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Disclaimer 

These guidelines are not intended to replace professional judgment, 
experience and appropriate referral. These guidelines are intended to 
inform general patterns of care, to enhance diabetes prevention efforts 
and to reduce the burden of diabetes complications in people living with 
this disease. They reflect the best available evidence at the time, and 
practitioners are encouraged to keep updated with the latest information 
in this rapidly changing field. While every care has been taken to ensure 
accuracy, reference to product information is recommended before 
prescribing. SEMDSA assumes no responsibility for personal or other injury, 
loss or damage that may result from the information in this publication. 

Unless otherwise specified, these guidelines pertain to the care of adults 
with type 2 diabetes at primary healthcare level. 

Website 

An electronic version of these guidelines is available at www.semdsa.org.
za. Any corrections after the printing of this edition and before the next will 
be available on this website. Comments about the guidelines can also be 
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Introduction
The Guideline development process 

The process we followed in developing the guideline was as 
follows: 

1. The SEMDSA Executive Committee (SEMDSA Excom) 
tasked the 2012 guideline committee chairperson to co-
ordinate an update of type 2 diabetes guideline at the 
end of 2015.

2. The steering committee from the previous guideline 
was contacted to volunteer to continue the guideline 
development and update in their particular fields of 
expertise. This group became the SEMDSA 2017 Type 2 
Guidelines Expert Committee (Expert Committee).

3. The guideline process was guided by the AGREE II 
recommendations for guideline development.¹

4. The need for the guideline update was identified and 
communicated to the Expert Committee. These were:

a. The lack of a suitably applicable international 
guideline for South African circumstances. 

b. To incorporate new updated information in multiple 
sections

c.  To simplify and rewrite some “difficult to read” 
sections

d.  To increase the use of summarised recommendations

e.  To correct errors and improve referencing

f.  To attempt to incorporate “levels of evidence” and 
“strength of recommendations” into the guideline

5. The objectives of the guideline were defined for The 
Expert Committee:

f. The population targeted for benefit from this 
guideline was to be individuals with type 2 diabetes, 
and those at high risk for developing type 2 diabetes, 
who access care at a primary healthcare facility.

g.  To provide guidance on the most appropriate 
management for people with diabetes mellitus and 
its complications at primary health care level.

h.  To enhance diabetes prevention efforts with the 
goal of reducing the burden of diabetes and its 
complications at primary healthcare level.

i.  To inform clinical decisions in type 2 diabetes made 
by primary healthcare professionals and funders

6. For this purpose we identified 29 areas of focus (the 
chapters), and each expert was allocated to oversee 
guideline development in one or more areas. The Experts 
were free to co-opt others to assist in the process.

7. Each expert was tasked with asking and answering key 
questions relevant to the objectives, within their areas 
of expertise. They were advised to conduct rigorous 
literature searches and reviews, but this was not 
methodically defined.

8. A Guideline Strategy and Planning Meeting was held in 
Johannesburg on 27/28 February 2016. In addition to 
the Expert Committee, the following participants and 
stakeholders were invited to this meeting (The Advisory 
Committee): 

a.  All members of the Association of Clinical  
Endocrinologists of South Africa (ACE-SA, a subgroup 
of SEMDSA)

b.  Diabetes Education Society of South Africa (DESSA) – 
four delegates

c.  Representatives from the South African Department 
of Health (Non-Communicable Diseases Directorate) 
– four delegates

d.  Representatives from the Council of Medical Schemes 
- two delegates

e.  Representatives from Faculty of Consulting Physicians 
of South Africa – two delegates

f.  South African Medical Association – two delegates

g.  Board of Healthcare Funders - two delegates

h.  IPA Foundation of South Africa - two delegates 

i.  The South African Heart Association - two delegates 

j.  Medical Scheme Administrators – Discovery, 
Momentum, Medscheme, GEMS, MHG – one delegate 
each

k.  No pharmaceutical or other industry representation 
or sponsorship was allowed at any stage. 

9. At the Guideline Meeting, members of the Expert 
Committee were required to present and discuss 
the proposed changes to their allocated chapter. 
The proposals were interrogated and debated by 
those present, and amendments and additions were 
suggested. The discussions were evidence based, 
and where evidence was lacking, a consensus among 
participants was adopted. 

10. Following the Guideline Meeting, the Expert 
Committee members conducted a further review of 
any controversial issues, and amended the chapters to 
reflect the discussions and consensus from the meeting. 

11. The chapters were then circulated for external review 
and revised when necessary. 

12. The Editorial and Review Committee then reviewed 
each chapter:

a.  For errors, omissions and duplication.

b.  To create uniformity of layout and style.

c.  To review, amend or generate tables and appendices 
where appropriate.

d.  To review, amend or formulate recommendations 
based on the chapter content. 

e. To grade the strength of the recommendations based 
on SORT taxanomy (Figure 1).²
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13. The reviewed and edited chapters were circulated to 
members of the Expert Committee for final approval 
and then submitted for publication. 

14. The Expert Committee was guided primarily by best-
evidence and best-practice considerations, taking into 
account the general, and dichotomous, socio-economic 
environment in South Africa. Consequently, our 
recommendations apply to all people living with type 2 
diabetes in South Africa. 

15. This entire guideline development process including its 
publication was funded independently by SEMDSA. 

16. All authors and editors have disclosed their dualities to 
the Chairperson. 

17. All Committee members performed their tasks 
voluntarily and received no remuneration for their 
services.

Next update

SEMDSA will assess the need for an update in 2020 or 
sooner if circumstances dictate this. 
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1.1. Background and Introduction1, 2

1.1.1. Sub-Saharan Africa (SSA)

Diabetes mellitus (diabetes) affects people worldwide and 
poses major public health and socio-economic challenges. The 
disorder was previously thought to be rare or undocumented 
in rural Africa, but over the past few decades it has emerged as 
an important non-communicable disease (NCD) in sub-Saharan 
Africa (SSA). After the introduction of standardised diagnostic 
criteria, King and Rewers showed in 1993, that diabetes in 
adults was a global disorder and that populations of developing 
countries, minority groups and disadvantaged communities 
in industrialised nations faced the greatest risk. Subsequently, 
several reports on global estimates and projections confirmed 
the diabetes epidemic and indicated that the numbers of people 
with diabetes and prevalence of both diabetes and impaired 
glucose tolerance (IGT) will rise. The increases are expected to be 
largest in developing regions of the world because of population 
ageing and urbanisation.1 

Estimates from 2015 by the International Diabetes Federation 
(IDF) (Table 1) suggest that the number of adults with diabetes 
in the world will increase by 55% in 2040. The greatest increase 
is anticipated for the Africa region, with a 140.9% projected 
increase. IGT in SSA is expected to rise in the same period, by 
126.4%; this will likely contribute to the higher burden of future 

diabetes. Therefore, the proportionate increase for SSA is more 
than double the predicted global increase for both IGT (51.3%) 
and diabetes (54.7%).2

The regional prevalence of diabetes for the Africa region for 
2015 was 3.2% (2.1-6.7%) and expected to increase to 3.7% (2.6-
7.3%) by 2040. This region has the highest proportion (66.7%) 
of undiagnosed diabetes. The majority (58.8%) of people with 
diabetes live in cities, although the population in the region 
is predominantly (61.3%) rural; as urbanisation increases and 
populations age, type 2 diabetes will pose an increasing threat. 
Nearly half of all adults with diabetes in the region live in the 
four most populous countries: South Africa (2.3 [1.2-4.6] million), 
Democratic Republic of Congo (1.8 [1.5-2.2] million), Nigeria  
(1.6 [1.2-3.8] million) and Ethiopia (1.3 [0.8-3.5] million).2

In 2015, there were 321 100 deaths attributable to diabetes 
for the Africa region, with more than 79% occurring in the 
economically productive age group i.e. age < 60 years, the 
highest proportion of any region and 1.7 times higher in women 
than in men. Globally approximately 5.0 million people aged 
between 20 and 79 years died from diabetes in 2015, equivalent 
to one death every six seconds. This is higher than the combined 
number of deaths from HIV/AIDS (1.5 million), tuberculosis  
(1.5 million), and malaria (0.6 million) in 2013. Close to half 

SEMDSA 2017 Recommendations 

The estimated national prevalence of diabetes (based on HbA1c) in persons older than 15 years was 9.5% (2012), and about 45% of 
these individuals were undiagnosed. An additional 9% of the South African population had abnormal glucose regulation defined 
by an HbA1c between 6.0 and 6.4%.

The Asian and Coloured populations have the highest prevalence of diabetes in South Africa. 

The prevalence of diabetes in rural dwellers appears to be increasing rapidly. 

The number of people living with diabetes in Africa is predicted to increase by 140% by the year 2040.

The number of deaths globally from diabetes exceeded the combined mortality from HIV/AIDS, tuberculosis and malaria in 2015.

There are clearly modifiable risk factors driving the diabetes epidemic; the rising prevalence of obesity is one of the most important. 

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)
http://dx.doi.org/10.1080/16089677.2015.1056468

Open Access article distributed under the terms of the
Creative Commons License [CC BY-NC-ND 4.0]
http://creativecommons.org/licenses/by-nc-nd/4.0

Chapter 1: Epidemiology of type 2 diabetes
SEMDSA Type 2 Diabetes Guidelines Expert Committee

Table I: IDF Estimates for 2015 and 20402

Number of adults (20-79 years) with diabetes:

Number (million) [uncertainty range] Projected increase

2015 2040

World 415 [340-536] 642 [521-829] +55%

Africa 14.2 [9.5-29.4] 34.2 [23.7-67.7] +140.9%

Number of adults (20-79 years) with IGT

SSA 34.9 [21.0 - 96.8] [48.3-222.3] +126.4%
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(46.6%) of deaths due to diabetes are in people under the age 
of 60.2

In 2015, the estimated health expenditure on diabetes in Africa 
was USD 3.4 billion, accounting for 0.5% of the global expenditure, 
the lowest for any region; this is equivalent to 7.0% of the region’s 
total health budget and to USD 24.3 - 419 person / year.  

In addition to the present challenges of resource depletion, 
countries in SSA face the double burden of communicable 
diseases (e.g. HIV/AIDS, tuberculosis) and non-communicable 
diseases (NCD) and their risk factors (e.g. diabetes).  

The IDF report also highlighted the paucity of data sources for 
the Africa region with a total of 13 sources from 12 countries 
selected. More than three quarters of countries lacked nation-
wide data; only a few SSA countries (Kenya and South Africa) 
had data sources based on oral glucose tolerance test (OGTT); 
diabetes prevalence figures for other countries in the region were 
based on studies that used self-reports, fasting blood glucose, 
were older than five (5) years and may be underestimates. The 
report highlighted the urgent need for further epidemiological 
research and improved data collection systems in the region.  

1.1.2. South Africa

South Africa is ranked as an upper middle-income economy 
by the World Bank and the United Nations (UN).  It has one the 
largest economies in Africa.  It is a country of contrasts, with wide 
divides between the “haves” (privileged) and the “have-nots” 
(underprivileged), where at least a quarter of the population is 
unemployed and lives on USD 1.25 per day. It is a country where 
traditional values grapple with the onslaught / entrenchment 
of the technological age and which has undergone rapid socio-
political changes over the past two decades.  

From the most recent (2011) population census, the total 
population is 51.770,560 million, living in nine (9) provinces with 
11 official languages; >60.0% live in urban areas. Africans (Blacks) 
constitute 79.2% (41 million) of the total population; South 
Africa has the largest European, Asian Indian and Mixed Ancestry 
communities in Africa.  

Against this background, this section provides an overview of 
the burden (epidemiology) of type 2 diabetes in non-pregnant 
adults in South Africa. 

1.2. Epidemiology of diabetes mellitus in South Africa

1.2.1. IDF estimates

Based on the most recent 2015 IDF estimates  for South Africa, 
there were 2.286 (1.1637-4.6206) million adults (20-79 years) 
with diabetes; the national prevalence was 7.0% (3.6-14.1) with 
a comparative prevalence of 7.6% (3.1-14.7). Of the 2.3 million 
people with diabetes, 1.3968 (0.603-2.3944) million (61.1%) were 
undiagnosed. The mean health expenditure per person with 
diabetes was USD 918.9 USD (1736.1 international dollars); and 
there were 57,319 diabetes related deaths.2

The following will provide a brief overview of the epidemiology 
studies undertaken from the 1960’s to the present.  

1.2.2. Local studies1,3–5

a. Early studies (prior to standardised criteria)

Before the introduction of standardised WHO criteria for glucose 
tolerance and since the early 1960’s, several studies examined 
the prevalence of diabetes in South Africa.  However, such 
studies involve different study populations, methodologies and 
criteria for the diagnosis of diabetes. Despite these limitations, 
such studies showed prevalence rates ranging between  
0.6 - 3.6% in urban communities.1, 3-5

b. Studies using standardised WHO/ADA criteria 

Appendix 1 summarises the studies on diabetes prevalence 
undertaken from the 1980’s.1,3–6 Since the introduction of 
standardised WHO criteria and methodology for the diagnoses 
of diabetes in 1985, there have been several studies undertaken 
in South Africa in urban, peri-urban and rural communities; 
the majority of the published studies have used the 1985 WHO 
criteria. In these studies, from three provinces (KwaZulu Natal, 
Western Cape and Free State), the age standardised prevalence 
was 4.8% in peri-urban and 5.3-8.0% in urban Africans (Blacks), 
10.8% in Mixed ancestry (Coloured) communities, and 13.0% 
in Asian Indians. All the studies reported age-standardised 
prevalence rates.

Using current (1998 WHO) criteria, moderate prevalence (3.9%) 
has been reported in rural KwaZulu Natal and high rates in 
urban Africans in Cape Town (13.1%) and Durban (12.9%) and 
in Mixed ancestry populations in the Western Cape (26.3%)  
(Appendix 1).1,3–6 

c. Longitudinal studies

To date, the only longitudinal studies which have examined 
the incidence of diabetes or the natural history of intermediate 
stages of glucose intolerance (IFG, IGT) in South Africa, have been 
in Asian Indians in Durban. There was a high risk of progression 
to diabetes in Indians with IGT (50.4% over four (4) years; rate 
of progression: 12.6% per annum). In a 10-year follow-up study, 
the age and sex adjusted cumulative incidence of diabetes was 
8.3% (rate of progression 0.95% per annum; incidence density 
8.3/1000 person years). 1,3–5

d. South African National Health and Nutrition Examination 
Survey (SANHANES) 2012 (Appendix 2)

The Human Science Research Council embarked on the 
SANHANES to recruit and establish a nationally representative 
cohort of 5 000 South African households to be followed up 
over the coming years. The first cross-sectional examination 
(SANHANES-1) was completed in 2012 and reported in 2014.7 

The final population sample included 25 532 people from  
6 305 households who were interviewed, and then subsequently 
invited to a clinic examination and blood biomarker analyses 
for lipid profiling and HbA1c. The results for the prevalence of  
HbA1c and other metabolic abnormalities are summarised in 
Appendix 2. 
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The national prevalence of abnormal glucose regulation (as 
defined by the cut-points used) was 18.6%. The prevalence 
figures are more startling when the analysis is confined to 
individuals older than 45 years where 16-25% of the population 
had diabetes and an additional 11-20% had sub-diabetic but 
abnormal HbA1c. It is noteworthy that HbA1c in the range 6.1 to 
6.4% is not equivalent to IFG or IGT; it is known to underestimate 
intermediate hyperglycaemia (IFG and IGT). Nevertheless it is 
well established as a risk factor for progression to   diabetes.8–10 In 
SANHANES-1 only 5% of individuals knew that they had diabetes 
implying that 45% of diabetes was previously undiagnosed. 
It is also worrying that no sector of society appeared to be 
protected; the highest prevalence of diabetes was found in rural 
informal dwellers (11.9%) and urban formal dwellers (11.3%). The 
prevalence of diabetes was equal among Blacks and Whites (just 
over 8%), higher among Coloureds (13.4%) and peaked at 30% 
for Asians. 

1.2.2.1. Africans (Blacks)

a. Prevalence

Both from earlier and recent studies, whatever criteria are used 
and when compared with other studies using oral glucose 
tolerance test (OGTT), both rural and urban prevalence in South 
Africa are higher than in other parts of SSA and comparable with 
that found in developed countries. 1–5

Regarding intermediate hyperglycaemia, IGT rates are moderate 
(4.8%) in rural communities but high in urban Xhosa in whom 
the prevalence of IGT has increased by 67%, from 7.0% in the 
1990’s to 11.7% in 2009. IFG prevalence was low both in rural 
(1.5%) and urban (1.2%) studies. A high prevalence of total 
disorders of glycaemia has been reported in both urban and 
rural communities. The foregoing also underscores the need for 
OGTT in epidemiology studies in SSA to identify those with IGT 
when estimating future trends in diabetes; IGT and IFG are not 
interchangeable and denote different abnormalities of glucose 
regulation.

More importantly, there is now clear evidence of an increase 
in the prevalence over the past few decades. Studies from the 
urban Cape Town study showed that when 1995 WHO criteria are 
applied, there has been a 52.5% increase, from 8.0% in the 1990’s 
to 12.2% in the recent study in 2009, both in men and women, 
and across age groups.  imilar findings are shown in the recent 
study in Durban (5.3% in 1984 vs. 12.9 % in 2014).

b. Risk factors for diabetes

South Africa as for the rest of SSA, is at grave risk for an increase 
in NCD especially diabetes, because of the many different and 
interrelated risk factors both modifiable and non-modifiable. 
These include the high proportions of undiagnosed diabetes 
in rural South Africans, the urban-rural differences and impact 
of urbanisation, ageing and peak prevalence in the older age 
group, the association with positive family history, adiposity, 

diminished physical activity and psycho social factors, as well 
as the impact of HIV/AIDS. In addition the global prevalence 
of obesity, a major risk factor for diabetes, is rising rapidly 
and in SSA, rates of obesity are among the fastest growing in 
the world.2,11 Since 1980, WHO estimates that the worldwide 
prevalence of obesity has more than doubled, with significant 
increases seen in every region. In sub-Saharan Africa, the 
number of overweight children grew from 4 million in 1990 to 
10 million in 2012.12

Summary

The data on the epidemiology of type 2 diabetes in South Africa 
has confirmed moderate to high diabetes prevalence and higher 
than in other SSA countries using the same methodology and 
comparable with those in developed countries; it explodes the 
previously held myth that diabetes is rare on this continent and 
there is now confirmatory evidence that the prevalence has 
increased over the past few decades. Diabetes prevalence is 
higher in urban and migrant populations and they are clearly 
identifiable and modifiable risk factors for its development.

Author: Ayesha A. Motala
Editor: Aslam Amod
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SEMDSA GUIDELINES

Since 1965, there have been several guidelines for the classification 
and diagnosis of diabetes mellitus. The first standardised 
guidelines were published 30 years ago. It was recognised that, 
as more information relevant to the diagnosis became available, 
there would be a need to review the classification and diagnostic 
criteria. There are no major changes to the definition of diabetes 
mellitus. The classification of hyperglycaemia in pregnancy 
has been updated, and the importance of making a correct 
aetiological diagnosis of diabetes is highlighted.

2.1 Definition of diabetes mellitus

Diabetes mellitus (diabetes) is a metabolic disorder with 
heterogeneous aetiologies, which is characterised by chronic 
hyperglycaemia and disturbances of carbohydrate, fat and 
protein metabolism resulting from defects in insulin secretion, 
insulin action or both. The long-term relatively specific effects 
of diabetes include development of retinopathy, nephropathy 
and neuropathy. People with diabetes are also at increased 
risk of other diseases, including cardiac, peripheral arterial and 
cerebrovascular disease.1-4 

Diabetes may present with characteristic symptoms such as 
thirst, polyuria, polydipsia, blurred vision, weight loss and 
sometimes polyphagia. The most severe clinical manifestation 
is ketoacidosis or non-ketotic hyperosmolar state, which may 
lead to stupor, coma, and, in the absence of treatment, death. 
However, often, symptoms are not severe or may be absent, and 
consequently in the absence of routine biochemical screening, 
hyperglycaemia sufficient to cause pathological and functional 
changes may be present for a long time before the diagnosis is 
made. There is a major need for improved screening for diabetes, 
particularly as a significant percentage of cases (30–80%) remain 
undiagnosed.1,4,5

Several pathogenic processes are involved in the development 
of diabetes. These include processes that impair or destroy the 
function of the pancreatic beta cells, with consequent insulin 
deficiency, and others that result in resistance to insulin action 
(insulin resistance versus insulin insensitivity). Abnormalities of 
carbohydrate, fat and protein metabolism are due to the deficient 
action of insulin on target tissues, resulting from insensitivity to 
or lack of insulin, or both.1-4

2.2 Classification of diabetes and other categories of 
glucose tolerance1-6

The classification encompasses both the clinical stages 
and aetiological types of diabetes, and other categories of 
hyperglycaemia (Figure I and Table I).1,3,5,6 References 1 and 3 can 
be consulted for more details. 

2.2.1 Clinical Stages of glucose tolerance

Regarding the clinical stages, the spectrum of glucose tolerance 
extends from normoglycaemia, to intermediate hyperglycaemia 
[impaired fasting glucose (IFG) and impaired glucose tolerance 
(IGT), to diabetes, regardless of underlying aetiology.

IFG and IGT are high-risk states for diabetes or categories of 
increased risk for diabetes. The 2011 World Health Organisation 
(WHO) Consultation4 affirmed the position taken by the 2006 
WHO/IDF (International Diabetes Federation) consultation5, 
that no further change should be made to the 1999 WHO 
recommendations1 on the diagnostic criteria for these states, 
discourages the use of the term “pre-diabetes” to describe IGT and 
IFG because of its misleading implication that all such individuals 
will inevitably progress to diabetes, and endorses the continued 
use of the collective term “intermediate hyperglycaemia”. IFG and 
IGT should not be viewed as clinical entities in their own right, 
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Chapter 2: Definition and classification of diabetes mellitus
SEMDSA Type 2 Diabetes Guidelines Expert Committee

SEMDSA 2017 Recommendations
Recognise that the clinical stages of hyperglycaemia include intermediate hyperglycaemia (impaired fasting glucose 
and impaired glucose tolerance) and diabetes mellitus. Intermediate hyperglycaemia represents a high-risk state for 
future diabetes and cardiovascular disease.

C

Always consider the aetiological classification of diabetes mellitus at diagnosis and review this periodically. Be aware 
that latent auto-immune diabetes of adulthood, maturity onset diabetes of the young, other endocrinopathies, 
glucocorticoid-induced diabetes and pancreatic diabetes are not uncommon disorders. 

C

The clinical distinction between type 1 and type 2 diabetes can be difficult especially in younger individuals, and 
in those with ketosis-prone (type 2) diabetes. These individuals should be referred to an endocrinologist without 
delaying treatment. 

C

The need for insulin treatment at diagnosis cannot be used as the basis for aetiological classification. C

Be aware that the classification of hyperglycaemia first detected in pregnancy has been updated by the World Health 
Organisation and adopted by SEMDSA (refer to Chapter 22). 

C
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but rather as risk factors for diabetes and cardiovascular disease 
(CVD). IFG and IGT are associated with obesity (especially central 
or visceral), dyslipidaemia with high triglycerides and/or low 
HDL cholesterol, and hypertension, a constellation collectively 
referred to as the metabolic syndrome.2-3 This is discussed in 
further detail in Chapter 16.

It is important to note that it may only be possible to establish 
the aetiology of diabetes retrospectively. Diabetes, regardless 
of the aetiology, progresses through several clinical stages 

during its natural history, and an individual may progress from 
stage to stage in either direction. Persons who have, or who 
are developing, diabetes can be categorised by clinical stage 
according to clinical characteristics, even in the absence of 
information on the underlying aetiology (Figure I). Classification 
is important for determining therapy, but some individuals 
cannot be clearly classified as type 1 or type 2 diabetes at the 
time of diagnosis.1-3, 5,6 Any difficulty in accurate classification 
should not delay initiation of therapy in symptomatic patients.

2.2.2 Aetiological classification of diabetes mellitus

The aetiological types of diabetes are type 1, type 2, other specific 
types and gestational diabetes (Table I). Patients with any form 
of diabetes may require insulin treatment at some stage of 
their disease. Such use of insulin does not, of itself, allow for an 
aetiological classification.

Type 1 diabetes, which accounts for only 5-10% of cases, results 
from pancreatic beta-cell destruction leading to absolute insulin 
deficiency. These patients are prone to ketoacidosis, coma and 
death. Type 1 diabetes may be immune-mediated or idiopathic 
(no known aetiology). Latent autoimmune diabetes in adults 
(LADA) is also classified as type 1diabetes.

Type 2 diabetes is the most common aetiological type (90-95% 
of cases) and is due to a progressive loss of insulin secretion on 
the background of insulin resistance (disorder of insulin action); 
it ranges from predominantly insulin resistance with relative 
insulin deficiency to predominantly an insulin secretory defect 
with insulin resistance. 

Other specific types of diabetes include a wide variety of conditions, 
primarily specific genetically defined forms of diabetes or 
diabetes associated with other diseases or drugs. Some of these 
are not uncommon and practitioners should be aware of these.

The clinical distinction between type 1, type 2 and other specific 
types of diabetes can sometimes be difficult, particularly in 
adolescents and young adults. Type 1 and more especially type 
2 diabetes are essentially clinical diagnoses of exclusion i.e. 
they require the practitioner to at least consider and reasonably 
exclude other causes of diabetes mellitus. It is estimated that 
about 15% of patients in general practice are misdiagnosed 
or misclassified7 and this can have important therapeutic and 
prognostic implications.  

Table I: Aetiological classification of diabetes mellitus1,3,5,6

I. Type 1 diabetes (β cell destruction, usually leading to absolute 
insulin deficiency)
A. Immune mediated
B. Idiopathic

II. Type 2 diabetes
May range from predominantly insulin resistance with relative 
insulin deficiency, to a predominantly secretory defect with insulin 
resistance. Also includes a subset who have ketosis-prone diabetes.

III. Other specific types
A. Genetic defects of β cell function

Maturity onset diabetes of the young (MODY) – currently 
11subtypes, neonatal diabetes mellitus, mitochondrial DNAs

B. Genetic defects in insulin action
Type A insulin resistance, Donahue syndrome (Leprechaunism), 
Rabson-Mendenhall syndrome, lipoatrophic diabetes, others

C. Diseases of the exocrine pancreas
Pancreatitis, trauma/pancreatectomy, neoplasia, cystic fibrosis, 
haemochromatosis, fibrocalculous pancreatopathy, others

D. Endocrinopathies
Acromegaly, Cushing’s syndrome, glucagonoma, 
phaeochromocytoma, hyperthyroidism, others

E. Drug or chemical induced
Glucocorticoids, nicotinic acid, thyroid hormone, β-adrenergic 
agonists, thiazides, phenytoin, interferon, pentamidine, diazoxide, 
atypical antipsychotics, highly active antiretroviral therapy 
(HAART)

F. Infections
Congenital rubella, cytomegalovirus, others

G. Uncommon forms of immune-mediated diabetes
“Stiff-man” syndrome, anti-insulin receptor antibodies, others

H. Other genetic syndromes sometimes associated with diabetes
Down syndrome, Klinefelter syndrome, Turner syndrome, Wolfram 
syndrome, Friedreich ataxia, Huntington chorea, Laurence-Moon-
Biedl syndrome, myotonic dystrophy, porphyria, Prader-Willi 
syndrome, others

IV. Hyperglycaemia first detected in pregnancy
A. Gestational diabetes
B. Diabetes mellitus in pregnancy

Patients with any form of diabetes may require insulin treatment at some stage 
of their disease. Such use of insulin does not, of itself, allow for aetiological 
classification.

Figure I: Disorders of glycaemia: aetiological types and clinical stages1,3,5,6

                              Stages   Normoglycaemia Hyperglycaemia

Types

Normal Glucose Regulation Impaired Glucose Tolerance 
or

Impaired Fasting Glucose 
(Prediabetes)

Diabetes Mellitus

Non insulin 
requiring

Insulin 
requiring 

for control

Insulin 
requiring 

for survival

Type 1*

Type 2

Other Specific Types **

Gestational Diabetes**

*Even after presenting in ketoacidosis, these patients can briefly return to normoglycaemia without requiring continuous therapy (i.e., “honeymoon” remission).
**In rare instances, patients in these categories (e.g. type 1 diabetes presenting initially in pregnancy, post-pancreatectomy) may require insulin for survival.
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Table II highlights the clinical differences that may assist in making 
the distinction between type 1 and type 2 diabetes in childhood, 
adolescents and young adults. Type 2 diabetes includes a 
subset of adults who have ketosis-prone diabetes. Although 
diabetic ketoacidosis occurs more commonly in patients with 
type 1 diabetes, it is becoming increasingly evident that there 
is a sub-set of patients with type 2 diabetes that present with 
or develop ketoacidosis, yet, after a few months, can be weaned 
off treatment with insulin and maintain euglycaemia only with 
oral agents. Most of these patients have a family history of type 
2 diabetes and have the typical phenotype of type 2 diabetes, 
namely acanthosis nigricans and increased waist circumference.8

Maturity onset diabetes of the young (MODY) represents a 
group of autosomal dominant single gene disorders resulting 
in impaired insulin secretion, with the onset of diabetes in 
adolescence or early adulthood.9 These patients typically have 
no or mild symptoms, lack the typical phenotype of the obese 
insulin-resistant type 2 diabetes patient, and have a strong 
family history of early onset (typically before age 25) diabetes in 
preceding generations. MODY is estimated to account for 1-2% 
of diabetes cases and is often misdiagnosed as type 1 or type 2 
diabetes. The differences in treatment and prognosis, as well as 
the need for genetic counselling behoves the clinician to have a 
strong index of suspicion for MODY in patients presenting with 
“type 2 diabetes” before age 25. 

Latent autoimmune diabetes of adulthood (LADA) is a form of 
type 1 diabetes often misdiagnosed as type 2 diabetes.10 It is 
characterised by a slower autoimmune destruction of beta 
cells than is seen in typical type 1 diabetes, and hence a slower 
more smouldering onset of hyperglycaemia, not unlike type 2 
diabetes. Phenotypically, patients with LADA are older than the 
typical type 1 diabetes patient (older than 25 years but more 
usually older than 35 years), are more likely to be non-obese 
and lack the strong family history of diabetes that is so typical 
of type 2 diabetes. However these features are not invariable. 
Approximately 10% of patients over the age of 35 labelled as 
having type 2 diabetes, may actually have LADA.10,11 Patients 
with LADA should be treated with insulin. 

Hyperglycaemia in the range characteristic of diabetes, IFG or 
IGT is also a common feature of other endocrinopathies such 
as thyrotoxicosis, hypothyroidism, Cushing’s syndrome and 
acromegaly. The clinician should always have a high index of 
suspicion for these secondary causes of hyperglycaemia and 
investigate or refer when clinically appropriate. Although the 
concurrent hyperglycaemia may necessitate treatment in its own 
right, patients with these conditions should be re-evaluated for 
diabetes if and when the underlying disorder has been treated.

Any doubt about the aetiological classification of diabetes 
should trigger referral to an endocrinologist for clinical and 
laboratory evaluation without unnecessarily delaying treatment 
of the hyperglycaemia.

Gestational diabetes (GDM), was until recently referred to 
as hyperglycaemia (glucose intolerance) with onset or first 
recognition during pregnancy. The terminology and classification 
has been updated since the 2012 SEMDSA guideline. The ADA 
defines GDM as diabetes diagnosed in the second or third 
trimester of pregnancy that is not clearly either type 1 or type 
2 diabetes.2, 3 The recent report of the WHO recommends that 
hyperglycaemia first detected at any time during pregnancy 
should be classified as either ‘diabetes mellitus in pregnancy” if the 
diagnostic criteria for diabetes in non-pregnant adults are met, 
or “gestational diabetes” for lesser degrees of hyperglycaemia 
defined by fasting, 1-hour and 2-hour post-glucose load values.8 
SEMDSA endorses and adopts the WHO recommendations.12 
This is discussed further in Chapter 22: Diabetes in Pregnancy.
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3.1 Introduction

There have been no changes to the diagnostic criteria for 

the diagnosis of diabetes, impaired fasting glucose (IFG) 

and impaired glucose tolerance (IGT) since the SEMDSA 

2012 Guideline. The different recommended diagnostic cut-

points for IFG from the American Diabetes Association (ADA)  
[5.6 to 6.9 mmol/L] and the World Health Organisation (WHO)  
[6.1 to 6.9 mmol/L] was reconsidered. The WHO position is 
retained and endorsed. The categorisation of individuals 
with non-diabetic but abnormal HbA1c (5.7 to 6.4%) was also 
reconsidered. The WHO position, that there is insufficient 

SEMDSA 2017 Recommendations 

The diagnosis of diabetes is confirmed:

a. In patients with symptoms of hyperglycaemia (polyuria, polydipsia, blurred vision, weight loss) or metabolic decompensation 
(diabetic ketoacidosis or hyperosmolar non-ketotic state), when any one single test confirms that the:

 ◦ Random plasma glucose is ≥ 11.1 mmol/L

 ◦ Fasting plasma glucose is ≥ 7.0 mmol/L

 ◦ HbA1c is ≥ 6.5%

 ◦ 2-hour post-load glucose is ≥ 11.1 mmol/L.  However, a GTT is rarely needed in this category of patient.

b. In an asymptomatic individual, when any one of the following tests, repeated on separate days within a 2 week period confirms 
that the:

 ◦ Fasting plasma glucose is ≥ 7.0 mmol/L

 ◦ 2 hr-post load glucose (OGTT) is ≥ 11.1 mmol/L

 ◦ HbA1c is ≥ 6.5%

If the diagnosis of diabetes is not confirmed with the repeated test, institute lifestyle modification and retest in 3 to 6 months. 

HbA1c can be used as a diagnostic test for diabetes providing that stringent quality assurance tests are in place and assays are 
standardised to criteria aligned to the international reference values, and there are no conditions present which preclude its 
accurate measurement.

Bedside or point-of-care devices (for glucose or HbA1c) must not be used to diagnose diabetes.

HbA1c of 6.5% is recommended as the cut-point for diagnosing diabetes. A value of less than 6.5% does not exclude diabetes 
diagnosed using glucose tests. A glucose based measurement is desirable in individuals with HbA1c values close to the diagnostic 
cut-point (e.g. 6.0 to 6.4%).

The diagnosis of type 2 diabetes is confirmed when all other causes of diabetes are reasonably excluded (refer to Chapter 2).

Impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) are categories of intermediate hyperglycaemia that identify 
individuals at risk for future diabetes and cardiovascular disease. IFG and IGT are modifiable risk factors. Refer to Chapter 25 for 
management of these risk factors.

Impaired fasting glucose is present when 2 consecutive tests performed on different days confirm that the fasting plasma glucose 
is 6.1 to 6.9 mmol/L, in the absence of diabetes and impaired glucose tolerance by other tests.

Impaired glucose tolerance is present when 2 consecutive tests performed on different days confirm that the 2-hour post-load 
plasma glucose is 7.8 to 11.0 mmol/L, in the absence of diabetes by any other test.

Screening for type 2 diabetes: Screen all overweight adults at any age if they have at least one other risk factor for diabetes. For all 
other adults, start screening for diabetes at age 45. The frequency of rescreening for diabetes depends on individual risk and can 
range from 3 months (e.g. the obese individual with IGT and multiple other risk factors for diabetes) to 3 years (e.g. the normal-
weight individual with no risk factors for diabetes). The preferred screening test for high-risk individuals is the OGTT as it is more 
sensitive and is the only method for detecting impaired glucose tolerance.
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evidence at this time make any firm recommendations for 
the classification of this category of abnormal HbA1c, is 
endorsed. A glucose-based measurement is recommended 
for risk stratification in these individuals. The use of the term 
prediabetes to describe the high-risk categories of intermediate 
hyperglycaemia (IFG and IGT) was debated; although inaccurate 
and not ideal, the term prediabetes has become entrenched in 
medical literature, and it is thought to improve communication 
with professionals and patients regarding diabetes risk. The term 
prediabetes is therefore an acceptable alternative for IFG and/
or IGT.

3.2 Interpretation of diagnostic tests for diabetes and 
other categories of glycaemia

Plasma glucose, (both fasting and 2-h PG) is a continuous 
variable that predicts premature mortality and increased 
risk of microvascular and cardiovascular complications. The 
current diagnostic criteria for diabetes distinguishes a group of 
individuals with significantly increased risk. Normoglycaemia is 
defined arbitrarily by glucose values that carry a low risk (not 
zero risk) of cardiovascular complications and future progression 
to diabetes. IFG and IGT define intermediate hyperglycaemia 
and risk i.e. glucose values that are associated with a higher risk 
of cardiovascular complications and progression to diabetes 
than normoglycaemia, but a lower risk of microvascular and 
cardiovascular complications than diabetes.5 Unlike diabetes, IFG 
and IGT are not clinical entities but rather risk factors for future 
diabetes and adverse outcomes. They are by no means the only 
risk factors for future diabetes and cardiovascular complications, 
and ideally these categories of intermediate hyperglycaemia will 
be superceded by an overall risk assessment (which will include 

glucose as a continuous variable) for diabetes and cardiovascular 
disease.5

The diagnostic tests, criteria and cut-points for the diagnosis 
of diabetes mellitus (diabetes) and categories of intermediate 
hyperglycaemia (categories of increased risk for diabetes) are 
outlined in Table I.1-6 The footnotes in Table I are extremely 
important. The same tests are used to diagnose and screen 
for diabetes and to detect individuals with intermediate 
hyperglycaemia (IFG and IGT).  

3.3 Diagnosis of diabetes

Diabetes may be identified anywhere along the clinical spectrum: 
in apparently low-risk asymptomatic individuals who happen 
to have glucose testing; in those tested based on diabetes 
risk assessment; and in symptomatic patients. Diabetes can 
be diagnosed based on the plasma glucose criteria, either the 
fasting plasma glucose (FPG), the 2-h plasma glucose (2-h PG) 
value after a 75 g oral glucose tolerance test (OGTT), a random 
plasma glucose in symptomatic individuals, or the HbA1c 
criteria.1-6 No one test is preferred over another for diagnosis.2 
For clinical purposes, the diagnosis of diabetes should always 
be confirmed by repeating the test on another day, preferably, 
the same test, unless there is unequivocal hyperglycaemia with 
acute metabolic decompensation or classic (obvious) symptoms 
(i.e. polyuria, polydipsia and weight loss). The diagnosis of 
diabetes must be based on formal laboratory testing and not 
point-of-care or bedside instruments (e.g. glucose reflectance 
meters or single-use HbA1c kits). For glucose-based diagnosis, 
laboratory venous plasma glucose is preferred. Capillary blood 
glucose measurements should only be used for diagnosis in the 
rare event that laboratory measurements are unavailable. In this 

Table I: interpretation of tests used for screening and diagnosis of diabetes

Fasting plasma glucosea

(FPG)a

(mmol/L)

<5.6
Diabetes excluded

6.0 - 6.9
Impaired fasting glucosee

≥ 7.0
Diabetese

2hr-plasma glucose
(2-hr PG)b

(mmol/L)

<7.8
Normal glucose tolerance

7.8 - 11.0
Impaired glucose tolerancee

≥ 11.1
Diabetese

Glycated haemoglobin A1c

(HbA1c)c

(%)

<6.5
Inconclusivef

≥ 6.5
Diabetese

Random plasma glucose
(RPG)d

(mmol/L)

<5.6
Diabetes excluded

5.6 - 11.0
Inconclusivef

≥ 11.1
Diabetese

a Fasting is defined as no caloric intake for at least 8 hours.
b2-h PG is measured during an oral glucose tolerance test (OGTT); The test should be performed as described by the WHO, using a glucose load containing the 
equivalent of 75 g anhydrous glucose dissolved in 250 ml water and ingested over five minutes.
a,b Glucose should be measured immediately after collection by near-patient testing, or if a blood sample is collected, plasma should be immediately separated, or the 
sample should be collected into a container with glycolytic inhibitors and placed in ice-water until separated prior to analysis.
cHbA1c : refers to glycated haemoglobin measurement performed using a DCCT standardised assay and an NGSP certified laboratory, in the absence of conditions that 
preclude its accurate measurement.
dRandom (casual) is defined as any time of day, without regard to time of last meal. RPG should only be performed in patients with classic symptoms (polyuria, 
polydipsia, weight loss) or those with hyperglycaemic crises (diabetic ketoacidosis or hyperosmolar non-ketotic state). It is not a recommended screening test for 
asymptomatic individuals. A RPG < 11.1 mmol/L does not exclude the diagnosis of diabetes.
eIn non-pregnant individuals with classic symptoms of diabetes or hyperglycaemic crises, a single abnormal test result confirms the diagnosis of diabetes. The diagnosis 
of impaired fasting glucose (IFG), impaired glucose tolerance (IGT) or diabetes in asymptomatic individuals must be confirmed with a second measurement using the 
same test method as soon as is convenient. 
fFPG or 2-h PG should be measured in those individuals with inconclusive results from RPG or HbA1c.

Note: if two or more test methods yield discordant results the individual is classified with the more abnormal disorder of glucose regulation. The test with the more 
abnormal result will need to be repeated on a different day in asymptomatic individuals.
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event, if the reflectance meter is not pre-calibrated to convert 
capillary glucose to plasma glucose, the plasma glucose value 
will need to be derived using the following conversion factor: 
Plasma glucose (mmol/l) = 0.102 + 1.066 x capillary blood 
glucose.

3.3.1 HbA1c vs. plasma glucose for diagnosis (refer to 
Appendix 3)

The HbA1c test used for diagnosis of diabetes must meet the 
following conditions:2-4, 6 

• The test method must meet stringent quality-assurance 
criteria.

• The assay must be standardised to criteria aligned to 
international reference values (i.e. NGSP certified).

• The assay must be standardised or traceable to the DCCT 
reference assay

• There must be no conditions present which preclude the 
accurate measure of HbA1c.

Point of care HbA1c assays for diagnostic purposes is not 
recommended, because although some such assays may 
be NGSP certified, proficiency testing is not mandated for 
performing the test. For a complete list of laboratories that are 
NGSP certified, the reader is referred to the NGSP website.7 

HbA1c has some advantages compared with plasma glucose-
based criteria (FPG and OGTT), including greater convenience 
(fasting not required), greater pre-analytic stability, and less day-
to-day perturbations during stress and illness. However, these 
advantages may be offset by the following: lower sensitivity 
(of HbA1c) at the designated cut-point, greater cost, limited 
availability in certain developing countries and imperfect 
correlation between HbA1c and average glucose in certain 
individuals. National Health and Nutrition Examination Survey 
(NHANES) data from the USA indicate that an HbA1c cut-point 
of > 6.5% (48 mmol/mol) identifies one third fewer cases of 
undiagnosed diabetes than a FPG cut-point of > 7.0 mmol/l.8 

It is important to take age, race/ethnicity, anaemia, 
haemoglobinopathy, and other states of increased red cell 
turnover into consideration when using HbA1c to diagnose 
diabetes. In conditions associated with increased red cell 
turnover, such as pregnancy (2nd and 3rd trimester), recent blood 
loss or transfusion, erythropoeitin therapy, or haemolysis, only 
blood glucose criteria should be used to diagnose diabetes.2-4 

Regarding the plasma glucose/glucose-based criteria, both FPG 
and 2h-PG may be used to diagnose diabetes. The concordance 
between FPG and 2h-PG tests is imperfect, as is the concordance 
between HbA1c and either glucose-based test.  Several studies 
have confirmed that, compared with FPG and HbA1c cut-points, 
the 2-h PG value diagnoses more people with diabetes.2-3

3.3.2 Diagnosis in symptomatic individuals and 
unequivocal hyperglycaemia

In patients who have the classic symptoms of hyperglycaemia 
(polyuria, polydipsia and weight loss), or unequivocal 
hyperglycaemia i.e. hyperglycaemic crisis (diabetic ketoacidosis 
or hyperosmolar non-ketotic hyperglycaemia) a single abnormal 

test is sufficient to confirm the diagnosis of diabetes. The OGTT 
can result in severe hyperglycaemia and a random plasma 
glucose will usually be adequate in this clinical situation. Note 
that even severe hyperglycaemia detected under conditions 
of acute infective, traumatic, cardiovascular or other stress 
including corticosteroid therapy, may be transitory and should 
not be regarded as diagnostic of diabetes until confirmed 
subsequently.

3.3.3 Diagnosis in asymptomatic individuals or doubtful 
hyperglycaemia

In asymptomatic individuals and in those where there is doubt 
about the presence of persistent hyperglycaemia, the diagnosis 
of diabetes (or other categories of intermediate hyperglycaemia) 
should not be based on a single abnormal test result. It is 
advisable to perform either a glucose-based test (fasting or 2-h 
PG), or the HbA1c test. If the test is abnormal, then the same test 
must be repeated on another day (preferably within 2 weeks) to 
confirm the diagnosis.  

In the event that both a glucose-based test and the HbA1c test 
are measured, if both are “diagnostic” for diabetes, then the 
diagnosis of diabetes is confirmed. If only one of these tests is 
abnormal, a second abnormal result of the same testing method 
is required to confirm the diagnosis of diabetes on a different day, 
preferably within two weeks.  Should the repeat test not confirm 
diabetes, the test should then be repeated after 3-6 months.2-4

A test result below the diagnostic threshold for diabetes 
does not exclude the diagnosis of diabetes. So although the 
diagnostic cut-point for fasting plasma glucose is 7.0 mmol/L 
and 6.1 mmol/l for diabetes and IFG respectively, one can only 
exclude the diagnosis of diabetes if the fasting plasma glucose 
is ≤ 5.6 mmol/l. The level of HbA1c below which the diagnosis 
of diabetes is excluded is not known [the American Diabetes 
Association (ADA) uses a cut-point of < 5.7% but the World 
Health Organisation (WHO) report does not endorse this]. This 
raises a dilemma in individuals in whom the HbA1c test result is 
close to, but does not exceed, the diagnostic cut-point of 6.5%. 
SEMDSA recommends a glucose-based measurement (FPG or 
2-h PG) for high-risk individuals whose HbA1c is abnormal but 
not diagnostic of diabetes (refer to Chapter 2 for risk factors).

3.4 Diagnosis of intermediate hyperglycaemia/
categories of increased risk for diabetes (IFG and IGT)

Table I outlines the diagnostic criteria for IFG and IGT. By 
definition these categories of glycaemia mandate a FPG or 
OGTT for diagnosis. As is the case with diabetes, there is also 
considerable discordance between the FPG and 2-h PG test in 
identifying intermediate hyperglycaemia. Nevertheles,s a fair 
proportion of individuals will have both IFG and IGT.5 

Glucose-based measurements have variable reproducibility 
which emphasises the need for repeat testing to confirm the 
diagnosis. Approximately 40-60% of individuals with IFG and 
or IGT will have confirmatory tests on retesting, about 10% will 
meet the diagnostic criteria for diabetes and the rest will revert 
to normal.5 The reproducibility of fasting glucose is somewhat 
better than the 2-h PG. 
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The risk of progression to diabetes varies among ethnic groups. 
A meta-analysis of prospective studies showed that the annual 
incidence of diabetes in individuals with IFG and IGT was 6-9% 
and 4-6% respectively. The incidence in persons with both IFG 
and IGT was significantly higher at 15-19%/yr.13 In South African 
Indians with IGT, the annual incidence of diabetes was found 
to be 12.6% per year over four years.14 Refer to “Chapter 27: 
Prevention and delay of type 2 diabetes” for a discussion on the 
management of IFG and IGT. 

3.4.1 IFG, IGT and prediabetes – the controversies

(Optional reading)

The 2011 WHO report only recommended an HbA1c cut-point  
(> 6.5%/48mmol/mol) for the diagnosis of diabetes and 
emphasized that a value < 6.5% does not exclude diabetes 
diagnosed using glucose tests. The report concluded that 
there was insufficient evidence at the time to make any formal 
recommendation on the interpretation of HbA1c level < 6.5%.4 
That report also endorsed the previous WHO recommendations1,5 
of retaining the cut-point plasma glucose for IFG at 6.1 mmol/L 
vs. the 2003 ADA recommended cut-point of 5.6 mmol/l2,3; the 
reasons included lack of evidence of any benefit in reducing 
adverse outcomes or progression to diabetes and the possible 
impact on individuals and health systems with the significant 
increase in IFG prevalence.4

The ADA has since 2010, recommended that an HbA1c 5.7-6.4% 
(39-46 mmol/mol) can be used to identify categories at increased 
risk for diabetes in addition to IFG and IGT, and uses the term 
prediabetes to describe these three categories; the argument 
being that for all these tests, the risk continues, extending below 
the lower limit of the range and becoming disproportionately 
greater at higher ends of the range.2,3,9 In addition, the ADA has 
recommended screening individuals with risk factors for the 
purpose of detecting prediabetes (as opposed to only screening 
to detect diabetes). The counter argument is that there is no 
universal lower level of either glucose or HbA1c that eliminates 
risk. 

The question needs to evolve from “is a certain level of glucose 
associated with risk” to ” is intervention at that level likely to 
be beneficial, cost-effective and affordable”. Regarding IFG, 
lowering the FPG threshold to 5.6 mmol/l means that ~30% of 
people would be classified as having prediabetes. There is little 
evidence that this is very useful. The same is true for lowering the 
HbA1c threshold because as the threshold goes lower than 6.0 %, 
one is on the steep section of the normal distribution and many 
people get labelled. In addition HbA1c in the range 5.7 to 6.4% 
appears to identify a much smaller population of prediabetes 
than does IFG or IGT, it includes people who do not IFG or IGT, 
IFG and IGT are stronger predictors of CVD than HbA1c and 
intervention studies in prediabetes have included patients based 
on IGT (predominantly) and IFG. There have been no prospective 
intervention studies based on HbA1c.5,10,11

The question to ask is what is the purpose of labelling someone 
with prediabetes? What are you going to do on the basis of 
that knowledge? How many people can you afford to offer 
individual prevention to? Using this logic, one would probably 

keep the thresholds high. In the case of FPG there is no evidence 
that people in the range 5.5-6.1 mmol/L are at substantial 
cardiovascular risk. There is also no trial evidence of benefit 
of lifestyle intervention; and the population is large with an 
unknown cost-benefit ratio for any intervention.

SEMDSA’s position is that the cut point of FPG and IFG should remain 
at  6.1 mmol/l and that the previous position of not recommending 
HbA1c for intermediate hyperglycaemia should be retained, until 
there is substantial evidence from prospective studies that there is a 
defined threshold of HbA1c above which there is increased/absolute 
risk of progression to diabetes or development of its complications, 
and until it can be shown that no individual with HbA1c < 6.5% has 
diabetes. The same is true for screening for IFG and IGT i.e. until there 
is further evidence, screening for intermediate hyperglycaemia 
should not be recommended. It is also important that serum insulin 
should not be used for diagnosis of intermediate hyperglycaemia.

The use of the term prediabetes for individuals with IFG/IGT is 
problematic because it implies that all of these individuals will 
develop diabetes, and that those who do not meet the criteria for 
prediabetes will not, neither of which is true. For example, it ignores 
people with other non-glucose based risk factors such as the woman 
with a history of gestational diabetes, whose risk of diabetes is 
quite high (20-60%) over the five to ten years after pregnancy.12 
Nevertheless the term prediabetes has become sufficiently 
entrenched in medical and lay literature so as not to be ignored or 
discarded; a PubMed search yields more literature for the search 
term “prediabetes” than it does for “intermediate hyperglycaemia” 
The term prediabetes also facilitates an easier conversation with 
professionals and patients to help understand the high risk status. 
If the term prediabetes is used, it should be confined to IFG and IGT, 
must not include HbA1c and those using the term must not ignore 
the risk of people who do not have intermediate hyperglycaemia.

3.5 Screening for type 2 diabetes in adults 

As described above, the distinction between diagnostic testing 
and screening for diabetes is somewhat blurred. The same tests 
are used for “screening” and for diagnosis. Diabetes may be 
identified anywhere along a spectrum of clinical presentations, 
ranging from low-risk individuals who happen to have glucose 
testing incidentally (random screening), to individuals identified 
as having a high risk for diabetes during routine consultations 
for unrelated health matters (opportunistic screening), to those 
who are deliberately identified and tested because of their high 
risk status (targeted screening). The spectrum then extends to 
the higher-risk individual with clinical features suggestive of 
diabetes (e.g. obese adult with recurrent urinary infections and 
nocturia) whom the provider tests because of a high suspicion 
of diabetes, and finally to the patient with classic symptoms or 
metabolic decompensation. The latter two scenarios would be 
considered diagnostic testing. 

Because of the need for follow-up, screening should only be 
carried out within the health care setting. Community screening 
outside a healthcare setting (e.g. fun days, shopping centres) is 
not recommended, because individuals with abnormal (positive) 
tests may not seek or have access to appropriate follow-up 
testing and care. Or, for those who test negative, there may be 
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failure to ensure appropriate repeat testing. Such screening may 
also be poorly targeted, i.e. may fail to reach groups most at risk, 
and inappropriately test those at low risk (the “worried well”) or 
those already diagnosed. 

Similarly, random screening for all adults is not recommended 
until after the age of 45years. The indications for targeted and 
opportunistic screening are described in Table II. 

3.5.1 Screening for diabetes vs. screening for diabetes and 
prediabetes

In 2016, the ADA2 recommends guidelines for screening tests for 
both type 2 diabetes and prediabetes in asymptomatic adults 
(vs. screening tests only for diabetes). This has been discussed in 
Section 3.3.1. SEMDSA advocates screening for the detection of 
diabetes; individuals identified with IFG/IGT during this process 
can be managed appropriately. In any case the risk factors for 
prediabetes are the same as the risk factors for diabetes. 

Author: Ayesha A. Motala
Editor: Aslam Amod
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Table II:  Criteria for screening for type 2 diabetes in asymptomatic adults 1-3, 5

Indications 1. High risk individuals: All adults (any age) who are overweight (BMI> 25 kg/m2 or > 23 kg/m2 in Asians), plus 
one or more additional risk factorsb:
• Physical inactivity
• Hypertension [Blood pressure (BP) ≥ 140/90 mmHg] or treatment for hypertension
• First degree relative with diabetes
• Dyslipidaemiac

• Polycystic ovarian syndrome
• High-risk race/ethnicity (Asian Indian, Coloured)
• Cardiovascular disease history
• Gestational diabetes or baby > 4 kg
• Previous IFG or IGT
• Other conditions associated with insulin resistance (severe obesity, acanthosis nigricans)

2. If no risk factors: Age ≥ 45 years
Frequency At three-year intervals, if normal

More frequently, based on initial result and risk status
Test method FPG, 2-h PG (OGTT) or HBA1c. 

The OGTT is the preferred test in high risk individuals.

 a  Only to be done within the healthcare setting
 b  Risk factors for future diabetes
 c Serum high-density lipoprotein (HDL) cholesterol < 0.90 mmol/l, or triglycerides > 2.82 mmol/l
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Requirements for a Diabetic Clinic
• Dedicated, appropriately trained staff

• Adequate space:

 ◦ For individual consultation

 ◦ For group education

• Protocols covering:

 ◦ Screening

 ◦ Regular care, including referrals

• Equipment:

 ◦ Tape measure (waist circumference)

 ◦ Scale

 ◦ Height measure

 ◦ Accurate sphygmomanometers, with two cuff sizes

 ◦ Monofilament and 128 Hz tuning fork

 ◦ Glucometers in good working order

 ◦ HbA1C testing equipment, to enable testing on site

 ◦ Educational material

• Regular supply of medication

• Register with recall system for non-attenders

• Annual audits of:

 ◦ Numbers of patients receiving designated processes of care

 ◦ Numbers of patients reaching targets for glycaemia, blood 
pressure (BP) and lipids 

 ◦ History, clinical examination, investigations: What to do 
when

SEMDSA 2017 Recommendations

Patients with diabetes should be seen by dedicated staff at a clinic/facility with adequate space and resources 
(equipment and medication) 

C

The diabetes consultation should be a structured one. The use of standardised diabetes consultation templates is 
encouraged to ensure that essential assessments / processes of care are not omitted. 

C

At each visit the patient should have a history taken, undergo a clinical examination and have blood taken for 
biochemical evaluation.  

The complexity of each will be dependent on whether it is an initial consultation, follow-up consultation or an annual 
review 

C
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Chapter 4: Organisation of Diabetes Care
SEMDSA Type 2 Diabetes Guidelines Expert Committee

History Initial 3-6 monthly visit Annually

Symptoms of hyperglycaemia, and duration of symptoms X X X

Relevant family history X X

Other risk factors (e.g. gestational diabetes, high birthweight) X X

Relevant medical history 
Co-morbid conditions 
Symptoms of complications
Cardiovascular, neurological, bladder function, sexual function (i.e. 
erectile dysfunction), feet, visual, infection

X
X X

X
X

Drugs 
Current 
Side-effects and adherence
Allergies

X
X
X

X
X
X
X

Hypoglycaemic symptoms X X X

Vaccinations
Pneumococcal (date) 
Influenza (date) 

X
X

X
X

Lifestyle 
Weight history 
Physical activity 
Eating pattern 
Smoking 
Alcohol 

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
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Psychosocial
Occupation 
Family and community support 
Depression 

X
X
X X

X
X
X

Home monitoring chart (if relevant) X X X

EXAMINATION Initial visit 3-6 monthly visit Annually
Weight X X X

Height X X

BMI (kg/m2 ) X X X

Waist circumference (cm) X X X

Blood pressure X X X

Feet - detailed examination§ X X

Monofilament assessment X X

Vibration sensation assessment X X

Ankle jerks X X

Evaluation for peripheral arterial disease X X

Oral cavity

    - dental caries

    - gum disease

X X

X X

Eye examination

    -Visual acuity

    - Retinal examination*

X X

X X

Cardiovascular examination X X

Injection sites if appropriate X X X
§ See Chapter 21
*The preferred method for screening for retinopathy is retinal imaging using non-mydriatic fundus photography (the images can be interpreted remotely by those with 
the expertise); dilated fundoscopy can be used in the absence of a retinal camera by those clinicians who have the necessary expertise to diagnose diabetic retinopathy, 
and in patients where dilatation of the pupil will not hamper driving or returning to work.

Investigations Initial visit 3-6 monthly visit Annually

Blood
Glucose
HbA1c
Lipids (TC, HDLc, TG, LDLc)
Creatinine and calculation of eGFR
Potassium
HIV

X
X
X
X
X
X

X X
X
X
X

Urine
Dipstix

Glucose
Ketones
Protein

Albumin/creatinine ratio

X
X
X
X

X
X
X

X
X
X
X

ECG X X

Continuous glucose monitoring* X X X

*Refer to Chapter 8

Other important tasks Initial visit Every visit Annually

Diabetes educator* X X X

Education: Self-management and lifestyle adjustment, including 
smoking cessation X X X

Setting goals X X X

Preconception counselling and family planning X X X

Medication revision/adjustment X X X

Immunisations X X

Testing for autonomic neuropathy X X

*Any healthcare worker who has completed, with competence, a South African Nursing Council or SEMDSA-approved diabetes educators course.

Authors: Naomi S. Levitt and Joel A. Dave
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5.1 Introduction 

Diabetes is a heterogenous condition and adequate 
management thereof requires input from various role players. 
It requires continuous support from a multidisciplinary team 
of health care providers (HCP) and constant effort in assisting 
people living with diabetes to make the right choices around 
food, medication, and exercise.1 People living with diabetes, 
their caregivers and families should be skilled in numerous self-
management activities in order to manage this effectively.1 The 
ultimate goal is to empower people living with diabetes to be 
more engaged and informed about the condition. It is crucial for 
successful self-management of diabetes to ensure that treatment 
and quality of life goals are achieved.1 DSME has been shown 
to improve glycaemic control which is one of the strongest 
predictors of disease progression and the development of 
diabetes complications.2,3 It is the educator’s role to assist with 
this endeavour and make it as trouble-free as possible.

The words of Elliot P. Joslin still holds true: “The person with 
diabetes who knows the most lives the longest.”4

5.2 Defining Diabetes-Self Management Education 
and Support (DSME & DSMS)

DSME is the ongoing process of facilitating knowledge, skill, 
ability and motivation for diabetes self-care that involves active 
participation of the people living with diabetes. It integrates the 
needs, goals and life experiences of the people and is grounded 
on evidence-based principles. DSME is not a once-off event but 
a lifelong necessity starting at diagnosis.1,5 DSME/S is one of the 

core elements of the Care Model that is advocated for people 
living with a chronic condition. DSME content should be patient 
centred, considerate of cultural background and practices, 
tradition, religion, literacy levels and family values, as all of these 
factors impact on the motivation for learning.6-8 Four crucial 
time points where DSME is advocated: at diagnosis, annually, 
when new complicating factors e.g. pregnancy arise and when 
transition into different life stage occurs.1 Diabetes education 
algorithms defining these four time points and including the 
topics that need coverage are available at http://professional.
diabetes.org/

5.3 Role of the diabetes educator

The joint position statement on DSME of the Diabetes, Diabetes 
Educators and the Academy of Nutrition and Dietetics of America 
advocate that the person responsible for providing the DSME 
should be a health professional (e.g. nurse, dietician or pharmacist) 
who is trained by means of an accredited programme. The 
Diabetes Educator (DE) should meet specific competency and 
ongoing education requirements.1,6 The DE should have good 
interpersonal skills and must prioritise motivational interview 
techniques to cultivate patient commitment and participation.21 
The primary DE may support and educate other health carers 
such as community health workers, peers and family-members 
with DSME/S. Diabetes self-management and education by 
trained health care workers are equally effective in improving 
glycaemic control, self-care activities and quality of life.2,9-12 

SEMDSA 2017 Recommendations

People living with diabetes should be offered structured diabetes education at diagnosis and this should be 
consolidated at regular intervals.

B

Diabetes self-management education and support (DSME/S) should be patient-centred, respectful and receptive 
to individual needs and values; and non-discriminatory towards cultural, ethnic language, socio-economic and 
educational differences.

B

DSME/S should incorporate cognitive-behavioural interventions, the practical application of knowledge and aim to 
increase patient participation in decision making.

B

DSME/S should be managed by accredited health care professionals who have been appropriately trained in the 
execution of evidence-based principles.

B

Trained community health workers should provide education through home visits, create awareness and encourage 
adherence.

C

SEMDSA recommends that DSME, provided by health professionals in a format endorsed by SEMDSA and DESSA, 
should be reimbursed according to NHRPL guidelines.

C
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5.4 Specific components of DSME/S

5.4.1 Duration of sessions

Better outcomes are directly linked to the amount of time spent 
on education.1 In a South-African community based programme 
a 5% weight loss and 1% reduction in HbA1C was achieved after 
just four (4) education sessions of 20-60 minutes each.13 

5.4.2 Methods towards effective DSME/S

The person living with diabetes (and family members) should 
be the centre of the care model encouraging active partnership 
with health care professionals and all decision making must be 
guided by the values of the person with diabetes.14 Interactive 
interventions such as cognitive behavioural techniques, joint 
decision making, problem solving skills and the generation of 
action plans towards realistic patient-chosen goals should be 
fostered. The identification and addressing of barriers to self-care 
are just some of the steps to successful DSME.1,15 Table I gives 
examples of questions to ensure a patient centred approach.

5.4.3 Essential components of DSME

Successful diabetes care includes a systematic approach with 
adequate coverage of the essential components of DSME as 
summarised by the ADA’s standards of medical care 2017. Refer 
to Table II.

5.5 Efficacy of DSME 

DSME improves haemoglobin A1c (A1c) by up to 1%.1,2 It is 
proven to be cost-effective due to the reduction in hospital 
admissions and lifetime cost of diabetes complications.16-19  
A summary of the clinical, behavioural and psychological areas of 
diabetes that are positively impacted on are listed in Table III.1,5,14

5.6 The role of technology in DSME/S 

The internet, web-based education, cell phones, emails, 
automatic reminders and telephonic education are effective and 

efficient ways of providing DSME.5,20 These modalities provide a 
way to overcome barriers such as distance as well as the resource 
limitations in terms of sufficient certified DE’s.20 

5.7 Remuneration and reimbursement for DSME

Healthcare professionals who provide structured DSME in a 
format approved by DESSA and SEMDSA must be reimbursed 
by third-party payers as it is a core component of diabetes 
management, and has the potential to improve outcomes and 
reduce costs.14 Reimbursement should follow recommendations 
as per NHRPL guidelines and should be updated annually. 

Conclusion 

Adequate and ongoing DSME is an integral component of 
diabetes care. It should use evidence-based strategies and 
promote the practical application of knowledge. 

Authors: Razana Allie, Hamish van Wyk, Ankia Coetzee and 
Lourentia van Wyk.
Editors: Zaheer Bayat and Aslam Amod.
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6.1 Introduction

Medical nutritional therapy (MNT) is a vital aspect of both 
diabetes prevention and diabetes management. A review of 
the evidence of MNT in the management of type 2 diabetes has 
shown an HbA1c reduction of 0.5 to  2%.1

The objectives of MNT are to promote the enjoyment of a variety 
of nutrient dense foods in appropriate portion sizes to:
• Achieve individual glycaemic, blood pressure and lipid goals. 
• Achieve and maintain body weight goals 

• Delay or prevent complications of diabetes.1 

Glycaemic control can improve despite no weight loss.2 Thus, the 

effects of MNT on glycaemic control goes beyond just weight 

loss. Despite the former, even with 5-10 % weight loss there are 

marked improvements in metabolic markers.3 It should however 

be noted that these metabolic changes improved even more so 

with ≥ 15 % weight loss.3 Due to the improvements in metabolic 

markers, MNT can be cost saving.1 

SEMDSA 2017 Recommendations for Medical Nutrition Therapy 
Medical nutritional therapy (MNT) has been shown to reduce HbA1c by 0.5 – 2 % in type 2 diabetes A

Intensive lifestyle interventions, with structured programs focusing on MNT, physical activity and behaviour change 
with ongoing support, can achieve modest weight loss and improve outcomes in overweight and obese individuals 
with diabetes and prediabetes. These interventions must be made available to people with type 2 diabetes. 

A

There is no ideal percentage of calories from carbohydrates, fat or protein; macronutrient distribution must be 
individualised.

B

Nutritional approaches must be individualised, based on metabolic goals and a holistic assessment of the individual 
that is sensitive to, and respectful of, the ethnic, cultural and socio-economic needs of the person. MNT is best 
delivered by a registered dietitian. 

C

Generic nutritional messages (e.g. food plates, handing out pamphlets of “foods allowed and foods to avoid”) lack 
efficacy.

B

The overall quality and sustainability of any dietary approach needs to be considered. A

A variety of different dietary approaches have been shown to be effective in diabetes management, and current 
evidence does not suggest that any one single nutrition approach offers greater improvements in glycaemic control 
or weight loss. 

C

Carbohydrate intake (both quality and quantity) should be individualised and guided by the patient’s glycaemic 
control. Carbohydrates from whole grains, legumes, milk, vegetables and fruit should be used instead of refined 
carbohydrates with added sugar, fats and sodium.

B

The type of fat consumed may be more important than the total fat intake for determining metabolic goals and 
preventing cardiovascular disease. Monounsaturated fats are preferred to saturated fats. Foods rich in long-chain 
omega-3 fatty acids, such as fatty fish, nuts and seeds is recommended to prevent cardiovascular disease. The intake 
of processed meats and fatty red meats should be limited.

B

Intensive lifestyle interventions using a nutritional approach that limits energy from fat (< 30%) and saturated fat 
(<10%), increases fibre (>15g/1000 kcal) and promotes whole grain, unrefined carbohydrates instead of refined 
carbohydrates, has proven long-term benefit, efficacy and safety in preventing type 2 diabetes. (Refer to Chapter 27)

A

The long-term safety (cardiovascular and other) of high saturated fat diets, high protein diets or very low calorie diets 
is not known. This information must be communicated to individuals wishing to adopt this nutritional plan.

C

If the patient decides to consume alcohol it should be in moderation (1 unit per day for women and 2 units per day 
for men).

C

For general health, sodium intake should be < 2300 mg a day. B

Do not recommend dietary or vitamin supplements in the absence of proven deficiencies. There is no role for 
omega-3 supplements.

A
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6.2 An Evidence based Nutritional Approach

Despite the benefits associated with MNT, lack of adherence 
is a common problem. One of the possible explanations is the 
approach provided by health professionals. Providing patients 
with generic nutritional advice does not constitute MNT, but 
rather describes the control arm of large studies which offer 
no improvements in metabolic markers.4 Based on the lack of 
efficacy associated with generic nutritional messages e.g. food 
plates, handing out pamphlets of “foods allowed and foods to 
avoid”- these should be avoided as they are not a substitute 
for comprehensive MNT. Often vitamins, minerals, herbs and 
spices are marketed as having clinical benefits for people with 
diabetes. There is however no evidence to support the use of 

such products and thus should not be included in the MNT.1 
MNT should consist of regular contact sessions with a registered 
dietitian (RD) preferably experienced in diabetes management 
(see Table I).1 The RD should assess the patient and provide 
individualized nutrition and behaviour modification education 
during regular monitoring sessions (see Table 1). 

6.3 Different Dietary Approaches for the Management 
of Diabetes

A variety of different dietary approaches have shown to be 
effective in diabetes management including, low fat diets, low 
glycaemic index diets, low carbohydrate diets and Mediterranean 
diets.11 Evidence at this point does not suggest that any dietary 
approach offers greater weight loss or improvements in 

Table I: Characteristics of effective MNT 1, 5 -12

Contact sessions:
A series of 3-4 encounters with a RD lasting from 45-90 minutes. This should start at diagnosis and should be completed within 3-6 months. The 
RD should determine whether additional encounters are needed. At least an annual follow up is recommended for reinforcement, monitoring and 
evaluation of outcomes. 

Assessment:
Age, gender, anthropometric measurements, weight history, associated conditions, glycaemic control, nutrition history (24- hour recall & food 
frequency questionnaire), economic status, lifestyle factors (e.g. work logistics), cultural eating patterns, activity pattern, psychological and cognitive 
factors impacting on eating behaviour, level of literacy, use of medication and supplements.

Education:
Acquiring good nutritional knowledge is the first step towards change. Patients need to develop an understanding of food composition, 
classification, how nutrients influence weight status, glycaemic control and associated conditions. The former serves to empower patients to make 
informed food choices.
Patients often know what to do, but find it difficult to apply the knowledge practically to achieve positive outcomes. Patients require practical tools 
such as a personalized, practical eating plan, 7-day-cycle menu, and a shopping list that meets the family’s lifestyle, culture, socio-economic status 
and food preferences. It is important to maintain the pleasure of eating by providing positive messages about food.

Monitoring:
Monitoring sessions provide accountability and assist the patient to formulate solutions to their barriers to adherence. The tools dietitians use 
includes; The 5 A’s approach (ask, assess, assist, advice and arrange), goal setting, self-monitoring (food diaries), cognitive restructuring, relapse 
prevention, incentives, motivational interviewing and modelling. Problem solving together with positive feedback and reinforcement enhance the 
patient’s level of self-efficacy, which is important to create and sustain healthy eating habits.

Table II: Characteristics of a High-Quality Dietary Pattern1, 14-28

Food Nutrient and health benefits / Consequences

High intake of fruit and vegetables: 
Minimum of 5 portions per day

Increase intake of fibre that enhance satiety, Phyto-nutrients, vitamins 
and minerals that combat oxidative stress. 

Starchy foods should be wholegrain: 
Corn, barley, pearl-wheat, rolled oats, unrefined maize, wild/brown rice 
and wholegrain breads

Contain B vitamins, vitamin E and fibre that improve glycaemic control 
and enhance satiety. 

Encourage intake of all types of fish: 
Especially fatty fish with a high omega 3 content such as sardines

Low saturated fat content, good source of protein, omega 3-fatty acids, 
selenium, magnesium and vitamin D

Encourage intake of legumes: 
Soya beans, a variety of dry beans, lentils and chick peas

Promote healthy lipid profile, good source of fibre and protein 

Use of low fat sugar free daily products: 
Low fat plain yoghurt and low fat milk

Provide calcium, vitamin D, and magnesium. Good source of protein 
with a low saturated fat content

Use of vegetable fats: 
Such as nuts and seeds, avocado pear, olives, plant oils (canola, olive, 
sunflower etc. Avoid tropical oils (e.g. coconut and palm cornel oil)

Replace saturated fatty acids in the diet with unsaturated fatty acids 
tend to reduce the risk of cardiovascular disease (CVD). Tropical oils 
contain LDL cholesterol raising fatty acids

Reduce intake of commercially hydrogenated fats: 
Commercially deep fried foods, fast foods and baked items contain high 
amounts of trans fatty acids

Trans fatty acids raise total and LDL cholesterol, decrease HDL 
cholesterol and increase inflammation. 

Reduce intake of processed meats and fatty red meat: 
Bacon, all types of sausages, polony and deli meats. 

High content of salt, nitrates, haem-iron and saturated fat. 

Reduce intake of sugars: 
Table sugar, honey, sugar sweetened beverages, fruit juices, sweets, 
desserts and baked goods

Poor nutrient content, contributes to poor glycaemic control, lipid 
profiles, obesity and inflammation. 

If alcohol is consumed it should be in moderation: 
Wine, spirits, beer etc. 

A high intake aggravates glycaemic control, hypertension and 
triglycerides. 
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glycaemic control.11 Low carbohydrate high fat diets require 
special attention due to their increasing popularity. A recent 
critical review of 9 meta-analyses was the first review to evaluate 
actual carbohydrate intake at the final follow up.13 The results 
indicated no significant difference in metabolic markers between  
high and low carbohydrate diets. Very low carbohydrate diets  
(< 50 g a day) were not adhered to as the mean carbohydrate 
intake of such diets ranged from 132 – 162 g per day. No 
study included in this review advocated an increased intake of 
saturated fats, and thus to recommend such a dietary approach 
would be inconsistent with the research on low carbohydrate 
diets.13

6.4 Nutritional Quality and Dietary Pattern

Despite the lack of superiority of any dietary approach, the overall 
quality of the prescribed eating plan needs to be considered (see 
Table 2). The synergistic effect from a variety of nutrients reduces 
the risk of developing complications associated with diabetes.14 

6.5 Nutrient Intake

See Table 3 for a brief overview of the recommendations for 
specific calorie and nutrient intakes.

6.6 Provision of Healthy Food to South Africans

Emerging research suggests the environment influences 
dietary intake.39 In South Africa 64.5% of women considered 
the cost of food when buying groceries.40 In contrast, nutritional 
content and overall health were considered by only 14.1% and  
14.3% of women respectively.40 South Africans consume a diet 
low in fruit and vegetables and high in fat, sugar and other refined 
carbohydrates such as mealie meal and both white and brown 
bread.40,41 A possible reason for this poor food consumption 
could be the high perceived-cost of healthy foods and lack of 
knowledge.41 Unless healthy food items are made available 
at an affordable price, education alone is unlikely to succeed 
in curbing national rates of obesity and type 2 diabetes. Thus, 
the SEMDSA Guidelines for MNT agree with the South African 

Table III: Recommended Nutrient Intakes

Nutrient Recommendations 

Calorie Restriction • For overweight/ obese adults reducing total energy intake (including carbohydrates, fat, protein and alcohol) is vital to 
promote weight loss29

• Calorie requirement should be individualised and calculated by a registered dietitian29

• A reduction of 350 – 500 kcal from maintenance requirements for patients with a BMI of 30 – 34 kg/m2 and 500 – 1000 kcal 
for patients with a BMI ≥40 kg/m2 in theory should result in a 10% weight loss over 6 months30

• Very low calorie diets (<800 kcal a day) have shown to be very effective in patients with diabetes, over 8 – 12 weeks under 
medical supervision31-34

• To achieve modest weight loss, an intensive lifestyle intervention (MNT, physical activity, behaviour modification with 
ongoing support is recommended1

Macronutrient 
Distribution 

• There is no ideal percentage of calories from carbohydrates, fat or protein11

• Intake should be individualised based on an assessment of the patient (see Table I) taking in consideration the patient’s 
lifestyle and metabolic goals1, 12

Carbohydrates • Monitoring / regulating carbohydrate intake remains a key strategy for glycaemic control1 
• Carbohydrate intake (both quality and quantity) should be individualised and guided by the patient’s glycaemic  

control1, 12, 13, 35

• Carbohydrates from whole grains, legumes, low fat milk, vegetables and fruit should be used instead of refined 
carbohydrates and carbohydrates with added sugar, fats and sodium1, 28, 36, 37

• Sugars (including fructose powder and high fructose corn syrup) should be ideally < 5 % of total energy intake per day to 
improve overall health. This equates to the sugar found in commercially products e.g. sauces, without adding additional 
sugar to the diet38

• The use of non -nutritive sweeteners (NNS) may reduce overall calorie and carbohydrate intake if substituted for caloric 
sweeteners. NNS are considered safe if used within the acceptable daily intake levels1 

• Often vitamins, minerals, herbs and spices are marketed as having clinical benefits for people with diabetes. There is 
however no evidence to support the use of such products and thus should not be included in the MNT1 

Fats • The type of fat consumed (saturated fat, monounsaturated fat and polyunsaturated fat) may be more important than total 
fat intake to prevent CVD1, 27, 36, 37

• Trans fatty acids should be avoided as far as possible1,18,25,27

• Replacing saturated fat with either monounsaturated fats or polyunsaturated fats tends to decrease the risk for CVD36, 37

• Replacing refined carbohydrates with monounsaturated fats or polyunsaturated fats tend to decrease the risk for CVD36, 37

• Saturated fat and refined carbohydrates tend to have a similar risk for CVD. However, replacing saturated fat with 
wholegrains tends to lower the risk36, 37

• A minimum of two servings of fatty fish per week is recommended to ensure an adequate intake of long chain omega 3 
fatty acids (EPA and DHA) which reduces risk factors for CVD1

Protein • For individuals with type 2 diabetes with normal renal function, there is no evidence to suggest that the usual 
recommended protein intake should be modified

• For adults with micro and macro albuminuria reducing protein intake to <0.8 g per kg / ideal body weight is not 
recommended. The former does not alter glycaemia, cardiovascular risk factors or the rate of glomerular filtration (GFR) 
decline.

Alcohol • If the patient decides to consume alcohol it should be in moderation (1 drink a day for women and 2 for men)1

• Alcohol may increase the risk of hypoglycaemia when used in combination with secretagogues and / or insulin. Patients 
need to be educated on how to consume alcohol safely1

Salt • For general health sodium intake, should be < 2300 mg a day1

• Further reductions in sodium intake may need to be individualised1
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National Obesity campaign to create an enabling environment 
that supports the availability and accessibility to healthy food 
choices in various settings.
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7.1 Introduction

Randomised controlled trials have demonstrated that physical 
activity can delay the progression of impaired glucose tolerance 
to type 2 diabetes, when combined with dietary changes.1 In 
patients with type 2 diabetes, regular physical activity significantly 
improves glycaemic control, reduces cardiovascular risk factors 
and may reduce chronic medication dosages.2 Regular physical 
activity may also improve symptoms of depression and improve 
health-related quality of life. These guidelines are adapted from 
the Canadian and American Diabetes Association’s guidelines.

7.2  Benefits of regular physical activity

Moderate to high levels of physical activity and cardiorespiratory 
fitness are associated with substantial reductions in morbidity 
and mortality in both type 13 and type 2 diabetes mellitus.4 
Large cohort studies have demonstrated that, in people with 
type 2 diabetes, regular physical activity and moderate to high 
levels of cardiorespiratory fitness are associated with reductions 
in cardiovascular and overall mortality of 39-70% over a 15 to 20 
year period.5-7

People with type 2 diabetes will derive the following benefits 
from regular physical activity:8-10

• Increased cardiorespiratory fitness
• Improved  glycaemic control
• Decreased insulin resistance
• Improved blood lipid profile
• Improved blood pressure
• Maintenance of weight loss
• Reduced abdominal and overall fat percentage 
• Improved well-being
• Decreased stress and anxiety 
• Improved mobility in overweight people 

7.3 Physical activity recommendations for people 
with type 2 diabetes.

People with type 2 diabetes should be advised to perform at least 
150 minutes per week of moderate-intensity aerobic physical 
activity, with the aim of achieving and maintaining a heart 
rate that is 50-70% of the maximum heart rate. In the absence 
of contraindications, people with type 2 diabetes should also 
be encouraged to perform resistance training three times per 
week.11 Table I and II summarises these recommendations. The 
maximum heart rate is calculated by subtracting the chronologic 
age from 220.12 

7.3.1 Exercise Prescription Details

Both aerobic and resistance exercise are recommended for most 
people with diabetes (Tables I and II). Walking is often the most 
popular and most feasible type of aerobic exercise in overweight, 
middle-aged, and elderly people with diabetes. For those who 
struggle with pain upon walking (e.g. due to osteoarthritis), 
semi-recumbent cycling may provide an alternative. For most 
middle-aged individuals, moderately brisk walking on level 
ground or semi-recumbent cycling would be an example of 
moderate aerobic exercise, while brisk walking up an incline or 
jogging would be vigorous aerobic exercise. 

Resistance exercise performed 2 or 3 times per week may 
provide benefits that complement those of aerobic training 
(e.g. increased strength and vigour, reduced body fat, increased 
resting metabolic rate).13,14,15 The studies reporting the greatest 
impact of resistance exercise on HbA1C had subjects progress to 
3 sets (with approximately 8 repetitions per set) of resistance-
type exercises at moderate to high intensity (i.e. the maximum 
weight that can be lifted 8 times while maintaining proper form), 
three (3) times per week16,17 or more.18,19 However, significant 
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reductions in HbA1C and body fat have been achieved with twice-
weekly resistance exercise in combination with regular aerobic 
exercise.10,20 The effects of resistance exercise and aerobic 
exercise on glycaemic control are additive.21 

Individuals who wish to begin resistance exercise should receive 
initial instruction and periodic supervision by a qualified exercise 
specialist where possible, to maximise benefits while minimising 
risk of injury. A meta-analysis of trials evaluating resistance 
exercise with less supervision reported less beneficial impact 
on glycaemic control, insulin resistance and body composition 
than studies with greater supervision.14 Individuals with diabetes 
should be encouraged to increase the amount of activities of 
daily living, such as housework, gardening and walking around 
shopping centres and the office at regular intervals. All people 
with diabetes, should be encouraged to reduce sedentary 
time, particularly by breaking up extended amounts of time  
( >90 mins) spent sitting.22

7.4 Minimising the risk of exercise related adverse 
events

7.4.1 General

Patients with multiple cardiovascular risk factors, should be 
assessed before an exercise programme is recommended.8 

Certain conditions might be contraindications to specific types 
of exercise, or predispose to injury:

• Uncontrolled hypertension

• Severe autonomic neuropathy

• Severe peripheral neuropathy or history of foot ulcers

• Unstable proliferative retinopathy

• Orthopaedic injuries.

The patient’s age and previous physical activity level should also 
be taken into account. 

In general ECG stress testing may be indicated for individuals 
matching one or more of these criteria:24

Age > 40 years , with or without CVD risk factors other than 
diabetes

Age > 30 years and Type 2 diabetes of >10 years duration

Hypertension

Cigarette smoking

Dyslipidaemia

Proliferative or pre-proliferative retinopathy

Nephropathy, including microalbuminuria

Any of the following, regardless of age

Known or suspected coronary artery disease (CAD, 
cerebrovascular disease, and/or peripheral arterial 
disease)

Autonomic neuropathy

Advanced nephropathy with renal failure.

7.4.2 Exercise in the Presence of Specific long-term 
complications:  

Diabetic Retinopathy 

In the presence of proliferative diabetic retinopathy (PDR) or 
severe non-PDR (NPDR), vigorous aerobic or resistance exercise 

Table I: Aerobic exercise recommended for individuals with type 2 diabetes23

Definition Intensity Frequency Examples

Activities that consist of rhythmic, 
repetitive and continuous 
movement of the same large 
muscle groups for at least 10 
minutes at a time

Moderate: 50-70% of maximum 
heart rate

Minimum 150 minutes per week Cycling, brisk walking, continuous 
swimming, dancing, water 
aerobics, raking leaves

Or

Vigorous: > 70% of maximum 
heart rate

Minimum 75 minutes per week Brisk walking up an incline, 
jogging, aerobics, hockey, 
basketball, fast swimming, fast 
dancing

Or

Equivalent combination of moderate and vigorous aerobic exercise

Table II: Resistance exercise recommended for individuals with type 2 diabetes23

Definition Recommended Frequency Examples

Activities of brief duration involving the use of 
weights, weight machines or resistance bands 
to increase muscle strength and endurance.

Two to three times per week:
• Start with one set using a weight which 

you can perform 15-20  repetitions while 
maintaining proper form.

• Progress to two sets and decrease the number 
of repetitions to 10-15 while increasing the 
weight slightly. If you cannot complete the 
required repetitions while maintaining proper 
form reduce the weight.

• Progress to three sets of 8 repetitions 
performed using an increased weight, 
ensuring proper form is maintained.

Exercise with weight machines.

Free weight lifting. 

Thera-Band® exercises.

a Resistance exercise should only be attempted if there are no contraindications to this kind of activity 
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may be contraindicated because of the risk of triggering vitreous 
haemorrhage or retinal detachment.25 These include jumping, 
jarring and head-down activities.11

Peripheral Neuropathy

Decreased pain sensation and a higher pain threshold in the 
extremities result in increased risk of skin breakdown and 
infection and of Charcot joint destruction with some forms of 
exercise. However, studies have shown that moderate-intensity 
walking may not lead to increased risk of foot ulcers or re-
ulceration in those with peripheral neuropathy.26 In addition, 
150 min/week of moderate exercise was reported to improve 
outcomes in patients with milder forms of neuropathy.27 All 
individuals with peripheral neuropathy should wear proper 
footwear and examine their feet daily to detect lesions early. 
Anyone with a foot injury or open wound should be restricted to 
non–weight-bearing activities.

Autonomic Neuropathy 

Autonomic neuropathy can increase the risk of exercise-induced 
injury or adverse event through decreased cardiac responsiveness 
to exercise, postural hypotension, impaired thermoregulation, 
impaired night vision due to impaired papillary reaction, 
and higher susceptibility to hypoglycaemia.28 Cardiovascular 
autonomic neuropathy (CAN) is also an independent risk factor 
for cardiovascular death and silent myocardial ischemia.29 

Therefore, individuals with diabetic autonomic neuropathy 
should undergo cardiac investigation before beginning physical 
activity more intense than that to which they are accustomed.

Albuminuria and Nephropathy

Physical activity can acutely increase urinary protein excretion. 
However, there is no evidence that vigorous exercise increases 
the rate of progression of diabetic kidney disease.  Furthermore, 
there is no need for any specific exercise restrictions for 
people with diabetic kidney disease, unless there are other 
complications.30

7.4.4 Hypoglycaemia

In individuals taking insulin and/or insulin secretagogues, 
physical activity can cause hypoglycaemia if the medication dose 
is not reduced or carbohydrate consumption is not increased.8 In 
these individuals, if pre-exercise blood glucose levels are below 
5.5 mmol/L, approximately 15-30 g carbohydrate should be 
ingested before exercise. (The actual amount will be dependent 
on injected insulin dose, exercise duration and intensity, and 
results of blood glucose monitoring).23 

In individuals whose diabetes is controlled by lifestyle or oral 
hypoglycaemic agents that do not increase insulin levels, the risk 
of developing hypoglycaemia during exercise is minimal, and 
most individuals will not need to monitor their blood glucose 
levels or be required to supplement with carbohydrate for 
exercise lasting < 1 hour.23

7.5 Physical activity counselling and motivation

Studies have found that structured physical activity counselling 
by a physician36, skilled healthcare personnel or case managers31,32 

increased physical activity levels, improved glycaemic control33, 
reduced the need for oral anti-hyperglycaemic agents and 
insulin, and produced modest but sustained weight loss.33 
Patients should be encouraged to set specific physical activity 
goals, anticipate likely barriers to physical activity (e.g. weather, 
competing time commitments) and develop strategies to 
overcome these barriers.34 Having patients record their daily 
physical activity has been shown to increase physical activity 
levels and improve self-efficacy (confidence in one's own 
ability to successfully carry out a behaviour).35 Self-efficacy is a 
very strong cognitive predictor of both aerobic and resistance 
exercise participation in people with diabetes.35 However, the 
impact of physical activity counselling on glycaemic control, 
fitness, body composition and lipids is not as significant as that 
achieved through a supervised aerobic and resistance exercise 
programme.36 Having social support (e.g. exercising with a friend 
or partner) facilitates and aids in motivating regular physical 
activity.37
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Introduction 

The primary purpose of treating glycaemia in patients with 

type 2 diabetes mellitus is to reduce blood glucose sufficiently 

to relieve any symptoms of hyperglycaemia, but mostly to 

prevent or delay the onset of microvascular and macrovascular 

complications (when treatment is started early in the course 

of the disease). To achieve these goals, targets need to be set 

for both short and long term glucose control. This will prevent 

the tendency to under treat patients. This section outlines 

appropriate targets for long-term glycaemic control as assessed 

by glycated haemoglobin A1C (HbA1c), and the appropriate blood 

glucose levels needed to attain those targets. Refer to Chapter 3 

for a discussion on HbA1c measurement.

HbA1c targets

Understanding the need for individualised HbA1c targets

Type 2 diabetes is diagnosed on the basis of elevated blood 

glucose and HbA1c levels that predict a significantly increased 

risk of microvascular disease;1 by the time the HbA1c exceeds 

7.5%, the risk of microvascular disease is increased 2.5-5 fold.2,3 

Type 2 diabetes is also a strong risk factor (2-4 fold increased risk) 

for cardiovascular disease,4–6 although this risk is present even in 

the prediabetes stage.7 The incidence of both microvascular and 

cardiovascular disease rises with the degree of hyperglycaemia,1 

making it a reasonable hypothesis that lowering blood glucose 

will reduce complications.

SEMDSA 2017 Recommendations 

Involve the patient with type 2 diabetes in the discussion about setting glycaemic goals, taking into account the 
duration of their diabetes, general health status, life expectancy and risk of hypoglycaemia. 

C

Aim to achieve and maintain a target HbA1c ≤ 7% in most patients, to prevent microvascular disease. A

Achieving an HbA1c target ≤ 7 earlier in the course of type 2 diabetes will also reduce macrovascular disease and 
mortality. 

B

In newly diagnosed patients in good general health the target HbA1c should be <6.5% to prevent further retinopathy 
and nephropathy, provided it can be achieved safely. 

A

A target HbA1c of 7.1 to 8.5% may be acceptable for the elderly, the frail, those with limited life expectancy, multiple 
co-morbidities, severe vascular disease, advanced chronic kidney disease, recurrent severe hypoglycaemia, or 
hypoglycaemic unawareness. 

B

Monitor the HbA1c at least every 6 months in patients with stable glycaemic control who are maintaining their target, 
and at 3 month intervals in patients who are not at target in whom interventions have intensified. 

C

Self-monitoring of blood glucose (SMBG) should be encouraged but optimal use requires regular review and 
interpretation by both the patient and health care provider. 

C

SMBG targets should be individualised to achieve the appropriate HbA1c target. For individuals with an HbA1c target 
of ≤ 7%, the recommended fasting/preprandial SMBG target is 4.0 to 7.0 mmol/L and the post-prandial SMBG targets 
is 5.0 to 10 mmol/L. These targets can be adjusted based on the individual’s response. 

C

Patients using insulin 2-4 times a day should perform SMBG at least 3 times a day. B

Patients on basal insulin must perform SMBG at least once a day (fasting glucose), in order to titrate their doses. More 
frequent testing may be needed to monitor for post-prandial hyperglycaemia.

B

For individuals on oral agents, SMBG should be initiated as part of an overall education process but for most patients 
3-5 tests a week is all that may be required. 

C

More intensive testing is necessary in certain situations, such as acute illness, periods of poor glycaemic control, 
fasting, frequent hypoglycaemia and pregnancy. 

C
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Randomised controlled trials of intensive versus non-intensive 
glycaemic control have provided convincing evidence for 
microvascular disease risk reduction. The Kumamoto,8 United 
Kingdom Prospective Diabetes Study (UKPDS),9 Action in 
Diabetes and Vascular Disease: Preterax and Diamicron 
MR Controlled Evaluation (ADVANCE),10 Action to Control 
Cardiovascular Risk in Diabetes (ACCORD)11 and Veterans Affairs 
Diabetes Trial (VADT)12 achieved HbA1c levels between 6.4% and 
7.1% and all demonstrated microvascular benefits. 

The relationship between intensive glucose control and 
cardiovascular disease is not as clear. In the UKPDS, early intensive 
glycaemic control reduced cardiovascular events and mortality 
in recently diagnosed individuals over 10 years of treatment, 
but the reduction was only statistically significant after a further 
10 years of observation, even though patients were no longer 
intensively controlled.13,14 

Further observational analysis of the UKPDS confirmed that 
every 1% reduction of HbA1c was associated with reductions 
in risk of 21% for any end point related to diabetes, 21% for 
deaths related to diabetes, 14% for myocardial infarction, and 
37% for microvascular complications. No threshold of risk was 
observed for any end point, and the lowest risk of complications 
was predicted to occur at an HbA1c of 6.0%. Yet these expected 
cardiovascular and mortality benefits were not evident in 
ACCORD, ADVANCE and VADT.12,15,1610,251 patients (mean age, 
62.2 years In fact, the ACCORD study was stopped prematurely 
because of an unexplained increase in mortality. 

These trials have been reviewed and analysed extensively to try to 
understand their lack of cardiovascular and mortality benefit.17–19 
What is known is that they included older individuals (mean age 
> 60 yrs) with long diabetes duration (8.5 to 10 yrs); more than 
a third already had established cardiovascular disease; non-
glycaemic risk factors such as blood pressure and dyslipidaemia 
were better treated than in previous cardiovascular outcomes 
trials; and the total number of vascular events was lower than 
expected. Further sub-group and post-hoc analysis of these 
trials show that patients with shorter diabetes duration, better 
glycaemic control and no / lesser degrees of cardiovascular 
disease at baseline benefitted more from the intensive 
intervention.20–22 All three studies reported higher rates of 
severe hypoglycaemia in the intensively treated group. Severe 
hypoglycaemia was a strong risk factor for cardiovascular events 
and mortality, but more so in the cohorts that were not treated 
intensively.23,24 

Longer-term follow-up (up to ten years post-trial) in UKPDS 
showed significant reductions cardiovascular events and 
mortality despite the loss of intensive glycaemic control; 
ADVANCE remained neutral for cardiovascular events and 
mortality25 but lowered the rate of end-stage renal disease;26 the 
VADT cohort showed a reduction in the risk of cardiovascular 
events;27 and ACCORD had a neutral effect for cardiovascular 
events and no further increase in mortality.28  

An interpretation summary after a review of the current evidence 
would be as follows:

1. Intensive glycaemic control significantly reduces 
microvascular outcomes (especially diabetic kidney disease 
and retinopathy), even in older individuals and those with 
diabetes of longer duration, with clinical trial evidence of 
benefit at HbA1c levels as low as 6.4%, and observational trial 
benefits at HbA1c levels as low as 6.0%.8,9,11,12,16,29

2. Intensive glycaemic control earlier in the course of diabetes 
appears to have a “legacy effect” whereby an earlier period of 
intensive control results in better outcomes many years later, 
even after glycaemic control may have deteriorated.13,14,27

3. Long-term macrovascular and mortality benefits are more 
likely to accrue when intensive glycaemic control is achieved 
earlier in the course of diabetes and in the absence of 
established cardiovascular disease,9,13 rather than later.12,15,16

4.  Severe hypoglycaemia is a strong risk factor for cardiovascular 
events and mortality in patients fitting the profile of the 
ACCORD, ADVANCE and VADT cohort (age 60+ yrs; diabetes 
duration > 8yrs; high prevalence of cardiovascular disease 
or risk factors).12,15,16 Despite numerous analyses, causality 
between severe hypoglycaemia and outcomes has not 
been proven.17,23,24,30,31 It is equally possible that severe 
hypoglycaemia may be a marker of patient vulnerability i.e. 
that patients who are ill and at risk for mortality, are more 
likely to develop severe hypoglycaemia.16 Nevertheless, it 
remains a risk factor for cardiovascular events and mortality 
and must be avoided.

5.  Targeting intensive glycaemic control (HbA1c <6.5%) in 
individuals with longer duration of diabetes (> 8 years) or 
those with very high cardiovascular risk, does not improve 
cardiovascular or mortality outcomes,16 and may be harmful 
when done aggressively.15 In these patients with advanced 
disease, the aim should be to achieve the lowest HbA1c 
reasonably possible to prevent microvascular disease, 
without causing hypoglycaemia.17

6.  Optimal treatment of non-glucose risk factors, such as 
smoking, dyslipidaemia, hypertension and pre-existing 
cardiac or vascular disease probably led to an overall 
reduction in the expected number of vascular events in 
the trials discussed above.17 These risk factors are often 
present before the diagnosis of diabetes, which is when 
cardiovascular risk increases. They should be sought early 
and managed aggressively. A multifactorial intervention 
does best at improving patient outcomes.32 

Choosing individualised HbA1c Targets 

The discussion above provides the basis for individualised goals 
of treatment and HbA1c targets.

• For the majority of patients, the recommended HbA1c 
target is <7 % to prevent microvascular complications, and 
macrovascular complications when intensive treatment is 
instituted early in the course of the disease.13 

• For newly diagnosed patients in good general health and 
reasonable life expectancy an HbA1c target of <6.5 % is 
reasonable to aim for to further reduce microvascular 
risk, provided it can be achieved safely.16,11,22,29 As a guide, 
reasonable life expectancy may be defined as being longer 
than the time taken to achieve benefit in clinical trials, which 
for UKPDS-33 was 10 years.9  
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• For those who are frail, have a high level of dependency, multiple 
comorbidities, severe cardiac or vascular disease, advanced 
renal disease, limited life expectancy or hypoglycaemic 
unawareness, an HbA1c target between 7.1% and 8.5% may be 
reasonable. For palliative care, for example, the aim would be 
simply to avoid symptomatic hyperglycaemia.

Figure I illustrates some of the factors that need to be considered 
when discussing individualised HbA1c targets with the patient.

Blood Glucose Targets

Fasting plasma glucose (FPG) ≤6.0 mmol/l is generally classified 
as “normal” using the WHO criteria. While a meta-analysis of 38 
prospective studies has found an association of increased risk of 
CV events with a FPG >5.5 mmol/l34, the Diabetes Epidemiology: 
Collaborative analysis Of Diagnostic criteria in Europe (DECODE) 
Study suggested a FPG below 7.0 mmol/l is low-risk for CVD35. 
Overall, a fasting or pre-prandial (before a meal) target of  
4.0-7.0 mmol/l is recommended.36 In non-diabetic individuals, 
the peak post-prandial Glucose (PPG) generally does not exceed 
7.8 mmol/l. However, the DECODE Study has demonstrated a 
linear progression between the post-glucose load glucose level 
and CVD with no ‘lower’ limit cut-off.12 The International Diabetes 
Federation (IDF) recommends a PPG target of <9.0 mmol/l,37 
while the American Diabetes Association (ADA) recommends a 
PPG target of ≤10 mmol/l.38 The actual target to be aimed for will 
depend on the target HbA1c (see Table I).

Monitoring glycaemic control using HbA1c 

HbA1c reflects average levels of glycaemia over 2-3 months and 
should be performed routinely in all patients with diabetes, 
both at the initial appointment and then regularly as part of 
continuing care, to aid in therapeutic decisions. The frequency 

of HbA1c testing is dependent upon the clinical situation and 
response to therapy, but should not be done less than every 6 
months.

Recommendations:

• HbA1c should be checked every 6 months in patients with 
stable control who are meeting their target goal 

• HbA1c should be checked at 3 month intervals in patients who 
are not reaching their target goal and in whom therapy has 
been changed or intensified.

• Point-of-care testing can be used for monitoring (but not 
diagnosis), provided that assay and measurement standards 
are met (Refer to Chapter 3).

Understanding HbA1c and average glucose

The level of HbA1c at any point in time is contributed to by all 
circulating erythrocytes, from the oldest (120 days) to the 
youngest. HbA1c is a “weighted” average of blood glucose levels 
during the preceding 120 days of the erythrocytes’ life span, 
meaning that glucose levels in the preceding 30 days contribute 
substantially more to the level of HbA1c than do glucose levels 
from 90-120 days earlier. This explains why the level of HbA1c 
can increase or decrease relatively quickly with large changes 
in glucose; it does not take 120 days to detect a clinically 
meaningful change in HbA1c following a clinically significant 
change in average glucose.

The HbA1c assay is now a well-standardised test and a useful 
tool for guiding therapy and predicting outcomes. However, 
its interpretation is not intuitive, as practitioners and patients 
are more familiar with discussing glucose levels rather than a 
percentage test. Understanding the relationship between HbA1c 
and average glucose can be useful in educating patients and 
adjusting therapy. The correlation between HbA1c and average 
glucose is strong enough to justify reporting both the HbA1c 
result and an estimated average glucose (eAG) result when a 
clinician orders the HbA1c test. Laboratories are now encouraged 
to report both values.

Table II shows the correlation of various levels of HbA1c with the 
corresponding eAG values (A calculator for converting HbA1c 
results into eAG is available at http://professional.diabetes.org/
GlucoseCalculator.aspx).

Figure I: Selection of HbA1c Targets according to risk (adapted from Ismail-Beigi et al33)

Patient features < 6.5 % < 7 % 7 - 8 %

Risks of hypoglycaemia / drug interactions Low High

Disease duration Newly diagnosed Long Standing

Life expectancy Long Short

Major comorbidities Absent Severe

Established macrovascular disease Absent Severe

Patient attitude
Highly motivated
Adherent
Good self-care capacity

Not motivated
Non-adherent
Poor self-care capability

Resources and support Readily available Limited

Table I: Average Fasting and Post-prandial glucose levels in relation 
to HbA1C

Target HbA1c Target FPG Target PPG

< 6.5 % 4.0-7.0 mmol/l < 8 mmol/l

< 7 % 4.0-7.0 mmol/l < 10 mmol/l

< 8 % 4.0-7.0 mmol/l < 12 mmol/l
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Table II: Estimated average glucose levels in relation to HbA1c (from: 
Nathan DM et al39)

HbA1c (%) eAG (mmol/l)

6 7.0

7 8.6

8 10.2

9 11.8

10 13.4

11 14.9

12 16.5

Limitations of HbA1c

The HbA1c is dependent upon the lifespan and turnover time of 
the red blood cells. In situations of altered red blood cell turnover 
time (such as anaemia’s, blood loss, renal failure etc.) and when 
haemoglobinopathies are present, the HbA1c may not be a true 
reflection of prevailing levels of glycaemia. When the HbA1c is 
discrepant with the results of self-monitoring of blood glucose 
(SMBG), the clinician should consider the above possibilities and 
request laboratory screening for a possible haemoglobinopathy. 
The HbA1c also does not measure the frequency or severity of 
hypoglycaemia or glycaemic variability and thus results must be 
interpreted together with SMBG records and the patient history.

Monitoring of glycaemic control using SMBG

SMBG for individuals on insulin

SMBG is an essential and integral part of effective therapy and 
will help drive treatment decisions and insulin dose adjustments. 
However, optimal use of SMBG requires regular review and 
interpretation by both the patient and doctor or diabetes nurse 
educator. The frequency depends on the insulin regimen being 
used:

• In those individuals injecting insulin two to four times per 
day, testing should be undertaken at least three times per  
day.40,41

• In those individuals on once-daily insulin, with or without 
oral hypoglycaemic agents, there is insufficient evidence 
regarding when or how often to prescribe SMBG. However, it 
is generally recommended that once-daily testing, first thing 
in the morning, should be done to assess the efficacy of the 
basal insulin dose. 

• Should the HbA1c be above target in the face of a satisfactory 
fasting glucose, a second test should be performed 
after the largest meal of the day to exclude postprandial 
hyperglycaemia. However, it is considered unnecessary to 
perform a postprandial test if the HbA1c is at target.42

SMBG for individuals on oral glucose lowering drugs 

Evidence is conflicting, and there are numerous publications 
discussing the advantages and disadvantages of SMBG in 
patients being treated with oral hypoglycaemic agents. 43-

45 However, in those who were recently diagnosed, SMBG46 
and structured testing combined with appropriate patient 
education has been shown to be of benefit.47-50 A meta-analysis 
of appropriate studies has suggested that in patients on oral 
agents, the HbA1c may be reduced by 0.25 % at 6 months. 
Performing SMBG alone without appropriate education does 
not reduce blood glucose levels without concurrent education. 

The IDF (2009)42 recommends that SMBG should only be used in 
patients who have been taught the skills to incorporate SMBG 
into their diabetes care plan. It should be considered at the time 
of diagnosis to enhance understanding, and ongoing SMBG 
may assist patients in understanding and participating in their 
care. However, SMBG protocols should be individualised and the 
purpose of using SMBG should be agreed upon by the patient 
and the healthcare provider.

SMBG Recommendations

• SMBG should only be initiated in patients on oral agents only, 
when prescribed as part of an overall educational process (C) 

• For most patients, 3-5 tests per week (<25 strips per month) is 
all that may be required (C)

• Testing must be structured and meaningful

• Patients need to understand their (glycaemic) targets and know 
what to do if these are not being achieved.

Circumstances demanding more frequent SMBG

In certain situations it may be necessary to advocate more regular 
testing which may be up to 4 times a day or more. These include:

• Acute illness

• Periods of poor glycaemic control

• Frequent hypoglycaemic episodes

• Pregnancy

• Adjustments to therapy.

Continuous glucose monitoring

Continuous Glucose Monitoring (CGM) may be done either to 
assess retrospective glycaemic control to aid in therapeutic 
decisions or to assess the results of changes in therapy. This 
is seldom employed in patients with type 2 diabetes. Longer 
term CGM is primarily employed in unstable type 1 patients 
to allow patients real time monitoring of glucose profiles. It 
may be useful in insulin-treated type 2 diabetes patients who 
have hypoglycaemia unawareness, or unexplained discrepant 
HbA1c and SMBG recordings. Should the need for CGM be 
deemed necessary, these patients should be referred to an 
endocrinologist for further assessment and management.
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9. Glucose Control: non-insulin therapies
This chapter summarises information for each of the non-insulin drug classes that are used for blood glucose control. Each summary 
is accompanied by a table of recommendations to guide the clinical use of these medications. For the sake of completeness, and 
for those that are interested, we have included a more detailed review of each drug as an appendix to each summary. These can be 
found in the Appendix section of the guidelines. The treatment recommendations for each drug have been incorporated into the 
treatment algorithm in Chapter 11. The following abbreviations are used in this chapter:
DPP-4: dipeptidyl peptidase-4
GLP-1: glucagon-like peptide-1

SGLT2- sodium-glucose linked transporter-2

9.1: Drug Summary – Metformin 
SEMDSA Type 2 Diabetes Guideline Expert Committee

(Refer to appendix 9.1 for full text and references)

Mechanism of Action Metformin targets the liver, skeletal muscle and the gut to reduce hepatic glucose output, increase skeletal muscle 
glucose uptake, increase GLP-1 levels and reduce glucose absorption. 

Glycaemic efficacy and 
indications

Mean HbA1C reductions
•  As monotherapy vs. placebo: -1.1%
•  As add-on therapy to other non-insulin agents: -0.9%
•  Ass add-on to insulin: -0.6%

Cardiovascular outcome 
trials

Proven superiority vs. diet alone in obese patients - reduced all-cause mortality, diabetes related mortality and 
myocardial infarction, but not peripheral vascular disease or microvascular disease.
Proven superiority vs. SU and insulin in obese patients: reduced all cause mortality and stroke, but not myocardial 
infarction, diabetes-related deaths, peripheral vascular disease or microvascular disease.
Safety when added to SU’s (glibenclamide and chlorpropamide) is unclear.

Hypoglycaemia No severe hypoglycaemia as monotherapy. Some patients may have symptoms of hypoglycaemia. Can potentiate the 
hypoglycaemic effect of insulin or insulin secretagogues.

Weight Weight neutral or causes modest weight loss (-1.2kg). No weight loss in non-diabetic individuals.

Non-glycaemic benefits

Improves lipid profile.
Reduces cancer rates in population studies. 
May improve outcomes in mild to moderate heart failure; Improves laboratory measures of inflammation, 
coagulation, oxidative stress, endothelial function and tumour suppression; cancer rates are lower.

Side Effects and 
Precautions

Gastrointestinal (GI) side-effects are common, are not dose-dependent, and occur in 20-30% of patients (diarrhoea, 
nausea, vomiting, cramping, bloating and flatulence). Up tp 10% will discontinue therapy due to GI side effects. 
Switching to an extended release formulation improves GI tolerability and adherence.

Lactic Acidosis is rare with current usage (0.04 cases per 1000 patient years) and not different to non-metformin users.
Metformin should be discontinued at the time of, or before an iodinated contrast imaging procedure or general 
anaesthesia in the following categories of patients: those with an eGFR < 60 mL/minute/1.73 m2; those with a history 
of liver disease, alcoholism, or heart failure; those who will receive intra-arterial iodinated contrast.  Re-evaluate eGFR 
48 hours after the procedure and restart metformin if renal function is stable and the patient is eating normally.

Can cause low levels of serum vitamin B12 in 7-30% of long-term users, but is rarely associated with the clinical 
features of vitamin B12 deficiency. The exact mechanism and significance is unknown. There is no recommendation 
to screen for vitamin B12 deficiency routinely. Investigate and manage vitamin B12 deficiency according to standard 
clinical practice, with a high index of suspicion in patients who are vegetarian or anaemic, or have peripheral 
neuropathy.

Dosing and prescribing

Metformin (standard release): Dose range is 500 mg/day to 3 000 mg/day in two or three divided doses with meals. 
Optimum glycaemic efficacy is achieved with 2 000 mg/day; few patients have additional glycaemic benefit with 
higher doses. The optimum dose for cardiovascular benefit in obese patients is 2 550mg/day.

Metformin extended-release: Dose range is 500 mg/day to 2 000 mg/day as a single dose with the evening meal. The 
2 000mg dose can be split to 1000mg twice daily without losing efficacy.

Start with 500 mg/day of standard metformin tablets, and increase the dose by 500 mg every one to two weeks 
to minimise side effects. If GI side effects occur reduce the dose and re-titrate slowly. If GI disturbances persist try 
switching to the extended-release formulation.

Renal dosing

eGFR ≥60 ml/min 45-60 ml/min 30-45 ml/min < 30 ml/min

Standard dosing.
Monitor eGFR annually

Standard dosing.
Monitor eGFR  
3 to 6 monthly

Maximum dose:  
1000 mg/day

Monitor eGFR 3 to 6 
monthly

Metformin is 
contraindicated
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SEMDSA 2017 Recommendations for metformin
Initiate standard-release metformin therapy in all newly diagnosed obese patients with type 2 diabetes. A
Initiate standard-release metformin therapy in all newly diagnosed non-obese patients with type 2 diabetes. C
Dosing: Start with 500 mg once daily and up-titrate the dose slowly every 10 to 14 days until glycaemic targets are 
met or side effects occur. Few patients will achieve and maintain glycaemic targets with 500 mg once daily. Most 
patients will require1000 – 2550 mg per day in two or three divided doses. The optimum dose for cardiovascular 
benefit in obese patients is 2550 mg/day (850 mg TDS). 

B

If gastrointestinal (GI) adverse events are limiting, try temporarily reducing or discontinuing the drug, and re-
titrate when the GI disturbances resolve.  The GI side-effects with metformin extended-release is not different to 
the standard release when used as initial therapy; however patients who switch due to the extended release may 
have improved tolerability. If GI disturbances remain intolerable with standard metformin tablets, try switching to a 
metformin extended release (XR) formulation and titrate the dose every 10-14 days again.

B

The extended release formulation should be dosed once daily with the evening meal at a dose not exceeding 2000 
mg/day. The 2000 mg dose can be taken as 1000 mg twice a day without disadvantages if the patient so prefers. 
Patients not achieving their glycaemic target with 2000 mg of the extended release may benefit from switching to a 
higher dose of the standard release metformin. 

B

Monitor renal function (eGFR) in all patients at least annually. Do not exceed 1000 mg/day if the eGFR is  
30-45 ml/min/1.73m2. Stop metformin therapy if the eGFR is < 30 ml/min/1.73m2.

B

The significance of low serum vitamin B12 levels associated with long-term metformin use is not known. Measure and 
treat whenever clinically appropriate.

B

Profile of the patient in whom metformin may not be a preferred option: 

 ◦ Patients with irritable bowel syndrome or other chronic gastrointestinal disorders

 ◦ Normal weight individuals who do not wish to lose weight

 ◦ Patients at high risk for lactic acidosis (severe heart, lung, liver, renal or peripheral vascular disease)

 ◦ There is a history of metformin intolerance.

C

Do not persist with any chosen treatment if the HbA1C has not decreased by > 0.5% after six months 
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9.2: Drug Summary – Gliclazide modified-release  
SEMDSA Type 2 Diabetes Guideline Expert Committee

(Refer to appendix 9.2 for full text and references)

Mode of action Gliclazide modified-release is a sulphonylurea (SU) and insulin secretagogue that binds selectively to the 
sulphonylurea receptor-1A (SUR1A) binding-site of KATP channels on pancreatic beta cells resulting in membrane 
depolarization, calcium influx and exocytosis of stored insulin.

Glycaemic efficacy and 
indications

When used as monotherapy or as add-on to other non-insulin glucose lowering drugs the mean HbA1C 
reduction is -1% with sustained efficacy beyond 2 years.

Cardiovascular outcome trials

The ADVANCE study, using a gliclazide modified-release intensive treatment strategy achieved an HbA1C target 
of 6.5% (vs. 7.3% for conventional treatment) and demonstrated a significant reduction in microvascular 
outcomes (and therefore also the combined microvascular and macrovascular outcomes), driven mainly by the 
reduction in the incidence of nephropathy.
There have been no dedicated cardiovascular safety studies with any sulphonylurea. Meta-analyses of 
observational and randomized controlled trials consistently demonstrate that gliclazide has a better 
cardiovascular safety profile than glibenclamide and glimepiride.

Hypoglycaemia
Gliclazide modified-release increases the risk of hypoglycaemia when used as monotherapy or combination 
therapy, but this is significantly lower when compared to glibenclamide and glimepiride. The rates of 
hypoglycaemia increase with lower glycaemic targets.

Weight Weight change ranges from 0 to +1.5 kg. Mean weight gain in a meta-analysis of RCTs was 0.5kg.

Non-glycaemic benefits
Gliclazide modified-release increases peripheral insulin sensitivity, decreases hepatic glucose production, 
inhibits platelet aggregation and adhesion, increases t-PA activity and has antioxidant effects. There are also 
reports of possibly a lower cancer risk compared to other SUs and insulin.

Side Effects and Precautions
Side-effects apart from hypoglycaemia and weight gain are rare. Cross-reactivity with sulphonamide antibiotic 
allergy is uncommon and is not a contra-indication. 
Do not use with advanced liver disease because of hepatic metabolism.

Dosing and prescribing

• The usual starting dose for gliclazide modified-release is 30 to 60 mg administered once daily with the 
morning meal. 

• Consider starting with the higher (60 mg) dose when the HbA1C target is more than 0.5% from the prevailing 
HbA1C level, or if the patient is has symptomatic hyperglycaemia.

• The dose can be escalated by 30 to 60mg every one to four weeks, guided by fasting glucose levels.
• The maximum dose is 120 mg administered once daily with the morning meal.
• If mild hypoglycaemia occurs unexpectedly reduce the dose by 30 to 60 mg.
• A single episode of severe hypoglycaemia or recurrent episodes of mild hypoglycaemia would be a strong 

indication to switch to an alternative glucose lowering drug.
• The 60 mg tablets are scored and can be broken to improve cost effectiveness. 

Renal dosing

Current guidelines recommend that gliclazide modified-release can be used at all stages of chronic kidney 
disease using standard dosing guidelines. Caution is advised however, when the eGFR is  
< 30 ml/min/1.73m2, and these patients with CKD stage 3 or worse should be managed with specialist 
supervision.

Cost of cheapest formulation at 
maximum dose

R93.00 for 120 mg (Single exit price as at March 2017). 
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SEMDSA 2017 Recommendations for sulphonylureas

The sulphonylurea of choice should be gliclazide modified-release because:

 ◦ It has equivalent efficacy compared to other sulphonylureas.

 ◦ It is consistently associated with lower rates of hypoglycaemia and better cardiovascular and renal safety relative 
to other sulphonylureas.

 ◦ It has proven benefits for long-term microvascular disease outcomes.

A

Glibenclamide must not be used at primary care level. A

Consider gliclazide modified-release as initial monotherapy when metformin is not tolerated or is contraindicated. B

Consider gliclazide modified-release as add-on (dual therapy) to metformin (or other initial drug therapy) in most 
patients not achieving or maintaining their glycaemic targets.

A

If not already in use, consider gliclazide modified-release as a third glucose lowering drug. A

To convert treatment from another sulphonylurea to gliclazide modified-release, use the following dose conversion:

 ◦ Glibenclamide 5 mg ≈ Gliclazide modified-release 30 mg

 ◦ Glimepiride 1-2 mg ≈ Gliclazide modified-release 30 mg

C

Only continue gliclazide modified-release beyond stage 3 chronic kidney disease (when the eGFR is less 30 ml/min/m2) 
with specialist supervision.

C

Circumstances where gliclazide MR may be preferred to other treatment options: 

 ◦ Gliclazide MR should be the preferred second drug for the majority of patients with type 2 diabetes.

 ◦ At diagnosis when rapid control of hyperglycaemic symptoms is required.

C

Circumstances where gliclazide MR may not be the preferred option:

 ◦ The individualised glycaemic target is ≤ 6.5% (as the risk of hypoglycaemia may be unacceptably high with this 
target).

 ◦ There is a history of severe hypoglycaemia or hypoglycaemia unawareness.

 ◦ There is a history of recurrent hypoglycaemia (any degree) despite dose adjustments.

 ◦ The risk of hypoglycaemia is high and/or its consequences are severe.

 ◦ The patient has advanced liver disease.

Do not persist with any chosen treatment if the HbA1C has not decreased by > 0.5% after six months 
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9.3: Drug Summary – Pioglitazone  
SEMDSA Type 2 Diabetes Guideline Expert Committee

(Refer to appendix 9.3 for optional full text and references)

Mode of action
Agonist of nuclear receptors called peroxisome proliferator-activated receptor-gamma (PPARγ). Leads to increased 
transcription of proteins that augment the post-receptor actions of insulin resulting in improved insulin sensitivity 
and ß-cell function.

Glycaemic efficacy and 
indications

Good efficacy as monotherapy, dual therapy and triple therapy (± 1% HbA1C reduction); similar efficacy to 
metformin, SU or GLP-1RA.

Cardiovascular outcome 
trials

PROactive study (secondary prevention) showed reductions in secondary endpoints (composite of all-cause 
mortality, non-fatal myocardial infarction, and stroke) by 16%. Meta-analysis of RCTs also reported a significant  
18% relative risk reduction in the composite outcome (death, myocardial infarction, or stroke). Increases heart failure 
hospitalisations because of fluid retention, but not mortality.

Hypoglycaemia Does not cause hypoglycaemia except when combined with insulin or insulin secretagogues.

Weight Causes dose-dependent weight gain (~2-4 kg) due to fluid retention and adipocyte differentiation. Weight gain 
correlates with therapeutic response.

Non-glycaemic benefits

Increases HDL-C; reduces triglycerides, reduces LDL atherogenicity, CRP and microalbuminuria; increases PAI-1 
and adiponectin; reduces carotid intima media thickness and atheroma volume. Reduces hepatic fibrosis in 
non-alcoholic steatohepatitis (NASH); improves ovulation and metabolic abnormalities in polycystic ovary 
syndrome.

Side Effects and 
Precautions

Can cause fluid retention, oedema, and may worsen or precipitate congestive heart failure.
Associated with an increase in distal long-bone fractures in women and men.
Possible small increase in bladder cancer.

Dosing and prescribing
Start with 15 once daily in the morning; increase to 30 mg after one to three months if necessary. Most patients will 
derive optimum benefit at this dose; do not exceed 30 mg in the primary care setting. Maximum registered dose is 
45 mg daily.

Renal dosing No dose adjustment is necessary, but do not use if renal disease is causing fluid retention, or when the eGFR is <30 
ml/min/1.73m2.

Cost of cheapest 
formulation

R117.00 for 30 mg. 

SEMDSA 2017 Recommendations for pioglitazone
Consider pioglitazone as initial monotherapy when metformin is contraindicated or not tolerated. A
Consider pioglitazone as add-on to metformin or other initial drug therapy, in selected patients not achieving or 
maintaining their glycaemic targets.

A

Consider pioglitazone as a third non-insulin glucose lowering drug in selected patients not achieving or maintaining 
their glycaemic targets on an existing oral two-drug regimen.

A

Circumstances where pioglitazone may be preferred to other treatment options: 

 ◦ Gliclazide MR is contraindicated or not tolerated.

 ◦ Non-alcoholic steatohepatitis is present.

 ◦ The patient has features of severe insulin resistance.

 ◦ There is a history of previous myocardial infarction, previous stroke or chronic kidney disease stage-3 (pioglitazone 
offers probable benefit for secondary prevention)

C

Circumstances where pioglitazone may not be the preferred option:

 ◦ Age > 75 years old (risk of congestive heart failure (CHF), fracture and bladder cancer)

 ◦ History of congestive heart failure.

 ◦ History of osteoporosis. 

 ◦ History of bladder cancer, or haematuria that has not been investigated.

 ◦ Stage-4 or worse chronic kidney disease (risk of fluid retention).

 ◦ Patients on insulin therapy (higher risk of fluid retention and CHF).

 ◦ Elevated liver enzymes (>2x ULN), which is not due to NASH.

C

Do not persist with any chosen treatment if the HbA1C has not decreased by > 0.5% after six months 
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9.4: Drug summary - DPP-4-inhibitors  
SEMDSA Type 2 Diabetes Guideline Expert Committee

(Refer to Appendix 9.4 for review and references)
Mode of action and 
pharmacology

DPP-4 inhibitors (gliptins) are capable of inhibiting the degradation of endogenous GLP-1, thereby therapeutically 
raising circulating GLP-1 levels.

Glycaemic efficacy and 
indications

Can be used as monotherapy in selected patients when there is intolerance to metformin (where there is a high risk 
for hypoglycaemia).
Can be used as dual or triple therapy when added to metformin / sulphonylurea / SGLT 2 inhibitor / insulin.
HbA1C reduction when used as monotherapy is between 0.5 and 1.1 %.

Macrovascular and 
Mortality Outcomes

Cardiovascular outcome safety trials for all 3 DPP-4 inhibitors have been neutral for major adverse cardiovascular 
events. Saxagliptin was associated with increased rates of hospitalisation for heart failure.

Hypoglycaemia Hypoglycaemia rates are not different to placebo except when DPP 4 inhibitors are combined with insulin or insulin 
secretagogues. 

Non-glycaemic benefits Weight-neutral.

Side Effects and 
Precautions

Small absolute risk for pancreatitis.

Increased risk of hospitalisation for heart failure with saxagliptin.

Contraindications

Acute, chronic or recurrent pancreatitis or high risk for pancreatitis.
Pancreatic cancer.
All are contraindicated in severe liver disease. Use saxagliptin and vildagliptin with caution in moderate liver disease.
Heart failure (saxagliptin).

Dosing

eGFR Saxagliptin Sitagliptin Vildagliptin

≥50 ml/min 5 mg daily 100 mg daily 50 mg twice a day

30-50 ml/min 2.5 mg daily 50 mg daily 50 mg daily

<30 ml/min 2.5 mg daily 25 mg daily 50 mg daily

Cost at maximum dose Moderate (R260 – 340 per month - single exit pricing as at March 2017)

SEMDSA 2017 Recommendations for DPP-4 inhibitors
Consider a DPP-4 inhibitor as initial monotherapy when metformin is contraindicated or not tolerated. C

Consider a DPP-4 inhibitor as add-on to metformin or other initial drug therapy, in selected patients not achieving or 
maintaining their glycaemic targets.

A

Consider a DPP-4 inhibitor as the third glucose lowering drug in selected patients not achieving or maintaining their 
glycaemic targets on an existing oral two-drug regimen.

A

Combination DPP-4 inhibitor and insulin therapy should be initiated at specialist level. C

Be aware of dose adjustments for chronic kidney disease. C

Circumstances where a DPP-4 inhibitor may be preferred to other treatment options: 

 ◦ As the 2nd add-on drug when gliclazide MR is contraindicated or not tolerated.

 ◦ As the 3rd add on drug for most patients if HbA1C targets are potentially achievable.

 ◦ Older patients with multiple comorbidities.

 ◦ Patients with stage-4 chronic kidney disease (can be used without risk of hypoglycaemia).

 ◦ If a fixed-dose combination tablet will improve adherence, compliance and/or cost-effectiveness.

C

Circumstances where a DPP-4 inhibitor may not be the preferred option:

 ◦ Very high HbA1C and the glycemic target is not likely to be achieved with a DPP-4 inhibitor. 

 ◦ History of pancreatitis or pancreatic tumour.

 ◦ History of heart failure or high risk of heart failure (saxagliptin).

 ◦ Liver disease: moderate (do not use saxagliptin or vildagliptin) or severe (do not any DPP-4 inhibitor).

C

Do not persist with any chosen treatment if the HbA1C has not decreased by > 0.5% after six months 
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9.5: Drug summary - GLP-1 receptor agonists
SEMDSA Type 2 Diabetes Guideline Expert Committee

(Refer to Appendix 9.5 for drug review and references)
Mode of action and 
pharmacology

GLP-1 receptor agonists are modified GLP-1 molecules that have structural homology with endogenous GLP-1 but 
are resistant to the enzymatic cleavage by DPP-4. 

Glycaemic efficacy and 
indications

Reduces HbA1C by 0.9 to 1.2 %. 
Monotherapy: registered (liraglutide) but not recommended for primary healthcare.
Dual therapy: registered but not recommended for primary healthcare.
Triple therapy: Can be combined with any 2 of metformin / sulphonylurea / TZD.
Do not combine with DPP-4 inhibitor or SGLT2 inhibitor.
Exenatide can be as added to basal insulin with or without oral agents.

Macrovascular and 
Mortality Outcomes

Lixisenatide was neutral in the ELIXA trial. 
Liraglutide and semaglutide have each demonstrated reductions in a composite endpoint of major adverse 
cardiovascular events by 13% and 26% in the LEADER and SUSTAIN-6 trials respectively (vs. placebo), when used in 
patients with established cardiovascular disease. 
There are no cardiovascular outcomes trials with exenatide.

Hypoglycaemia Hypoglycaemia rates are not different to placebo except when GLP-1 receptor agonist are combined with insulin or 
insulin secretagogues. 

Non-glycaemia benefits
Weight reduction of between 1 and 3 kg for exenatide and liraglutide.
Both exenatide and liraglutide reduce SBP and DBP by 1 to 5  mmHg.
Reduction in liver fat content (liraglutide).

Side Effects and 
Precautions

Nausea and vomiting in up to 25%; Discontinuation rate 5-20%. 
Pancreatitis.
Skin reactions.

Contraindications

History of pancreatitis, or at high risk for pancreatitis (e.g. untreated gallstone disease, recent or planned ERCP, 
excessive alcohol use).
History of pancreatic tumour.
History of medullary thyroid cancer (MTC) or multiple endocrine neoplasia (MEN) syndrome type 2

Dosing

eGFR Exenetide
Initial dose is 5 ug BD for the 1st 

month; then 10 ug BD

Liraglutide

≥30 ml/min
Initiate 0.6 mg daily Maximum dose 

of  
1.8 mg daily

<35 ml/min Contraindicated No adjustment

Cost High (R620.00 to R2145.00 - single exit price March 2017) 

SEMDSA 2017 Recommendations for GLP-1 receptor agonists (GLP-1RA)
Consider a GLP-1RA injectable as the third glucose lowering drug (triple therapy) in overweight and obese patients 
when glycaemic targets are not being achieved or maintained.

A

Consider adding a GLP-1RA to existing basal insulin therapy (with oral therapies) as an alternative to intensifying the 
insulin regimen, especially when weight gain and/or hypoglycaemia is a limiting factor.

A

Escalate the dose of GLP-1RA slowly to minimise side-effects. C

Circumstances where a GLP-1RA may be preferred to other treatment options: 

 ◦ Overweight and obese patients

 ◦ Weight gain or hypoglycaemia has been, or is likely to be problematic with other treatment options.

 ◦ HbA1C is very high (GLP-1RA and insulin are the most effective glucose lowering drugs for most patients).

 ◦ Patients with established cardiovascular disease (liraglutide benefit); to be managed at specialist care level.

C

Circumstances where a GLP-1RA may not be the preferred option: 

 ◦ Patients with chronic gastrointestinal disorders.

 ◦ Patients with a history of pancreatitis or pancreatic tumour.

C

Do not persist with any chosen treatment if the HbA1C has not decreased by > 0.5% after six months 
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9.6: Drug Summary - SGLT2 inhibitors
SEMDSA Type 2 Diabetes Guideline Expert Committee

(Refer to Appendix 9.6 for review and references)

MOA By inhibiting SGLT2, gliflozins reduces renal glucose reabsorption, leading to increased urinary excretion of excess 
glucose and a reduction in plasma glucose concentrations in a non-insulin dependent manner.

Glycaemic efficacy and 
indications

As monotherapy: 0.6% to -1.2%; non-inferior to metformin.
As add on to metformin: -0.5% to -1.0%; non-inferior to other classes
As add on to metformin + SU: -0.7% to -0.9%; non-inferior to DPP-4 inhibitors
As add on to insulin therapy: -0.5% to -0.8%

Microvascular Outcomes No primary outcome studies.

Macrovascular and 
Mortality Outcomes

Empagliflozin therapy was associated with a reduction in all-cause death, cardiovascular-death and hospitalisation 
for heart failure in patients with established cardiovascular disease. There has been no signal of adverse 
cardiovascular outcomes in systematic meta-analyses for the other SGLT2 inhibitors.

Hypoglycaemia Hypoglycaemia rates are not different to placebo except when SGLT2 inhibitors are combined with insulin or insulin 
secretagogues. 

Non-glycaemic benefits Mean weight loss of 1.6 to 2.5 kg; not different to GLP-1RAs (meta-analysis) 
Systolic and diastolic blood pressure reduction (-4.0 and -1.5 mmHg) respectively.

Side effects and 
precautions

Mycotic genital infections are common (and more so in women); do not use in patients with a history of recurrent 
genital infections.

The risk of urinary tract infections may be increased but can be minimised by advising adequate hydration and 
fastidious bathroom hygiene; do not prescribe SGLT2 inhibitors in patients with a history of recurrent UTI.

Dehydration and hypotension can occur particularly in susceptible patients (treated with loop diuretics, have 
advanced cardiac disease or older than 65 years). Always ensure and emphasise adequate hydration when 
prescribing SGLT2 inhibitors.

eGFR usually declines within the first weeks of initiating therapy and then gradually returns toward baseline. 
Monitor eGFR and discontinue SGLT2 inhibitors if the decline is ≥ 30%.

Diabetic ketoacidosis may occur at mildly elevated levels of blood glucose particularly in insulin treated patients. 
Warn patients of the symptoms of DKA and advise them to seek medical attention immediately.

The risk of fractures and lower-limb (especially toe) amputations is increased with canagliflozin. Therefore do not 
use canagliflozin, and exercise caution with the other drugs in this class, in patients who are at high risk for these 
conditions.

Do not prescribe dapagliflozin to patients with bladder cancer or in combination with pioglitazone. 

Dosing

eGFR Dapagliflozin Empagliflozin Canagliflozin

≥60 ml/min 5 mg or 10 mg 10 mg or 25 mg 100 mg or 300 mg

45-60 ml/min Contraindicated Continue 25 mg but do 
not initiate therapy

Continue 100 mg but do 
not initiate therapy

<45 ml/min Contraindicated Contraindicated Contraindicated

Cost Unknown; not registered in South Africa as at March 2017. 
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SEMDSA 2017 Recommendations for SGLT2 inhibitors

Do not use SGLT2 inhibitors as initial monotherapy C

Consider a SGLT2 inhibitor  as add-on (dual therapy) to metformin (or other initial drug therapy) in selected patients 
not achieving or maintaining their glycaemic targets.

A

Consider a SGLT2 inhibitor as the 3rd glucose lowering drug in selected patients not achieving or maintaining their 
glycaemic targets on an existing oral two-drug regimen.

A

Circumstances where an SGLT2inhibitor may be preferred to other treatment options: 

 ◦ Overweight and obese patients.

 ◦ Weight gain or hypoglycaemia has been, or is likely to be problematic with other treatment options.

 ◦ Patients with established cardiovascular disease (empagliflozin benefit); to be managed at specialist care level.

Circumstances where an SGLT2 inhibitor may not be the preferred option: 

 ◦ Patients with recurrent mycotic genital infections or urinary tract infections.

 ◦ Patients at risk for dehydration and hypotension.

 ◦ Patients at high risk for stroke, fracture (canagliflozin), amputation (canagliflozin), bladder cancer (dapagliflozin) 
or ketoacidosis (refer to drug review).

C

Do not initiate SGLT2 inhibitors when the eGFR is < 60 ml/min/m2.

Stop all SGLT2 inhibitors when the eGFR is < 45 ml/min/m2.

Do not persist with any chosen treatment if the HbA1C has not decreased by > 0.5% after six months 
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9.7: Alpha-glucosidase inhibitors (acarbose)
SEMDSA Type 2 Diabetes Guideline Expert Committee

Mechanism of Action Prevents the conversion of complex carbohydrates into monosaccharides within the intestine thereby 
decreasing the ability to absorb monosaccharides. 

Glycaemic efficacy and 
indications

HbA1C reduction when used as monotherapy of between 0.6 and 0.8%. A

Microvascular Outcomes Reduction of Microvascular Complications are inferred from the benefit of improved glycaemic control. B

Macrovascular and 
Mortality Outcomes

Acarbose significantly reduced the risk of cardiovascular events by 49% in patients with impaired glucose 
tolerance. No data for patients with Diabetes. B

Hypoglycaemia Hypoglycaemia rates are no different to placebo except when combined with Insulin or Insulin 
Secretagogues. B

Non glycaemic benefits Weight neutral. B

Side Effects and 
Precautions

Transient elevation of hepatic transaminases. B

Gastrointestinal Side Effects (Flatulence and diarrhoea). B

Dosing

eGFR Acarbose

≥30 ml/min
Start with 50 mg once daily with meals, and increase by 50 mg every  

two weeks if tolerated.
Maximum dose is 100 mg x3 daily.

<30 ml/min Not recommended

Cost High (R407.00).
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Chapter 10: Glucose control: insulin therapy
SEMDSA 2017 Type 2 Diabetes Guidelines Expert Committee

Drug Summary – Insulins 
(Refer to Appendix 10.1 for a detailed review of insulin therapy)

Mode of action Insulin and its analogues lower blood glucose by stimulating peripheral glucose uptake, especially by skeletal 
muscle and fat, and by inhibiting hepatic glucose production. Insulin inhibits lipolysis and proteolysis, and 
enhances protein synthesis.

Glycaemic efficacy and 
indications

Efficacy is theoretically unlimited but in practice may be limited by inadequate education and support, or by side 
effects (weight gain and hypoglycaemia).
Insulin should be used in patients with features of metabolic decompensation (catabolic features, severe 
hyperglycaemia (fasting glucose > 14 mmol/L, random glucose > 16.5 mmol/L or a HbA1c > 10%) or persistent 
ketosis at any stage of the disease.
Insulin should be considered as one of the therapeutic options in patients not achieving adequate glycaemic 
control on 2 or 3 oral glucose lowering drugs.

Cardiovascular outcome trials • UKPDS 10-year observational extension showed a decrease in myocardial infarction in the group where 
treatment had been intensified using insulin or a sulphonylurea

• The ORIGIN trial did not show cardiovascular benefit when using a basal insulin analogue in patients with 
diabetes or intermediate dysglycaemia; it was neutral. 

•  Multiple studies and meta-analyses suggest that insulin may be associated with adverse cardiovascular 
outcomes when compared to comparators (metformin and sulphonylureas). 

Hypoglycaemia When used as monotherapy, dual therapy or triple therapy most studies show that the addition of insulin 
increases the risk of hypoglycaemia. The rates of overall and nocturnal hypoglycaemia are lower with long-acting 
basal insulin analogues when compared to intermediate human insulins (NPH). Analogue basal insulins are 
preferred when hypoglycaemia is a limiting factor to achieving glycaemic control.

Weight When used as monotherapy or as add on to oral hypoglycaemic agents most studies show that insulin causes 
weight gain. Weight gain over three years in the 4T study was 3.6 kg for basal and 5.7 kg for premix insulin. Insulin 
detemir, however, has been shown in a few studies to either be weight neutral or result in some weight loss in 
those patients that are overweight or obese. 

Non-glycaemic benefits Insulin also promotes protein synthesis, lipogenesis and increases the permeability of cells to potassium, 
magnesium and phosphate ions.

Side Effects and Precautions • Fluid retention, oedema
•  Lipodystrophy
•  Local allergy
•  Systemic allergy
•  Existing cardiovascular disease: there is no evidence for the cardiovascular safety of insulin in patients 

with established cardiovascular disease, and some studies suggest a possible harmful effect. Avoiding 
hypoglycaemia takes precedence over intensive glycemic control in these patients.

Dosing and prescribing Starting doses:
•  Basal insulin: Start 10 u at bedtime; monitor fasting glucose; educate the patient to titrate the dose using one 

of the titration algorithms to achieve fasting glucose targets (refer to Chapter 11, figure 2).
•  Premix insulin: When escalating from a basal insulin regimen to a premix regimen, administer two-thirds of the 

total basal insulin dose in the morning, and one-third in the evening. Educate the patient to titrate the doses 
using one of the titration algorithms to achieve pre-prandial glucose targets (refer to Chapter 11, figure 2).

•  Prescription for insulin must be accompanied with education about handling, storage, injection technique, 
injection sites, monitoring, titrating and the detection and management of hypoglycaemia. 

Renal dosing All insulin preparations are metabolised by the kidneys and will therefore require a dose reduction in patients 
with renal impairment. 

Cost Cost is variable depending on insulin type and dose, and is generally more expensive than oral agents. Refer to 
Appendix 10.2 for a complete list of insulins and prices. 
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SEMDSA 2017 Recommendations 
Consider insulin as first-line therapy at diagnosis, and at any other point in the course of the disease, in the setting of 
metabolic decompensation with any of the following features:
a. Catabolism (marked weight loss)
b.  Fasting plasma glucose levels >14 mmol/l
c.  Random glucose levels consistently >16.5 mmol/l
d.  HbA1c > 10%
e.  Presence presence of persistent ketogenesis, ketoacidosis or or hyperosmolar non-ketotic state.

C

If insulin is needed at diagnosis, use either pre-mixed insulin twice daily or basal bolus intensive insulin therapy 
(specialist referral is recommended)

A

Initial insulin therapy at diagnosis is usually temporary, and most patients can be weaned off their insulin with the 
addition of oral agents. If the patient is not able to transition from insulin to oral therapy reconsider the diagnosis of 
type 2 diabetes, and refer to a specialist if in doubt.

C

Consider adding basal insulin as the third glucose lowering drug in patients not achieving or maintaining their 
glycaemic targets on a two-drug oral regimen, especially if targets are unlikely to be achieved with other third line 
options, and there are adequate resources to support insulin initiation and titration.

B

Insulin therapy must be accompanied with intensive patient education and support, which includes (but is not 
limited to) SMBG and titration instructions, as well as education about the risk of hypoglycaemia.   

B

Analogue insulins offer some advantages over human insulins and are therefore preferred when the acquisition cost 
is similar.

C

If nocturnal hypoglycaemia is a limiting factor to achieving optimal glycaemic control, consider switching from a 
human basal insulin to an analogue basal insulin, such as insulin glargine or insulin detemir. 

B

If glycaemic targets are not being met despite adequate titration of basal insulin, consider combination injectable 
therapies using a premix, a basal-plus (prandial insulin) or a basal insulin plus GLP-1 receptor agonist combination. 
Consider the advantages and disadvantages of each option for each individual patient.

B

Be aware that insulin therapy is associated with the highest rates of hypoglycaemia and weight gain when compared 
to other glucose lowering drugs. However this is not a reason to delay or withhold insulin therapy when it is needed.

A

Consider referring a patient to an endocrinologist or specialist physician when:

 ◦ Glycaemic targets are unmet with basal insulin doses > 0.8 u/kg or > 60 u daily.

 ◦ Glycaemic targets are unmet after 6 months of treatment

 ◦ There is a need for a basal bolus insulin regimen

 ◦ Glycaemic targets are unmet with premix insulin doses > 60 u twice daily.

C

 ◦ Choice of insulins: insulins with the lowest acquisition cost within each class are preferred. In each insulin class 
an insulin analogue is the preferred option if the acquisition cost is similar to that of a human insulin. Registered 
biosimilar preparations are safe and effective. The newer insulins, such as ultra-long acting premixes and U300 
concentrated insulins, are not recommended for use at primary care level.    

C
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Type 2 diabetes is a heterogeneous disease, with the underlying 
mechanism ranging from predominantly insulin resistance with 
relative insulin deficiency, to predominantly an insulin secretory 
defect with lesser degrees of insulin resistance. The relative 
contribution of each abnormality varies between individuals, 
as well as within the same individual at different stages of the 
disease. People with type 2 diabetes are heterogeneous; diabetes 
is prevalent across all socio-economic strata, ethnic groups, age 
groups and weight categories, in individuals with highly variable 
nutrient intakes and levels of physical activity.1 In addition to 
phenotypic heterogeneity, there is genetic variability which 
may play a role in susceptibility, both to the disease itself or 
its complications.2 The response to treatment is heterogeneous; 
we see diversity in responses to the same treatments even in 
patients with near-identical phenotypes. It seems intuitive 
then, that a single uniform approach to management of such a 
heterogeneous disorder is unlikely to be successful. The optimal 
pharmacological approach to glucose control for any individual 
patient varies, which is why many international guidelines 
have endorsed individualised management, with no restriction 
on the choice of glucose lowering drug after initial metformin 
therapy.3–7 The concept of patient-centred care incorporates 

patients as partners in their healthcare. In practice, this means 
providing care that is “respectful of and responsive to individual 
patient preferences, needs and values, and ensures that patient 
values guide all clinical decisions”.3 These guidelines also have a 
broad target audience that includes health care professionals at 
all levels of expertise. 

The SEMDSA approach to glycaemic control does not lose 
focus of patient-centred care but attempts to provide guidance 
about appropriate therapeutic choices for primary healthcare 
practitioners managing patients at different stages of type 2 
diabetes. This is done by attempting to match the therapeutic 
options with the diverse clinical profiles encountered in patients, 
while still offering a rational approach to drug management. In 
the South African healthcare system, with its shortage of doctors, 
it is also important that nurses at primary healthcare clinics have 
access to medicines with the lowest probability of harm. 

11.1 Factors to consider when choosing glucose 
lowering drugs 

The factors that need to be considered when choosing 
appropriate pharmacologic therapies to match individual patient 
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Chapter 11: The approach to achieving glycaemic control
SEMDSA 2017 Type 2 Diabetes Guidelines Expert Committee

Figure I: Some of the factors to consider when choosing glucose lowering drug therapy at various stages of type 2 diabetes
Gliclazide 
modified release

Pioglitazone DPP-4 inhibitor GLP-1 receptor 
agonist 

SGLT2 inhibitor Basal insulin

Mean HbA1C 
reduction -0.8 to -1.0% -0.8 to -1.0% -0.7% -0.8 to -1.2% -0.8 to -1.0% -0.8 to -1.2%

Hypoglycaemia 
(monotherapy) Yes Rare Rare Rare Rare Yes

Hypoglycaemia 
(added to SU) - ++ + + + ++

Weight change +0.0 to 1.5kg +3.0 to 5.0 kg Neutral -3.0 kg -3.0kg +3-5kg

Adverse events* None Fluid retention 
(oedema, CHF)

Heart failure with 
saxagliptin

Common – GI 
upset

Common - 
GU infection
Dehydration

Local skin 
reactions

Rare SAEs None Fractures,
?bladder cancer

Pancreatitis, 
pancreatic cancer

Pancreatitis, 
pancreatic cancer

Fractures
Amputation
DKA

None

Treatment 
complexity Low High Low Intermediate High High

Cardiovascular  
benefit None Yes, 1O and 2O 

prevention None Yes (2O prevention) Yes (2O prevention) None

Cost# <R100 R120-180 R250-350 R650-2150 Unknown R200 to >1000§

Initiate at 1st or 2nd Line 1st or 2nd Line 1st or 2nd Line 3rd Line 2nd Line 3rd Line
*Side effects other than weigh gain and hypoglycaemia; GI=gastrointestinal; GU= genitourinary; SU = sulphonylurea; SAEs= serious adverse events

Information represents a synthesis of data from various sources discussed in the text. 
#Cost is based on single exit price in the private health sector; figures may differ in the public health sector.  §Cost of insulin depends on dose, and excludes ancillary 
costs. In the 4T study basal insulin dose ranged from 0.5u/kg to 1.0u/kg from year 1 to year 3.8though evidence supporting specific insulin regimens is limited. Methods 
In an open-label, controlled, multicenter trial, we randomly assigned 708 patients with a suboptimal glycated hemoglobin level (7.0 to 10.0% This translates to 40 to 80u/
day for intensive basal insulin therapy in an 80kg person. 
*Adverse events refer to common side effects (other than weight gain and hypoglycaemia) that impact tolerability and drug discontinuation rates. 
Treatment complexity considers the ease with which the drug can be prescribed; higher complexity may demand greater resources (consulting time or other resources) 
in screening for contraindications, educating the patient about the treatment or the patient’s required investment in complying with the treatment (e.g. injecting, SMBG 
and dose titration), as well as resources to monitor and treat adverse effects.
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needs, fears and comorbidities are many, and are summarised 
in Figure I. These are also the factors that were considered 
when formulating the algorithm for the management of 
hyperglycaemia.

a. Glycaemic targets

The importance of individualised glycaemic targets, and the 
factors to consider, are covered in Chapter 8. These range from 
an HbA1C < 6.5% for younger newly diagnosed patients with 
no comorbidities and long life expectancy, to 8.5% for the frail 
patient with multiple comorbidities and shorter life expectancy. 
In general though, the glycaemic target for the majority of 
patients should be an HbA1C  ≤ 7.0%.

b. Glycaemic efficacy

This is probably less of a consideration than in the past. All of 
the drug options are efficacious at lowering blood glucose 
and the reductions obtained with monotherapy are generally 
greater than those obtained with combination therapy for 
the same drug. Maximum glucose lowering efficacy is usually 
evident by six months. A meta-analysis of the various drug 
choices show that most will reduce HbA1C by approximately 0.8 
to 1.2%, without much difference between all of the available 
agents, when added to metformin.9–12 For triple therapy (adding 
to metformin + sulphonylurea), the most effective 3rd line drugs 
appear to be basal insulin, followed by TZDs, GLP-1RA and SGLT2 
inhibitors equally, with DPP-4 inhibitors having the greatest 
odds of treatment failure.10 Again the differences are not large. 

Also, in clinical practice the range of HbA1C reduction for each 
drug is wide, with some patients responding very well, and 
others not responding at all to a particular drug. Baseline HbA1C 
also determines glycaemic efficacy; a 1% higher baseline HbA1C 
predicts an additional -0.5% HbA1C reduction at six months.12 
To illustrate this point, in a study analysing patients with high 
baseline HbA1C, empagliflozin 25 mg reduced the HbA1C by 3.3% 
from a baseline HbA1C of 11.1%.13 The ability of a patient to 
concurrently intensify lifestyle measures is also important when 
intensifying drug therapy. In clinical practice, the combination 
of these interventions has been known to dramatically reduce 
HbA1C levels to an extent far greater than published mean HbA1C 
reductions.

The variability in glycaemic efficacy within each drug class, 
and between drug classes in patients with similar phenotypes, 
together with the small absolute differences between agents, 
suggests that the choice of glucose lowering drug should 
probably be based on other patient factors (Figure I), which are 
more likely to impact treatment success or failure, rather than 
glycaemic efficacy alone. In any event, the efficacy of any added 
therapy must be assessed within six months; failure to achieve 
the target and reduce the HbA1C by ≥ 0.5% should prompt a 
change to an alternative drug. 

c. Hypoglycaemia

Treatment-related hypoglycaemia is the commonest form 
of hypoglycaemia, and is a function of insulin or insulin  
sulphonylurea use. This topic is covered in Chapter 12. 
Hypoglycaemia is an important consideration when choosing 

therapies because it can have a significant negative impact 
on a person’s wellbeing and quality of life, and can influence 
adherence, compliance, and therefore the success of treatment. 
Severe hypoglycaemia emerges as one of the strongest risk 
factors for cardiovascular events and mortality, especially in 
those patients with higher cardiovascular risk.14–19  Independent 
risk factors for severe hypoglycaemia are listed in Figure 
II. The circumstances where the consequences of severe 
hypoglycaemia are sufficiently severe to warrant the avoidance 
of hypoglycaemia-inducing drugs are listed in Figure III. 

Figure II: Independent risk factors for severe hypoglycaemia17,20 

Insulin or sulphonylurea use

Intensive glucose control

Use of 2 or more oral glucose lowering drugs

Older age

Diabetes duration

Hypoglycaemia unawareness

Impaired cognitive function

Low body mass index

Renal impairment

Microvascualr complications

Figure III: Circumstances where the consequences of hypoglycaemia 
may be catastrophic

Operators of heavy machinery 
Scaffold workers
Drivers of public transport or heavy duty vehicles
Airline pilots
Emergency rescue workers
People who live alone and have impaired cognition or mobility (may 
not be able to respond to symptoms promptly)
Hypoglycaemia unawareness
People at high fall and fracture risk

Recurrent hypoglycaemia may be an important impediment 
to achieving good glycaemic control. Patients who fear 
hypoglycaemia are unlikely to titrate insulin as instructed, and 
may also overeat for protection, setting up a vicious cycle of 
weight gain, hyperglycaemia and increasing insulin doses – 
the adage of “hypoglycaemia begets hypoglycaemia”. Patients 
receiving hypoglycaemic drugs must be questioned about 
hypoglycaemia at every visit, in order to address treatment 
failures. Any patient who has a severe hypoglycaemic event must 
be evaluated for a cause and must have their treatment reviewed. 
Any treatment plan should have ready access to drugs that do 
not cause hypoglycaemia when the circumstances demand this. 

d. Weight gain

Weight effects of medications are considered separately 
because of their importance to patients’ quality of life and 
self-esteem, and treatment compliance. Obesity, as part of the 
metabolic syndrome, is a well-known cardiovascular risk factor. 
Weight gain after diagnosis of type 2 diabetes may also be a 
risk factor for cardiovascular disease but this remains to be 
proven.21 Metformin, SGLT2 inhibitors, and GLP-1 agonists are 
associated with weight loss, DPP-4 inhibitors and acarbose are 
weight neutral, whereas sulphonylureas cause modest weight 
gain. Weight gain is worst with pioglitazone and insulin.9–12 
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Patients who experience significant weight gain (as defined 
by themselves) with pioglitazone or insulin are unlikely to 
comply with their treatment. They may be better served with 
a less effective treatment with better compliance. Alternative 
treatment options should be considered for patients who 
experience unacceptable weight gain. 

e. Adverse effects

Adverse effects other than  hypoglycaemia and weight gain, 
which are considered separately, should be taken into account. 
Common adverse effects can limit compliance and adherence 
to therapy. Each patient’s potential to tolerate common adverse 
effects needs to be considered. Metformin has common GI 
side effects leading to about a 10% discontinuation rate. In the 
LEAD 6 trial program 15-20% of patients discontinued GLP-1RA 
therapy. Similarly genitourinary side effects may limit the use of 
SGLT2 inhibitors. Patients should be warned about the common 
adverse events when commencing therapy.

f. Serious adverse events

The rare but serious adverse events for each drug/class are 
discussed individually. SEMDSA has considered the impact these 
have on patient selection and ease of prescribing in the primary 
healthcare setting.

g. Treatment complexity

The choice of treatment considers the patient, provider and 
general healthcare resources that may be required for a 
particular therapeutic choice. The use of insulin therapy is a good 
example of treatment complexity. Escalation to insulin therapy 
is premised on information from clinical trials demonstrating 
equivalent and sometimes better glycaemic control than other 
therapeutic options. These trials often exclude patients who are 
unable or unwilling to perform and record frequent SMBG or 
to “force-titrate” insulin doses to strict glycaemic targets. These 
trial patients receive intensive education about insulin use, 
injection technique, SMBG, titration protocols and are provided 
with adequate supplies of insulin, needles and test strips. They 
also have ongoing education, very frequent clinic follow-up 
visits (usually two to four weeks apart) and continual, unlimited 
telephonic support. Translating the positive glucose control 
results from such trials into daily clinical practice in some/
most/all primary healthcare centers may sometimes be a “mis-
translation”. The patient may be given a prescription for one or 
other insulin, possibly with very little or no ongoing education 
on how to use it, with no titration instruction or protocol, 
perhaps a limited supply of test-strips (if at all), and no access 
to support for months on-end. In this regard insulin therapy 
could be construed as a “pseudo-escalation” of treatment. Given 
the relative demands of insulin initiation and titration for the 
patient and clinic staff, might the patient be better served with a 
somewhat less efficacious oral glucose lowering drug that has a 
lower complexity. 

Other aspects of treatment complexity to be considered include 
assessments and counseling before and after a drug prescription 

in order to ensure patient safety, e.g. assessment of fracture risk 

for patients being considered for pioglitazone or canagliflozin 

treatment. 

h. Patient factors

The entire point in considering all the features about each 

pharmacological agent is, of course, to find the “best-fit” for the 

patient. Each patient has their own needs and fears, and each has 

their own expectation of treatment outcomes.

11.3 The 2017 SEMDSA approach and algorithm for 
the management of type 2 diabetes 

In planning the treatment algorithm, the SEMDSA Expert 

Committee was cognisant that the majority of type 2 diabetes 

patients are, and should be, managed at primary healthcare 

facilities. There is evidence though, that the standards of 

care for type 2 diabetes at all levels is not adequate,22–28 and 

that interventions to improve processes of care for non-

communicable diseases may not be successful.29 The current 

local evidence is that 10 to 30% of patients achieve an HbA1C 

of <7.0% and as many as 30% have an HbA1C > 11%. It is clear 

that a metformin-sulphonylurea-insulin strategy is not effective 

in the South African primary health care setting.  The purpose 

of this algorithm therefore is to improve glycaemic control by 

attempting to give primary healthcare practitioners the tools 

needed to achieve this in a way that is both safe and effective.

A few caveats about this algorithm need emphasizing. Firstly, 

it is a guideline for primary healthcare; patients managed at 

specialist care level often have multiple comorbidities and more 

severe disease requiring more complex therapies. Secondly, 

the algorithm applies to the stable type 2 diabetes patient 

who has suboptimal glycaemic control; it does not apply to the 

metabolically decompensated patient with severe symptomatic 

hyperglycaemia; those patients usually need referral for intensive 

management. Thirdly, it does not apply to patients with severe 

microvascular or macrovascular complications; these patients 

should also be managed under specialist supervision, and the 

optimal treatment options differ from this algorithm. Lastly, 

this can only serve as a guideline and cannot, and should not 

be applied rigidly to the very heterogeneous type 2 diabetes 

population (as discussed above). However, the suggested 

therapeutic options should cater for the glucose control needs of 

the majority of type 2 diabetes patients who are being managed 

appropriately in the primary healthcare setting.

The algorithm should be interpreted in conjunction with 

the “Pharmacological Management” Chapters 9 and 10, 

which provide a summary of each drug, as well as with the 

recommendations for each drug below. For those wanting more 

detailed information, a review of each drug class is provided in 

the Appendix. The footnotes explain the algorithm in greater 

detail.
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If above target, +2 units 

If at target, maintain dose
(usual target  

4.0-7.0mmol/L)

If below target,  
subtract 2 units 

If above target, +1 unit 

If at target, maintain dose
(usual target  

4.0-7.0mmol/L)

If below target,  
subtract 2 units 

>10.0 mmol/L:          +8u
8.1 to 10.0 mmo/L:  +6u
7.0 to 8.0 mmol/L:   +4u
5.6 to 7.0 mmol/L:   +2u

4.0-5.5 mmol/L:  
maintain dose

3.1 to 3.9 mmol/L:   -2u
<3.1 mmol/L:            -4u

Figure IV: Initiating and titrating basal insulin therapy

Figure V: Complex (combination injection) therapies

Suboptimal glycaemic control with 2 oral agents
e.g. metformin + SU

Option 1

Simple titration31

3 Oral anti-diabetic agents

Option 1

2 Oral anti-diabetic agents + basal insulin 

Option 2

2 Oral anti-diabetic agents + GLP-1RA

Option 3

Simple rapid titration32

Option 3

Add a 3rd oral agent
(TZD, DPP-4i, SGLT2i)

Once weekly average of last two 
fasting SMBG level 
(use pre-prandial SMBG for premix 
or bolus insulin).

Continue metformin and add twice daily 
premix insulin
• Split existing basal insulin dose, or initiate 

0.3u/kg; give 2⁄3 AM and 1⁄3 PM before meals.
• Set morning and evening pre-prandial 

SBGM targets (refer to Ch. 8).
• Titrate the morning dose to achieve the 

pre-supper SBGM target; titrate the evening 
dose to achieve the pre-breakfast SMBG 
target. 

• Use the titration algorithms in Figure IV.

Continue metformin and start basal-plus 
insulin
• Initiate and titrate basal insulin if not yet in 

use (refer to Appendix 10.4).
• Add 4u rapid-acting insulin before the 

largest meal of the day and set the 
appropriate pre-prandial  SMBG target 
before the next meal (refer to Ch. 8).

• Titrate the rapid acting insulin dose to 
achieve the desired target; use the titration 
schedule in Figure IV.

• Progressively add rapid acting insulin for 
other meals as needed.

Continue metformin and combine basal 
insulin with a GLP-1RA 
• This combination can achieve similar 

HbA1C reductions compared to Options 1 
and 2, and is preferred especially in obese 
patients or where weight gain has been 
problematic.

•  Prefer exenatide if post-prandial 
hyperglycaemia is limiting glycaemic 
control.

• Prefer liraglutide if fasting hyperglycaemia 
is limiting control.

• Continue to titrate the basal insulin dose as 
per Figure IV.

Once daily titration according to 
last fasting SMBG level
(use pre-prandial SMBG for premix 
or bolus insulin).

Add basal insulin
Start with 10u at bedtime

Add a GLP-1RA§

Once weekly lowest of last 3 
fasting SMBG readings
(use pre-prandial SMBG for premix 
or bolus insulin)

Only if there are adequate 
resources to support insulin 
initiation and titration (refer 

to text)

Option 2

Aggressive titration33

SU = sulphonylurea; TZD = thiazolidinedione; DPP-4i= DPP-4 inhibitor; SGLT2i = SGLT2 inhibitor; GLP-1RA = GLP-1 receptor agonist; SMBG = self-monitoring  
of blood glucose
§Do not combine a GLP-1RA with a DPP-4 inhibitor or SGLT2 inhibitor.

Suboptimal glycaemic control with 3 anti-diabetic agents

Specialist referral is appropriate at any stage for suboptimal glycaemic control, problematic hypoglycaemia, unacceptable weight gain or the  
onset of microvascular or macrovascular complications.

GLP-1RA = GLP-1 receptor agonist; SMBG = self- monitoring of blood glucose
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11.4 Recommendations for glucose lowering drugs

(Reproduced from Chapter 9)

SEMDSA 2017 Recommendations for metformin

• Initiate standard-release metformin therapy in all newly 

diagnosed obese patients with type 2 diabetes.

• Initiate standard-release metformin therapy in all newly 

diagnosed non-obese patients with type 2 diabetes.

• Dosing: Start with 500 mg once daily and up-titrate the dose 

slowly every 10 to 14 days until glycaemic targets are met 

or side effects occur. Few patients will achieve and maintain 

glycaemic targets with 500 mg once daily. Most patients will 

require1000 – 2550 mg per day in two or three divided doses. 

The optimum dose for cardiovascular benefit in obese patients 

is 2550 mg/day (850 mg TDS). 

• If gastrointestinal (GI) adverse events are limiting, try 

temporarily reducing or discontinuing the drug, and re-titrate 

when the GI disturbances resolve. The GI side-effects with 

metformin extended-release is not different to the standard 

release when used as initial therapy; however patients who 

switch to the extended release may have improved tolerability. 

If GI disturbances remain intolerable with standard metformin 

tablets, try switching to a metformin extended release (XR) 

formulation and titrate the dose every 10-14 days again.

• The extended release formulation should be dosed once daily 

with the evening meal at a dose not exceeding 2000 mg/day. 

The 2000 mg dose can be taken as 1000 mg twice a day without 

disadvantages if the patient so prefers. Patients not achieving 

their glycaemic target with 2000 mg of the extended release 

may benefit from switching to a higher dose of the standard 

release metformin.

• Monitor renal function (eGFR) in all patients at least annually. 

Do not exceed 1000 mg/day if the eGFR is 30-45 ml/

min/1.73m2. Stop metformin therapy if the eGFR is < 30 ml/

min/1.73m2 

• The significance of low serum vitamin B12 levels associated 

with long-term metformin use is not known. Measure and 

treat whenever clinically appropriate.

• Profile of the patient in whom metformin may not be the 

preferred option: 

 ◦ Patients with irritable bowel syndrome or other chronic 

gastrointestinal disorders

 ◦ Normal weight individuals who do not wish to lose weight

 ◦ Patients at high risk for lactic acidosis (severe heart, lung, 

liver, renal or peripheral vascular disease)

 ◦ There is a history of metformin intolerance.

SEMDSA 2017 Recommendations for sulphonylureas

• The sulphonylurea of choice should be gliclazide modified-
release because:

 ◦ It has equivalent efficacy compared to other sulphonylureas.

 ◦ It is consistently associated with lower rates of 
hypoglycaemia and better cardiovascular and renal safety 
relative to other sulphonylureas.

 ◦ It has proven benefits for long-term microvascular disease 
outcomes.

• Glibenclamide must not be used at primary care level.

• Consider gliclazide modified-release as initial monotherapy 
when metformin is not tolerated or is contraindicated.

• Consider gliclazide modified-release as add-on (dual therapy) 
to metformin (or other initial drug therapy) in most patients 
not achieving or maintaining their glycaemic targets.

• If not already in use, consider gliclazide modified-release as a 
third glucose lowering drug.

• To convert treatment from another sulphonylurea to gliclazide 
modified-release, use the following dose conversion:

 ◦ Glibenclamide 5 mg ≈ Gliclazide modified-release 30 mg

 ◦ Glimepiride 1-2 mg ≈ Gliclazide modified-release 30 mg

• Only continue gliclazide modified-release beyond stage  
3 chronic kidney disease (when the eGFR is less 30 ml/min/m2) 
with specialist supervision.

• Circumstances where gliclazide MR may be preferred to other 
treatment options: 

 ◦ Gliclazide MR should be the preferred second drug for the 
majority of patients with type 2 diabetes.

 ◦ At diagnosis when rapid control of hyperglycaemic 
symptoms is required.

• Circumstances where gliclazide MR may not be the preferred 
option:

 ◦ The individualised glycaemic target is ≤ 6.5% (as the risk of 
hypoglycaemia may be unacceptably high with this target).

 ◦ There is a history of severe hypoglycaemia or hypoglycaemia 
unawareness.

 ◦ There is a history of recurrent hypoglycaemia (any degree) 
despite dose adjustments.

 ◦ The risk of hypoglycaemia is high and/or its consequences 
are severe.

 ◦ The patient has advanced liver disease.

SEMDSA 2017 Recommendations for pioglitazone

• Consider pioglitazone as initial monotherapy when metformin 
is contraindicated or not tolerated.

• Consider pioglitazone as add-on to metformin or other initial 
drug therapy, in selected patients not achieving or maintaining 
their glycaemic targets.

• Consider pioglitazone as a third non-insulin glucose lowering 
drug in selected patients not achieving or maintaining their 
glycaemic targets on an existing oral two-drug regimen.

• Circumstances where pioglitazone is preferred to other 
treatment options: 
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 ◦ Gliclazide MR is contraindicated or not tolerated.

 ◦ Non-alcoholic steatohepatitis is present.

 ◦ The patient has features of severe insulin resistance.

 ◦ There is a history of previous myocardial infarction, previous 
stroke or chronic kidney disease stage-3 (pioglitazone offers 
probable benefit for secondary prevention)

• Circumstances where pioglitazone may not be the preferred 
option:

 ◦ Age > 75 years old (risk of congestive heart failure (CHF), 
fracture and bladder cancer)

 ◦ History of congestive heart failure.

 ◦ History of osteoporosis. 

 ◦ History of bladder cancer, or haematuria that has not been 
investigated.

 ◦ Stage-4 or worse chronic kidney disease (risk of fluid 
retention).

 ◦ Patients on insulin therapy (higher risk of fluid retention and 
CHF).

 ◦ Elevated liver enzymes (>2x ULN) not due to NASH.

SEMDSA 2017 Recommendations for DPP-4 inhibitors

• Consider a DPP-4 inhibitor as initial monotherapy when 
metformin is contraindicated or not tolerated.

• Consider a DPP-4 inhibitor as add-on to metformin or other 
initial drug therapy, in selected patients not achieving or 
maintaining their glycaemic targets.

• Consider a DPP-4 inhibitor as the third glucose lowering 
drug in selected patients not achieving or maintaining their 
glycaemic targets on an existing oral two-drug regimen.

• Combination DPP-4 inhibitor and insulin therapy should be 
initiated at specialist level.

• Be aware of dose adjustments for chronic kidney disease.

• Circumstances where a DPP-4 inhibitor may be preferred to 
other treatment options: 

 ◦ As the 2nd add-on drug when gliclazide MR is contraindicated 
or not tolerated.

 ◦ As the 3rd add on drug for most patients if HbA1C targets are 
potentially achievable.

 ◦ Older patients with multiple comorbidities.

 ◦ Patients with stage-4 chronic kidney disease (can be used 
without risk of hypoglycaemia).

 ◦ If a fixed-dose combination tablet will improve adherence, 
compliance and/or cost-effectiveness.

• Circumstances where a DPP-4 inhibitor may not be the 
preferred option:

 ◦ Very high HbA1C and the glycemic target is not likely to be 
achieved with a DPP-4 inhibitor. 

 ◦ History of pancreatitis or pancreatic tumour.

 ◦ History of heart failure or high risk of heart failure 
(saxagliptin).

 ◦ Liver disease: moderate (do not use saxagliptin or 
vildagliptin) or severe (do not any DPP-4 inhibitor).

SEMDSA 2017 Recommendations for GLP-1 receptor 
agonists (GLP-1RA)

• Consider a GLP-1RA injectable as the third glucose lowering 
drug (triple therapy) in overweight and obese patients when 
glycaemic targets are not being achieved or maintained.

• Consider adding a GLP-1RA to existing basal insulin therapy 
(with oral therapies) as an alternative to intensifying the insulin 
regimen, especially when weight gain and/or hypoglycaemia 
is a limiting factor.

• Escalate the dose of GLP-1RA slowly to minimise side-effects.

• Circumstances where a GLP-1RA may be preferred to other 
treatment options: 

 ◦ Overweight and obese patients

 ◦ Weight gain or hypoglycaemia has been, or is likely to be 
problematic with other treatment options.

 ◦ HbA1C is very high (GLP-1RA and insulin are the most 
effective glucose lowering drugs for most patients).

 ◦ Patients with established cardiovascular disease (liraglutide 
benefit); to be managed at specialist care level.

• Circumstances where a GLP-1RA may not be the preferred 
option:

 ◦ Patients in whom weight loss is not desirable. 

 ◦ Patients with chronic gastrointestinal disorders.

 ◦ Patients with a history of pancreatitis or pancreatic tumour.

SEMDSA 2017 Recommendations for SGLT2 inhibitors 

• Do not use SGLT2 inhibitors as initial monotherapy

• Consider an SGLT2 inhibitor as add-on (dual therapy) to 
metformin (or other initial drug therapy) in selected patients 
not achieving or maintaining their glycaemic targets.

• Consider an SGLT2 inhibitor as the 3rd glucose lowering drug in 
selected patients not achieving or maintaining their glycaemic 
targets on an existing oral two-drug regimen.

• Circumstances where an SGLT2inhibitor may be preferred to 
other treatment options: 

 ◦ Overweight and obese patients.

 ◦ Weight gain or hypoglycaemia has been, or is likely to be 
problematic with other treatment options.

 ◦ Patients with established cardiovascular disease 
(empagliflozin benefit); to be managed at specialist care 
level.

• Circumstances where an SGLT2 inhibitor may not be the 
preferred option: 

 ◦ Patients with recurrent mycotic genital infections or urinary 
tract infections.

 ◦ Patients at risk for dehydration and hypotension.

 ◦ Patients at high risk for stroke, fracture (canagliflozin), 
amputation (canagliflozin),  bladder cancer (dapagliflozin) 
or ketoacidosis (refer to drug review).
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• Do not initiate SGLT2 inhibitors when the eGFR is < 60 ml/min/
m2.

• Stop all SGLT2 inhibitors when the eGFR is < 45 ml/min/m2.

Author: Aslam Amod
Editors: Zaheer Bayat, Ankia Coetzee, Nazeer A Mohamed,  
Joel A Dave, Tanya Kinvig and Fraser J Pirie
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12.1 Definitions

Hypoglycaemia in non-diabetic individuals is defined clinically by 
Whipple’s triad: symptoms of hypoglycaemia, a plasma glucose 
concentration < 3.0 mmol/l, and resolution of those symptoms 
after the plasma glucose concentration is raised.1 The symptoms 
are due to sympathoadrenergic activation (autonomic) and 
neuroglycopaenia, the symptoms of which are listed in Table I.

In diabetes a single glucose value cannot be used to define 
hypoglycaemia based on the onset of symptoms because 

SEMDSA 2017 Recommendations 

In diabetes patients using insulin and insulin secretagogues (sulphonylureas and meglitinides), hypoglycaemia is an 
important limitation to achieving optimal glycaemic control in individuals with diabetes 

A

Hypoglycaemia is defined as per the International Hypoglycaemia Study Group according to self-monitored blood 
glucose (SMBG) or continuous glucose monitoring (CGM) values: 

 ◦ The glucose alert value for hypoglycaemia is less than 3.9 mmol/L 

 ◦ Significant hypoglycaemia is a blood glucose value less than 3.0 mmol/L 

 ◦ Severe hypoglycaemia is any low blood glucose value that is accompanied by cognitive dysfunction and a need 
for external assistance to correct the hypoglycaemia. 

C

Identify patients at high risk of hypoglycaemia; they include patients using insulin and/or insulin secretagogues, 
those on multiple glucose lowering drugs, the elderly, those with renal, hepatic or cognitive impairment, patients 
who exercise or skip meals and those with excessive alcohol intake.    

A

Educate patients using insulin and/or secretagogues to be prepared for unexpected hypoglycaemia, to identify 
the symptoms of hypoglycaemia, to confirm the hypoglycaemia with SMBG whenever possible, and to correct 
the hypoglycaemia quickly; advise them that oral glucose (15-20g) is the preferred treatment for non-severe 
hypoglycaemia and offer them advice on alternative glucose sources.  

C

Use intravenous 50% dextrose water to correct severe hypoglycaemia; use 1mg subcutaneous or intra-muscular 
glucagon if there is no intravenous access.  

C

Severe hypoglycaemia is a strong associated risk factor for cardiovascular morbidity and mortality especially in 
people with pre-existing cardiovascular disease, and should be avoided by adjusting treatment or glycaemic targets.  

B

Individuals at risk for severe hypoglycaemia (e.g. those with a previous significant or severe hypoglycaemic episode, 
hypoglycaemia unawareness, cognitive impairment) must have a prescription for a glucagon kit; ensure adequate 
training of caregivers on how to store and use the glucagon kit.

C

Attempt to establish the cause of each hypoglycaemic episode and take appropriate remedial action.  Any episode 
of severe hypoglycaemia or hypoglycaemia unawareness must prompt a re-evaluation of the treatment regimen. 
Patients with recurrent severe hypoglycaemia and/or hypoglycaemia unawareness should be referred to an 
endocrinologist. 

C

Continuous glucose monitoring (CGM) can be used to evaluate patients with recurrent hypoglycaemic episodes and 
those with hypoglycaemic unawareness.  

B
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Table I: Symptoms and signs of hypoglycaemia

Autonomic Neuroglycopaenic

Sweating  
Warmth  
Anxiety  
Tremor  
Nausea  
Palpitations  
Tachycardia  
Hunger

Poor concentration
Drowsiness / dizziness
Confusion
Weakness
Visual disturbances
Speech abnormalities
Headache
Seizures
Coma
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the blood glucose level at which symptoms start varies 
in the same patient and between patients, depending on 
preceding glycaemic control; individuals with recurrent recent 
hypoglycaemia may only experience symptoms at much 
lower blood glucose levels (<3 mmol/L), and those with recent 
marked hyperglycaemia can have symptoms at blood glucose 
levels in the normal range (relative hypoglycaemia).2 The 
American Diabetes Association (ADA) therefore defines diabetic 
hypoglycaemia as “all episodes of an abnormally low plasma 
glucose concentration that expose the individual to potential 
harm” without specifying a numerical value. 

However, the ADA and other groups also identified the need 
for a blood glucose value that draws the attention of both 
patients and caregivers to the harm associated with potentially 
impending hypoglycaemia. This glucose alert value has been 
defined as a self-monitored blood glucose (SMBG) less than 3.9 
mmol/L for patients receiving treatment with insulin and/or 
insulin secretagogues.2,3 Clinically significant hypoglycaemia is 
defined by blood glucose <3.0 mmol/L. Severe hypoglycaemia 
is any low blood glucose associated with cognitive impairment 
and requiring external assistance for recovery.3 (Table II)

12.2 Clinical Implications of hypoglycaemia 

Hypoglycaemia is a common problem which is an important 
limitation to achieving optimal glycaemic control in individuals 
with diabetes who are treated with insulin and/or insulin 
secretagogues (viz. sulphonylureas and meglitinides). The short-
term implications range from unpleasant symptoms to severe 
cognitive impairment with the potential to cause harm to the 
individual with diabetes as well as to others. These episodes may 
result in falls, motor vehicle accidents or other injuries.4 Prolonged 
severe hypoglycaemia can cause transient neurological deficits 
such as paralysis, seizures, and coma. It may cause permanent 
neurological damage or brain death, and may be responsible for 
sudden death (the “dead in bed syndrome”).  

Potential long-term effects include reduced quality of life, fear 
of hypoglycaemia (which will impact glycaemic control) and 
weight gain. Hypoglycaemia has been associated with a greater 
risk of dementia:5,6 However, it is not clear whether this is cause 
or effect.

Clinicians should be aware of relative hypoglycaemia and patients 
should be encouraged to monitor their fingerprick glucose 
whenever they develop symptoms suggestive of hypoglycaemia. 

Hypoglycaemic episodes can occur in the setting of patients with 
elevated HbA1C levels making glucometer download of readings 
an important component of each consultation with a diabetic 
patient. Lipohypertrophy can result in erratic glucose readings, 
including hypoglycaemia. Therefore, all patients on insulin 
should have their injection sites inspected at each consultation.    

12.2.1 Severe hypoglycaemia and cardiovascular disease

Cardiovascular disease is a major cause of mortality in type 
2 diabetes and a reduction in cardiovascular outcomes has 
been the focus in 3 large glucose-lowering trials viz. ACCORD, 
ADVANCE, and VADT.7–9 Not only did these studies not 
demonstrate any cardiovascular benefit, but the ACCORD study 
had to be prematurely halted because of an increased mortality 
in the intensively treated arm as compared to the standard arm. 
Although the rates of severe hypoglycaemia were higher in 
patients who were treated with intensive therapy, several post 
hoc analyses have failed to determine the underlying cause of 
the higher mortality associated with strict glycaemic control.10–13 

Irrespective of whether severe hypoglycaemia is causal or a 
consequence of vulnerability, it remains a strong predictor of 
cardiovascular morbidity and mortality and should be avoided. 
It is acknowledged that the consequences of hypoglycaemia are 
greatest in those with severe hypoglycaemia, the frail, and those 
with pre-existing cardiovascular disease.13

Putative mechanisms by which hypoglycaemia may increase 
cardiovascular disease and death, if it is indeed causal, include 
inflammation, endothelial dysfunction, blood coagulation 
abnormalities and an increased sympathoadrenal response 
causing haemodynamic changes and cardiac rhythm 
abnormalities.14

 12.3 Risk factors for hypoglycaemia in the diabetic 
patient

These include: 

• Exercise (common)

• Decreased food intake (common): missed or late meals, or 
small meals

• Inappropriate insulin or insulin secretagogue use/dose

• Intensive treatment with combination therapy 

• Renal impairment

• Alcohol intake

• Lower cognitive function.

Table II: Classification of hypoglycaemia3

Level Glucose criteria (SMBG) Description

Glucose alert value
(Level 1)

Less than 3.9 mmol/L Sufficiently low for treatment with fast-acting 

carbohydrate and dose adjustment of glucose-lowering 

therapy 

Clinically significant hypoglycaemia 
(Level 2)

Less than 3.0 mmol/L Sufficiently low to indicate serious, clinically important 

hypoglycaemia

Severe hypoglycaemia
(Level 3)

No specific glucose threshold Hypoglycaemia associated with severe cognitive 

impairment requiring external assistance for recovery
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 12.4 Management

In the long-term, management should be aimed at preventing 
or decreasing the frequency and severity of hypoglycaemic 
episodes in those who are at risk such as the elderly.

12.4.1 Management of non-severe hypoglycaemia

Patients should be advised to check their SMBG level at the 
onset of hypoglycaemic symptoms, as this will avoid erroneous 
rapid correction of relative hypoglycaemia in those with 
hyperglycaemia / poor glycaemic control. SMBG confirmation, 
while preferable, should not delay corrective action. 

Patients who do not have hypoglycaemia unawareness should 
be able to correct the condition independently, quickly and early 
by ingesting 15 – 20 g glucose. This is equivalent to:

1. 15-20 g of glucose powder or glucose tablets

2. 3 to 4 teaspoons of sugar /sucrose (glucose + fructose) 
dissolved with a little water. 

3. ¾ cup or ½ a can (175 ml) of fruit juice or soft-drink

4. 6 to 8 Lifesavers or 2 to 3 Super-C sweets

5. 1 to 1½ tablespoons (15 to 20 ml) of honey  

If necessary, this step should be repeated within 10-15 minutes. 
Thereafter, slowly digestible carbohydrates (e.g. bread) and 
protein (e.g. milk) must be taken for prolonged restoration 
of the blood glucose. Patients using insulin and/or insulin 
secretagogues should always carry glucose or sucrose for 
emergencies in their pockets / handbags / cars.

12.4.2 Management of severe hypoglycaemia

The patient should be treated immediately. Once the patient has 
recovered, he or she should be admitted to hospital.

The following steps should be taken on presentation of a 
suspected hypoglycaemic patient:

1. Establish a large-bore intravenous (IV) line.

2. Administer an immediate, rapid IV injection of 20 - 50 ml of 
50% dextrose solution. 

3. Assess the clinical and biochemical response over the next 
5-10 minutes. If the blood glucose remains < 4.4 mmol/l, give 
a second IV injection of 20 - 50 ml 50% dextrose.

4. Continue the IV infusion of 10% dextrose in water, at a 
rate of about one litre over six hours, to prevent recurrent 
hypoglycaemia, particularly if induced by long-acting insulin 
and/or a sulphonylurea. For patients that are alcoholic or 
malnourished, continue the IV infusion with 5% dextrose in 
water plus thiamine100 mg intramuscular (IM) injection.

5. Once blood glucose is normal or has been elevated and the 
patient is awake, provide him or her with a snack.

6. If IV dextrose cannot be administered for any reason, inject 
1 mg glucagon IM or subcutaneously. The blood glucose will 
take 10-15 minutes to rise. Importantly, glucagon should not 
be used in sulphonylurea-induced hypoglycaemia, as it may 
worsen the condition by further stimulating insulin release. 

7. If the patient has not regained consciousness after  
30 minutes, despite normal or elevated blood glucose 

level, other causes of coma will need to be considered (e.g. 
meningitis). Urgent referral to a specialist is indicated.

8. Refer all patients with severe hypoglycaemia to hospital for 
observation and education to prevent further hypoglycaemic 
episodes.

9. In hospital, monitor the clinical state and blood glucose four-
hourly for 24-48 hours.

10. Always try to identify the underlying cause of the 
hypoglycaemic episode.

Glucagon kits (GlucaGen HypoKit®)

A glucagon emergency kit should be available in all emergency 
rooms. In addition, patients who experience recurrent severe 
hypoglycaemia, those at very high risk for hypoglycaemia and 
those who are hypoglycaemia unaware should be given one of 
these kits for home use. Family members will need to be trained 
to reconstitute the powder and solvent, and can be taught to 
safely administer glucagon by subcutaneous or intramuscular 
injection when oral glucose cannot be administered. Warn 
patients to always check that the glucagon kit is not expired.

Some important points to consider:

If hypoglycaemia was caused by a sulphonylurea drug, the 
patient may need hospitalisation and IV dextrose or glucose 
infusion for several days, particularly if glibenclamide was the 
cause or renal impairment is present.

 Honey or glucose syrup can be rubbed on the gums of patients 
who have lost consciousness if other medication is not readily 
at hand.

12.5  Education

It is essential that the cause of each hypoglycaemic episode is 
established, and appropriate action is taken to prevent further 
episodes. All diabetic patients must be given education on the 
recognition and treatment of hypoglycaemia.

12.6 Recurrent hypoglycaemia

All patients with recurrent hypoglycaemia should be referred to 
a specialist facility for assessment.

Consider the following in cases of recurrent hypoglycaemia:

• Inappropriate management

• Poor adherence to treatment

• Alcohol abuse

• Self-induced hypoglycaemia

• Renal impairment / failure

• Hypoglycaemia unawareness

• Drug interactions / herbal toxins

• Liver disease

• Non-diabetic causes of hypoglycaemia e.g. insulinoma.

12.7  Hypoglycaemia unawareness

This complication occurs after recurrent episodes of 
hypoglycaemia, and is associated with hypoglycaemia-
associated autonomic failure. These patients do not exhibit 
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the early (autonomic) symptoms of hypoglycaemia, and 
consequently present with neuroglycopaenia (i.e. confusion, 
seizures, and coma). Recurrent hypoglycaemia may be the 
cause or consequence of hypoglycaemic unawareness. Evidence 
exists that, in some of these individuals, scrupulous avoidance 
of hypoglycaemia for several weeks may reverse hypoglycaemic 
unawareness. Patients with hypoglycaemia unawareness 
should be referred to an endocrinologist and advised to raise 
their glycaemic targets to strictly avoid hypoglycaemia for at 
least several weeks. Continuous glucose monitoring is useful in 
monitoring and managing these patients. 

Authors: Nasrin G Mahyoodeen and Kenneth RL Huddle
Editors: Aslam Amod and Joel A Dave
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The hyperglycaemic emergencies, diabetic ketoacidosis (DKA) 
and hyperglycaemic hyperosmolar state (HHS), should be 
suspected whenever patients have hyperglycaemia, especially 
if they are systemically unwell or are known to have diabetes. 
These conditions have significant morbidity and mortality, and 
emergency treatment with intravenous fluids and insulin is 
essential.

13.1 The hyperglycaemic emergencies

13.1.1 Diabetic ketoacidosis

Diabetic ketoacidosis (DKA) is characterised by uncontrolled 
hyperglycaemia, high anion gap metabolic acidosis and 
increased total body ketones. In South Africa, DKA carries a 
higher mortality than in the developed world. It can present 
at any age, although it is more common in young patients. It is 
important to note that urine ketone measurement is not reliable 
in the diagnosis of DKA.1 Urinary ketones are commonly detected 
during fasting, exercise or pregnancy even in the absence of 
any metabolic derangements. In DKA, the two main ketones 
produced are acetoacetate (AcAc) and betahydroxybutyrate 
(BOHB). Urinary dipstix only measures one of these ketone 
bodies and is also associated with false positive results.2 BOHB 
can be measured by lab or validated point of care testing (POCT) 
device. POCT lends itself ideally for use in the primary health care 
setting. Uncontrolled hyperglycaemia in the presence of a BOHB 
level of >3.0 mmol/L indicates unequivocal DKA, whereas a level 
of <1 mmol/L excludes ketosis.3

The diagnosis of DKA can be made on the following criteria:

1. Hyperglycaemia - plasma glucose prior to insulin 
administration > 13.9 mmol/l

2. Acidosis - indicated by blood pH < 7.3 or bicarbonate below 
18 mmol/litre

3. Ketonaemia - indicated by blood beta-hydroxybutyrate  
> 3 mmol/litre.

13.1.2 Hyperglycaemic hyperosmolar state

The hyperglycaemic hyperosmolar state (HHS) is characterised 
by the slow development of marked hyperglycaemia (usually  
> 50 mmol/l), hyperosmolality and severe dehydration. Ketonuria 
may be slight or absent. The condition usually affects middle-
aged or older patients and carries a high mortality. The initial 
treatment is the same as for DKA.

13.2 Precipitating factors

The clinician should attempt to identify the precipitating 
factor for DKA once resuscitation has been initiated. The most 
common precipitating factor is infection. Other precipitants 
include discontinuation of insulin, myocardial infarction and 
cerebrovascular accident. In elderly patients, restricted water 
intake can lead to dehydration and precipitate HHS. Drugs such 
as diuretics may exacerbate this. Note that a hyperglycaemic 
crisis can be the presenting feature of both type 1 and type 2 
diabetes (e.g. ketosis prone diabetes). In a significant proportion 
of patients, no precipitant can be identified. 

SEMDSA 2017 Recommendations 
Blood beta-hydroxybutyrate is the preferred  test for the diagnosis and monitoring of diabetic ketoacidosis. B

Hyperglycaemic emergencies should ideally be managed in a high-care/ICU setting with standardised protocols for 
management and monitoring.

C

A protocol that incorporates the following principles should be followed:

 ◦ fluid resuscitation

 ◦ avoidance of hypokalemia

 ◦ insulin administration

 ◦ avoidance of rapidly falling serum osmolality

 ◦ search for precipitating cause.

C

Administration of sodium bicarbonate in patients with a pH > 6.9 is not recommended. B

The insulin infusion rate must be maintained, even when blood glucose has normalised, until DKA has resolved. 
Avoid hypoglycaemia by changing the IV fluid to dextrose when the plasma glucose is < 14 mmol/L.

B

Urinary ketones alone should not be used to confirm the resolution of DKA as this can be misleading. Use a 
combination of clinical and biochemical measurements to confirm resolution instead.

B

When transitioning to subcutaneous insulin, care must be taken to overlap this with insulin infusion. B
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13.3 Clinical features

DKA usually develops acutely (within days), whereas HHS usually 
evolves over a longer time period (several days to weeks). For 
both DKA and HHS, the classical clinical picture includes a history 
of polyuria, polydipsia, vomiting, dehydration, weight loss, 
weakness and change in mental status. This can vary from mild 
confusion to profound lethargy or coma, with the latter being 
more common in HHS. Focal neurological signs and seizures 
may occur in HHS but the presence of this should always alert 
the clinician to a possible underlying condition rather than 
attributing it to the metabolic derangement. Patients with DKA 
may complain of diffuse abdominal pain even in the absence 
of primary abdominal pathology. Physical findings may include 
Kussmaul breathing, and/or features of hypovolemic shock. 
History taking and examination should not delay the initial 
management and investigations. Rapid treatment is essential. 
Once initial resuscitation has been established the patient should 
be managed at an institution experienced in the management of 
these conditions, ideally in a high care setting. Table I provides a 
summary of the characteristics of DKA and HHS, to aid with the 
recognition of these conditions.

13.4 Treatment of hyperglycaemic emergencies at 
primary-care level

Rapid treatment is essential and should not be delayed. 

The following steps should be followed when treating 
hyperglycaemic emergencies in the primary-care setting:

• Confirm the diagnosis and initiate management as per 
algorithm provided.

• Intravenous (IV) fluids: 

• IV fluid administration should ideally start with normal saline 
but if not available can be achieved with other isotonic 
solutions.4 In a young patient with suspected DKA, infuse 
one litre of normal saline over the first hour. In older patients, 
change fluid to half normal saline after the first litre.

• Administer hourly boluses of ten (10) units of regular insulin 
IV, until the patient is transferred to hospital. If IV access is 

problematic, insulin can be given intramuscularly (IM) or 
subcutaneously (SC) in the interim.5,6,7,8

• Arrange transfer to a hospital experienced in the management 
of hyperglycaemic emergencies. 

• Clear instruction should be provided for the continued 
management during transport.

13.5 Management of hyperglycaemic emergencies in 
hospital

Refer to Appendix 13a and 13b for a suggested management 
algorithm and monitoring protocol. 

13.5.1 General
• Patients should be managed in a high care/ICU setting, but 

management should not be delayed until a high care bed is 
available.

• Mild DKA has been managed in an outpatient setting by 
means of insulin.9,10 This is not recommended as the South 
African primary health care context differs markedly from 
those where this practice is accepted.

• A thorough investigation for precipitating factors such 
as infective processes (usually urinary tract and skin) and 
myocardial ischaemia etc. should be undertaken.

• If infection is suspected antibiotics should be initiated. The 
choice of antibiotics and continued use thereof should be 
based on the accepted antibiotic guidelines of the specific 
institution.

• Should there be delay in the resolution of DKA (usually resolves 
< 48 hours) a meticulous search for occult infections should 
be undertaken. This includes otitis media and externa, rhino-
cerebral mucormycosis, occult abscesses, pyelonephritis, 
cholecystitis, osteomyelitis and tuberculosis. 

• Prompt surgical intervention should not be delayed even in 
the presence of metabolic derangements. 

• An elevated white cell count should not be over-interpreted as 
this may occur solely on the basis of DKA.

• Prophylactic antithrombotic treatment is essential.

Table I. Differentiation between the different types of hyperglycaemic coma

DIABETIC KETO-ACIDOSIS (DKA) HYPERGLYCAEMIC
HYPEROSMOLAR COMA (HHS)

History Known T1DM
Newly-diagnosed DM

Known T2DM
Newly-diagnosed DM

Precipitants Infection, non-compliance on insulin Infection, MI, CVA, diuretic use contribute to 
dehydration.

Age frequency Younger patients Usually older persons

Onset Hours to days Days to weeks

Symptoms Polyuria, polydipsia, anorexia, nausea, vomiting, 
abdominal pain

Polyuria, polydipsia, increasing somnolence

Signs Kussmaul respiration –deep sighing breathing, 
dehydration, confusion, nausea, vomiting 

Severe dehydration, mental status changes, focal 
neurological signs and/or seizures*. 

Urine ketones Strongly positive Positive or negative

Serum ketones Strongly positive Negative or only weakly positive

Blood glucose Raised Markedly raised

Blood pH Decreased Normal or slightly decreased

Serum bicarbonate Low Normal or slightly decreased

* Exclude underlying pathology. 
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• Aspiration must be anticipated and prevented. Insert a 
nasogastric tube if the patient is comatose or has gastric 
dilatation.

• Frequent reassessment of the patient’s condition is necessary. 
The responsible doctor must keep a meticulous flow chart of 
the hourly recordings of clinical and biochemical progress and 
treatment.

• The rate of insulin infusion needs to be adjusted hourly until 
the expected rate of decline in blood glucose is achieved.

13.5.2 Investigations

The following special investigations should ideally be performed:

Blood tests:

• Glucose, urea and electrolytes (calculate the anion gap), full 
blood count and differential, and glycated haemoglobin 
(HbA1C)

• Venous blood gas

• Validated plasma, serum or capillary betahydroxybutyrate 
(BOHB).

Urine tests:

• Dipstick test for nitrites, blood and protein

• Microscopy, culture and sensitivity, if indicated

Chest X-ray

ECG

Other investigations, as appropriate, to investigate for the 
precipitant of the hyperglycaemic emergency (e.g. blood 
cultures, sputum culture, cardiac enzymes). Table II provides a list 
of the laboratory findings which are expected in hyperglycaemic 
emergencies.

13.5.3 Treatment

13.5.3.1 Intravenous fluids

• DKA: The average fluid deficit in an adult presenting with DKA 
is 5-10 litres. Patients should receive 1-1.5 litres of fluid in the 
first hour,11 and thereafter 250-500ml per hour. The aim is to 
replace 50% of the fluid deficit during the first 12 hours after 
presentation, and the remainder within the next 12-16 hours.12 
Normal saline or Ringer’s lactate are good choices for initial 

fluid resuscitation. Hyperglycaemia is corrected faster than 
ketoacidosis,11 and 5% dextrose solution should be used once 
the glucose falls to < 14 mmol/l to prevent hypoglycaemia. 
If hyperchloraemic (normal anion gap) acidosis occurs in the 
recovery phase of DKA, minimise hyperchloraemia by using 
0.45% saline or 5% dextrose water.

• HHS: If there is no cardiac compromise, the patient can 
be given one litre of normal saline in the first hour. The 
subsequent choice of fluid replacement and rate of infusion 
depends on serum sodium, state of hydration and urinary 
output. If the corrected serum sodium is normal or high, 0.45% 
saline infused at 250–500 ml/hour is appropriate. In patients 
with renal or cardiac compromise, frequent monitoring of 
serum electrolytes, central venous pressure and urine output 
is necessary to avoid fluid overload. The fluid replacement 
guideline is specific to adult patients. Please refer to paediatric 
guidelines for patients younger than 18 years. Paediatric 
patients are at increased risk of cerebral oedema if they are 
fluid overloaded.

13.5.3.2 Insulin

Intravenous short or rapid acting insulin is preferred for the 
treatment of hyperglycaemic emergencies. Serum potassium 
should always be checked before insulin infusion.

Continuous insulin infusion at a rate of 0,14 units/kg/hour in a 
high care or ICU setting with intensive glucose monitoring is 
the standard of care for the management of DKA.11 However, 
treatment of DKA should not be delayed when ICU is not available. 
It is not advisable to use an insulin infusion outside of ICU or 
high-care due to the higher risk of hypoglycaemia. Other insulin 
regimens (IM or IV boluses of 10 units of regular insulin hourly13 
as per institution protocol) may be used if the patient is nursed 
in the general ward. In either case, capillary glucose should be 
measured hourly to detect and prevent hypoglycaemia and to 
assist guiding the rate of insulin infusion. The insulin infusion 
should be titrated hourly (per institution protocol) in order to 
address the degree of hyperglycaemia appropriately and to 
prevent hypoglycaemia. 

The switch to subcutaneous insulin can only be made when the 
hyperglycaemic emergency has resolved:

Table II. Laboratory findings in hyperglycaemic emergencies

Diabetic Ketoacidosis (DKA) Hyperglycaemic 
Hyperosmolar Coma 

(HHS)Mild Moderate Severe

Plasma glucose mmol/l > 13.9 > 13.9 > 13.9 > 33.3

Serum HCO3 mmol/l 15 - 18 10 - 14 < 10 >18

Serum ketones Positive Positive Positive May be present

Anion gap >10 >10 >12 Variable

Blood pH 7.25 – 7.30 7.00 – 7.24 < 7.00 > 7.30

Serum osmolality Variable Variable Variable > 320

Mental status Alert Alert/drowsy Stupor/coma Stupor/coma
Anion gap = Na+ - (CI- + HCO3-)
Osmolality = 2(Na+ + K+) + urea + glucose



Chapter 13: Hyperglycaemic emergencies S67

The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S67

• The patient is fully conscious and eating

• Anion gap normalised, acidosis resolved (pH > 7.3 Bicarbonate 
> 18 mmol/l)

• Blood glucose < 15 mmol/l

• BOHB < 1 mmol/l.

13.5.3.3 Potassium

Withhold potassium initially if the ECG and/or serum potassium 
level reveal marked hyperkalaemia. Start potassium therapy 
immediately if serum potassium is normal or low and/or the ECG 
is normal and the patient is passing urine. If the initial potassium 
is < 3.5 mmol/l, start replacement before insulin infusion to 
avoid severe hypokalaemia and its complications of arrhythmias 
or respiratory muscle weakness.11 Four-hourly potassium 
monitoring will guide the need for replacement, as shown in 
Table III.

Table III. Guide to potassium replacement

Serum K+

<3.0 mmol/l

3.1 - 4.0 mmol/l

4.1 - 5.5 mmol/l

>5.5 mmol/l

Treatment

- 40 mmol KCl per litre IV fluid

- 30 mmol KCl per litre IV fluid

- 20 mmol KCl per litre IV fluid

- omit KCl

13.5.3.4 Bicarbonate

The use of bicarbonate in the treatment of DKA is controversial. 
In both prospective and retrospective studies of patients in 
DKA, treated with or without sodium bicarbonate, there were 
no differences in cardiac or neurological function, incidence 
of hypokalemia or hypoglycaemia, or rate of recovery from 
ketoacidosis.14-16 There are no prospective randomised studies 
that have used bicarbonate in patients with a pH < 6.9. To date,  
evidence does not justify the use of bicarbonate in the treatment 
of DKA in general.17

Author: Daksha Jivan
Editors: Ankia Coetzee, Zaheer Bayat and Aslam Amod

References
1. Laffel L. Ketone bodies: a review of physiology, pathophysiology and application 

of monitoring to diabetes. Diabetes Metab Res Rev. 1999 Nov; 15(6):412-26. 

2. Coetzee A, Hoffman M, Ascott-Evans BAE. South African Medical Journal 2015; 
105(9):756-9. DOI:10.7196/SAMJnew.7889.

3. Sheikh-Ali M, Karon BS, Basu A, et al. Can serum beta-hydroxybutyrate be used 
to diagnose diabetic ketoacidosis? Diabetes Care 2008; 31(4):643-7.

4. Kitabchi A E, et al. Management of hyperglycemic crises in patients with 
diabetes. Diabetes Care 2001(24); 131-53.

5. Fisher J N, Shahshahani M N, Kitabchi A E. Diabetic ketoacidosis: low dose insulin 
therapy by various routes. N Engl J Med. 1977;297(5):238-41.

6. Alberti K G, Hockaday T D, Turner R C. Small doses of intramuscular insulin in the 
treatment of diabetic “coma”. Lancet. 1973;2(7828):512-22.

7. Clumeck N, Detroyer A, Naeije R, et al. Small intravenous insulin boluses in the 
treatment of diabetic coma. Lancet. 1975;2(7931):416.

8. Hayton W, Grisafe J A. Pharmacokinetics – dosing regimens for insulin. Diabetes. 
1976;25:771-5. 

9. Umpierrez G E, Cuervo R, Karabell A, et al. Treatment of diabetic ketoacidosis 
with subcutaneous insulin aspart. Diabetes Care. 2004; 27:1873-8.

10. Umpierrez G E, Latif K, Stoever J, et al. Efficacy of subcutaneous insulin lispro 
versus continuous intravenous regular insulin for the treatment of patients with 
diabetic ketoacidosis. Am J Med. 2004;117:291-6.

11. Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycaemic crises in adult 
patients with diabetes. Diabetes Care. 2009;32(7):1335-1343.

12. Eledrisi MS, Alshanti MS, Shah MF, et al. Overview of the diagnosis and 
management of diabetic ketoacidosis. Am J Med Sci. 2006;331(5):243-251.

13. Jivan D. 2011. A comparison of the use of normal saline versus Ringer’s lactate 
in the fluid resuscitation of diabetic ketoacidosis, MMed thesis, University of the 
Witwatersrand.  http://wiredspace.wits.ac.za//handle//10539/12476. Published 
March 4, 2013. Accessed April 15, 2017. 

14. Morris LR, Murphy MB, Kitabchi AE. Bicarbonate therapy in severe diabetic 
ketoacidosis. Ann Intern Med. 1986;105:836-840.

15. Viallon A, Zeni F, Lafond P, et al. Does bicarbonate therapy improve the 
management of severe diabetic ketoacidosis? Crit Care Med. 1999;27:2690-2693.

16. Lever E, Jaspan JB. Sodium bicarbonate therapy in severe diabetic ketoacidosis. 
Am J Med. 1983;75:263-268.

17. Chua HR, Schneider A, Bellomo R. Bicarbonate in diabetic ketoacidosis – a 
systematic review. Ann Intensive Care. 2011;1(1):23.



The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S68

J E M D S A
ISSN 1608-9677           EISSN 2220-1009 

© 2017  The Author(s)

S E M D S A  G U I D E L I N E S

14.1 Introduction 

Hyperglycaemia is commonly encountered among hospitalised 
patients with some studies reporting a prevalence of 39.3%.1 
It is the fourth most common condition listed on all hospital 
discharge forms and can occur in patients with or without 
diabetes mellitus(DM).2,3 Traditionally in-hospital hyperglycaemia 
(IHH) has been referred to as “stress hyperglycaemia” and despite 
being common, many patients remain undiagnosed. Even when 
recognised, it is often overlooked and treatment is suboptimal.4 
Putative mechanisms for “stress hyperglycaemia” include 
increased circulating levels of pro-inflammatory cytokines and 
counter-regulatory hormones caused by acute illness. 

Initially this was thought to be an adaptive mechanism with 
possible benefits, however this myth has been dispelled by 
overwhelming evidence indicating that IHH is associated 
with adverse clinical outcomes and increased mortality.2,5,6 

IHH correlates with the length of hospitalisation, number of 
rehospitalisations, morbidity and mortality.4 Hyperglycaemia 
per se may be associated with an enhanced risk for infection 
as a result of impairment of the innate immune system. It has 
also been demonstrated to potentiate coagulation and increase 
the risk of thrombosis. These effects are further exacerbated in 
the presence of systemic inflammation.7-9 The management of 
hyperglycaemia in hospital can be challenging due to variations 
in nutrient composition, changes in the frequency and timing of 
food intake, usage of diabetogenic drugs and the development 
of renal or other organ dysfunction. 

14.2 Definition and aetiology of hyperglycaemia in 
hospital

The American Association of Clinical Endocrinologists (AACE) and 
the American Diabetes Association (ADA) consensus statement 
on inpatient glycaemic control defines hyperglycaemia as a blood 

SEMDSA 2017 Recommendations 

Inpatient hyperglycaemia is defined as a blood glucose level > 7.8 mmol/l B

Efforts should be made to monitor and avoid hypoglycaemia as it has unequivocally been associated with an 
increased mortality

A 

HbA1c should be performed in all patients with IHH at the time of first detection, unless performed in the prior 2-3 
months 

C 

Bedside blood-glucose (BG) monitoring is a useful tool to monitor response to therapy and helps to guide titration of 
antihyperglycaemic therapy, especially insulin

C

Fasting and preprandial blood glucose targets generally should be < 8 mmol/l, and random glucose values < 10 
mmol/l.

C

Insulin therapy is the preferred form of treatment of in-hospital hyperglycaemia (IHH) B

The use of “sliding-scale insulin” regimen is not recommended A

In patients who are maintained nil per os, prandial insulin dose should be suspended. Patients previously on basal 
insulin , should be maintained on this therapy

B

More frequent blood glucose monitoring should be done in patients who are receiving glucocorticoid therapy C

Among non-critically ill patients, scheduled subcutaneous insulin consisting of three separate components, basal, 
nutritional, and correctional doses, is the preferred method for achieving and maintaining glucose control 

A

Critically-ill patients in ICU and high-care settings are best managed with intravenous insulin therapy using a 
validated insulin infusion protocol 

C

With regards to enteral feeds, in patients with diabetes the use of diabetes-specific formulas is recommended B

In patients receiving total parenteral nutrition(TPN) , insulin can be added to the TPN solution to maintain euglycaemia B

Following discharge, patients should be screened for diabetes after 6 weeks  C 
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glucose level > 7.8 mmol/l.2  Three categories of hyperglycaemia 
can be identified: 

1. Known diabetes: past history of DM has been documented 

2. Unrecognised DM: patients with DM but previously 
undiagnosed. This requires confirmation by standard 
diagnostic criteria after hospitalisation

3. Hospital-related hyperglycaemia: hyperglycaemia occurring 
during hospitalisation but reverts to normal after discharge. 

Distinguishing between categories of hyperglycaemia at 
the bedside may be difficult, but in general does not impact 
fundamentally on management principles. Following discharge, 
it is important to investigate patients appropriately for DM.

14.3 HbA1C measurement

In patients without a history of diabetes, an elevated HbA1C is 
suggestive of unrecognised DM whilst a normal HbA1C favours 
stress hyperglycaemia. It is also likely that patients with an elevated 
HbA1C would require ongoing anti-hyperglycaemic therapy upon 
discharge from hospital. A normal HbA1C would suggest that the 
hyperglycaemia may resolve following resolution of the acute 
illness. HbA1C determination is recommended in all patients with 
IHH at the time of first detection, unless performed in the prior 
2-3 months. Important caveats however do exist, and need to 
be taken into consideration when interpreting HbA1C within the 
context of the underlying illness, use of blood products etc.

14.4 Blood glucose monitoring 

There are no data to support specific recommendations regarding 
glucose monitoring. Bedside blood-glucose (BG) monitoring is 
a useful tool to monitor response to therapy and helps to guide 
titration of antihyperglycaemic therapy, especially insulin. In 
addition, BG monitoring is vital in detecting hypoglycaemia, 
which is an obstruction to the achievement of good glycaemic 
control and an important cause of morbidity. BG monitoring 
with use of point-of-care (POC) glucose meters is performed 
before meals and at bedtime in most inpatients who are eating 
usual meals.2 However, the frequency and timing of bedside BG 
monitoring must be individualised. If intensification of insulin 
therapy is desired, 2-hour post-prandial BG levels should ideally 
also be performed. Postprandial testing assists in optimal insulin 
dose titration. BG monitoring should also be performed at 2am 
(overnight) if nocturnal hypoglycaemia is a concern. Patients 
who are receiving continuous enteral or parenteral nutrition 
require BG monitoring every 4 to 6 hours. Healthcare institutions 
should have standardised treatment protocols that aim to 
prevent and address mild, moderate and severe hypoglycaemia 
appropriately. Healthcare workers should be educated about risk 
factors for hypoglycaemia, such as a sudden reduction/cessation 
of oral intake or discontinuation of enteral or parenteral nutrition.

Continuous glucose monitoring (CGM) systems have the 
potential to detect hypoglycaemia more effectively than POC 
meters. However, there is currently no evidence that employing 
CGM translates into better glycaemic control. Therefore, CGM is 
not recommended in adult hospitalised patients until studies 
are able to show greater efficacy and safety compared to POC 
meters.

14.5 Glycaemic Targets in non-critically ill patients 

Recommendations are based on clinical experience and 
judgement since there are no prospective, randomised, 
controlled trials providing clear evidence for specific blood 
glucose goals. Fasting and preprandial blood glucose targets 
generally should be < 8 mmol/l, and random glucose values  
< 10 mmol/l. More stringent targets may be appropriate for 
stable patients with previous tight glycaemic control, provided 
these targets can be safely achieved

14.6 Pharmacological therapy for hyperglycaemia in 
hospitalised patients

14.6.1 Oral and non-insulin injectable agents

In general, oral agents are considered unsuitable for in-hospital 
management of hyperglycaemia. Sulphonylureas have been 
associated with severe and prolonged hypoglycaemia in patients 
with reduced or limited oral intake.11 Thiazolidinediones have a 
delayed onset of action and are also contraindicated in patients 
with congestive heart failure or in those with haemodynamic 
instability.12 Metformin has been associated with lactic acidosis, 
and risk factors for this complication include cardiac disease, 
decompensated chronic heart failure, hypoperfusion, renal 
insuffciency, advanced age, and chronic pulmonary disease.13 
Many of these conditions cluster amongst hospitalised 
patients, and are either relative or absolute contraindications to 
metformin use, making metformin an unfavourable choice for 
therapy. Metformin should be suspended in patients requiring 
intravenous radio-contrast 48 hours before the planned 
administration and restarted no sooner than 48 hours after the 
procedure. 

No large-scale studies have investigated the efficacy, safety and 
outcomes of oral agents in hospitalised patients. Furthermore, 
oral agents cannot be titrated rapidly to achieve desired 
glycaemic targets, and therefore have a limited role to play 
in the treatment of IHH. They should be reserved for mild 
hyperglycaemia in non-critically ill patients with previously 
well-controlled diabetes who eat regular meals and in whom 
there are no specific contraindications to therapy.1,5 Information 
on the use of incretin therapy including injectable non-insulin 
therapies such as glucagon-like peptide-1 (GLP-1) analogues 
and oral dipeptidyl-peptidase 4 (DPP-4) inhibitors are limited 
to small studies in specific groups of patients and are generally 
well tolerated. Treatment with sitagliptin plus basal insulin 
was shown to be as effective and safe as basal-bolus insulin 
regimen in patients with type 2 diabetes in the non-intensive-
care setting.10 However, insulin therapy remains the preferred 
method for achieving acceptable glucose control in the hospital 
setting.2 

14.6.2 Insulin

Insulin therapy forms the basis of treatment for IHH. It can 
facilitate more effective glycaemic control compared to oral and 
non-insulin injectable agents. Insulin is the most potent agent 
available against hyperglycaemia, has a more rapid onset of 
action compared to oral agents, and can easily be titrated and 
adapted to optimise the glycaemic control of in-hospital patients 



Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)S70

The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S70

with varying therapeutic requirements. Although insulin is the 
ideal agent for IHH, the type of insulin regimen employed is 
crucial to the successful management of hyperglycaemia. 

Insulin may be administered subcutaneously (SC) or intravenously 
(IV). SC insulin therapy can be administered as basal-bolus 
therapy, sliding-scale insulin therapy, a split-mixed regimen of 
neutral protamine Hagedorn (NPH) insulin and regular insulin, 
or basal insulin with correction doses of short-acting insulin. 
Basal-bolus therapy, the most intensive regimen, is ideal for the 
management of IHH, since it addresses both basal requirements 
and prandial glucose excursions. Sliding-scale insulin therapy 
is inferior to basal-bolus therapy with respect to glycaemic 
control and is not recommended. Split-mixed NPH and regular 
insulin administered twice daily before breakfast and supper 
have been shown to be comparable to basal-bolus therapy, 
but lack the flexibility of basal-bolus, in that they require strict 
adherence to scheduled meals. IV insulin is generally reserved 
for the critical care environment. Caution should be exercised 
before implementing IV therapy outside the critical care setting, 
since inadequate monitoring and poorly trained staff can lead to 
morbidity and mortality from hypoglycaemia.    

With respect to the selection of insulin type, most studies of IHH 
have employed the use of analogue insulins. Short-acting human 
insulins are likely to have similar efficacy but slower onset of 
action compared to rapid-acting insulin analogues. Rapid-acting 
insulin analogues, such as insulin aspart, lispro and glulisine, 
which can be injected just a few minutes before the meal, would 
be beneficial in the hospital setting where the timing of meals 
may vary.

14.7 Management in non-critically ill patients

Oral agents are generally considered unsuitable and insulin 
remains the ackbone of anti-hyperglycaemic therapy in-hospital. 
However, situations where oral agents would be acceptable 
do exist and include patients with mild hyperglycaemia and 
previously well-controlled diabetes who are eating regular meals 
and in whom there are no specific contraindications.1,5 Stable 
patients with type 2 diabetes who use insulin at home should 
continue their pre-admission insulin regimen, with adjustment 
as required. Those on oral agents alone can safely be switched to 
insulin in-hospital.

Sliding-scale insulin (SSI) therapy, though widely utilised, is not 
recommended. It has been shown to be inferior to basal-bolus 
insulin therapy for glucose control in non-critically ill patients 
with type 2 diabetes.14 SSI therapy is reactive in its approach, 
due to the fact that hyperglycaemia is only treated after it 
has occurred. It has been associated with higher rates of both 
hyper- and hypoglycaemia.15 The Randomized Study of Basal 
Bolus Insulin Therapy in the Inpatient Management of Patients 
with Type 2 Diabetes (RABBIT 2 trial) clearly demonstrated that 
a proactive approach utilising the basal-bolus insulin algorithm 
is simple and more effective than SSI therapy with respect to 
glucose control in non-critically ill patients with type 2 diabetes.14

The preferred method for achieving and maintaining glucose 
control is scheduled SC insulin therapy consisting of three 

separate components ie. basal, nutritional (prandial), and 
correctional (supplemental) doses.16 Prandial insulin provides 
enough insulin to cover caloric exposure at mealtimes, during 
IV fluid therapy, total parenteral nutrition and enteral tube 
feeding. However, prandial insulin does not cater for pre-meal 
hyperglycaemia. Therefore, correction dose or “supplemental” 
insulin is needed in addition to scheduled prandial and basal 
insulin to correct pre-meal hyperglycaemia.16 

14.7.1 How to initiate scheduled SC insulin therapy

When starting insulin therapy for the first time in hospital, it is 
appropriate to estimate the daily insulin requirement for each 
individual. Fifty per cent of the total daily dose (TDD) of insulin 
should be prescribed as basal insulin and the remaining 50% 
should be divided equally between meals as either short- or 
rapid-acting insulin. The estimated TDD requirement can be 
based on a patient’s body weight and depends on the degree 
of insulin resistance. The initial dose should be between 0.2-0.5 
units/kg body weight. It is important to note that the initial dose 
of insulin is only an estimate and does not usually provide ideal 
control. The response to insulin must be assessed frequently and 
on an ongoing basis, with appropriate titration of the insulin 
dose to achieve control. Various factors may affect the optimal 
glycemic control in the in-patient setting. This includes but is 
not limited to: predetermined meal-times, sedentary behaviour 
as well as medications and therapies that may alter insulin 
sensitivity. Depending on the glycaemic target and response to 
insulin, the dose is adjusted accordingly. These dose alterations 
depend on the results of bedside glucose monitoring, whilst 
attempts are made to minimise the risk for hypoglycaemia.

14.7.2 Supplemental (Correction dose) Insulin

Patients receiving scheduled SC insulin may continue to have 
hyperglycaemia for a variety of reasons, and may principally 
be due to suboptimal insulinisation. In this instance, small 
supplementary doses of regular insulin or a rapid-acting 
analogue can be given, in addition to any scheduled insulin 
doses. It cannot be overemphasised that supplemental insulin, 
also referred to as “correction dose” of insulin, is not intended 
to replace scheduled insulin17, but rather to augment it. For 
example, if patients have been prescribed prandial insulin but 
continue to have hyperglycaemia, they should receive the 
scheduled prandial dose PLUS the correction dose. Patients 
being kept NPO that develop hyperglycaemia may also benefit 
from correction dose insulin at 6 hourly intervals. 

Correction doses can either be based on a predetermined scale 
(Table I) or by calculation using accepted formulae. Using a 
predetermined scale to advise on correction (supplemental) 
dosing is simpler and takes the level of hyperglycaemia and 
clinical assessment of insulin sensitivity into consideration. An 
example of a correction dose scale is shown in Table I. Another 
method to calculate the correction dose uses the correction 
factor (CF), also known as the insulin sensitivity factor. This 
provides an index of expected reduction in glucose with each 
unit of insulin administered. The CF is calculated using the so-
called “rule of 100” or “rule of 85”. This is done by dividing either 
100 (for rapid-acting insulin) or 85 (for short-acting insulin) by 
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the patient’s total daily insulin dose (TDD). Correction Dose = 
(Actual blood glucose - target blood glucose) divided by CF.

Correction doses should generally not be given within four hours 
of each other, and should be avoided if frequent, severe or recent 
episodes of hypoglycaemia have occurred. The amount of insulin 
used as correction dose therapy may be used to guide further 
changes in scheduled insulin doses. Approximately 80% of the 
total daily correction dose can be added to the scheduled insulin 
for the following day, 50% of which can be added to the basal 
insulin component, and the remaining 50% added to prandial 
component with doses equally divided among the meals. 

14.7.3 Patient receiving enteral feeds

Enteral feeding may cause or exacerbate IHH, resulting in 
adverse outcomes. In patients with diabetes the use of diabetes-
specific formulas is associated with improved glycaemic control 
when compared to standard formulas.20 Enteral feeds, may 
be administered on a continuous basis, as boluses or in some 
instances nocturnally scheduled. Various strategies of insulin 
administration including: daily long acting insulin analogues; 
pre-mixed insulins and 12 hourly NPH with or without scheduled 
regular insulin 6 hourly. 

Bolus enteral feeds mimic the usual prandial glucose excursions, 
and are probably best treated with basal-bolus therapy. The 
timing of bolus doses must coincide with delivery of the bolus 
enteral feeds. In addition, basal insulin would still be required 
to address fasting and inter-feed glycaemia. Patients receiving 
only nocturnal enteral feeds can be managed with NPH insulin, 
administered upon commencement of the feed. Any other 
prandial caloric exposure can be covered with scheduled bolus 
doses of regular insulin. The major concern with insulin therapy 
in patients receiving enteral feeds is the risk of hypoglycaemia if 
feeding is suspended. Therefore, protocols need to be in place 
that will enable staff to pre-empt and react to such occurrences 
promptly. If enteral feeding is stopped, insulin should also be 
immediately withheld and a 10% dextrose-containing infusion 
commenced to prevent hypoglycaemia. 

14.7.4 Patients receiving total parenteral nutrition (TPN)

Total parenteral nutrition (TPN) associated hyperglycaemia has 
also been linked with adverse clinical outcomes.21 Regular insulin 
can be added to the TPN solution to maintain euglycaemia. The 
starting dose can be commenced at 0.1 units/g of carbohydrate 
contained in the TPN (one unit of regular insulin per 10 g of 
carbohydrate). In cases of severe hyperglycaemia, it is advisable 
to use IV insulin therapy. In addition, IV insulin therapy may be a 
useful way of determining the total daily insulin requirements. 
Once glucose control has stabilised, IV insulin therapy can 
be replaced with the addition of regular insulin to the TPN, at 
a dose of approximately 80% of the TDD. In patients with type 
2 diabetes, it may be possible to provide half the TDD as basal 
insulin, and the remaining dose as regular insulin into the TPN. 
SC correction doses of regular insulin are also advised, to deal 
with hyperglycaemia related to an inadequate TDD prescription. 
Approximately 80% of the total daily corrective insulin dose can 
be added to the following day’s scheduled insulin.

14.7.5 Patients being maintained nil per os (NPO)

Previously prescribed scheduled prandial insulin doses should 
be suspended. However, patients who previously received basal 
insulin (including once-daily, long-acting analogues and once- 
or twice-daily NPH insulin) should still be maintained on this 
therapy. Glycaemic targets are maintained with correction doses 
of regular or short-acting analogue insulin that can be given 
six hourly (see correction dose calculation). Patients being kept 
NPO for prolonged periods should be maintained on a dextrose 
infusion to prevent hypoglycaemia.

14.7.6 Patients using continuous insulin infusion therapy 
(CSII) 

Continuous subcutaneous insulin infusion (CSII) pump therapy, 
though infrequently utilised in South Africa may be encountered 
in a few patients. Although continuation of pump therapy is 
desirable, it is in most instances not possible. The lack of expertise 
of most health care practitioners (HCP) with this modality 
renders it undesirable. It is therefore recommended that during 
hospital admissions, CSII is temporarily stopped unless the 
attending HCP’s have the necessary accredited training and 

Table I: Insulin Correction Dose scale

Bedside BG (mmol/l)* LEVEL 1 LEVEL 2 LEVEL 3

8.0-10.0 1 2 3

10.1-12.0 2 4 6

12.1-14.0 3 6 9

14.1-16.0 4 8 12

16.1-20.0 5 10 15

> 20 6 12 18

Use of this scale depends on fasting or pre-meal BG readings*
Select the level of the scale based on the patient profile : 
 LEVEL 1: Insulin sensitive patients (eg. patients who are not eating, elderly patients, and those with impaired renal function)
 LEVEL 2: Usual patients (eg. patient who is able to eat all or most of his/her meals)
 LEVEL 3: Insulin resistant patient (eg. patients receiving glucocorticoids and those treated with more than 80 U/d before admission)
The “Correction Dose” is to be added to scheduled insulin dose.
Correction doses administered at bedtime should be reduced by 50%.
If a patient develops hypoglycaemia or has a history of hypoglycaemia, decrease regular or rapid-acting insulin from the insulin-resistant to the usual column or from the 
usual to the insulin-sensitive column

Table I has been adapted from Umpierrez et al18 and Magaji et al19
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experience. Whenever CSII therapy is suspended, patients 
should be converted to subcutaneous insulin therapy until CSII 
can be recommenced. Where staff and patient have the required 
competence in insulin pump therapy, CSII may be continued 
provided this can be accomplished safely and adequate supplies 
are available. It is necessary to clearly document the details of 
basal rates, bolus and correction dosing in the treatment chart.

14.7.7 Patients receiving glucocorticoid therapy

Steroid therapy has the potential to induce or exacerbate 
hyperglycaemia.  The use of steroids necessitates greater 
vigilance with glucose monitoring. Some studies have 
reported multiple hyperglycemic episodes occurring in 52% of 
hospitalised patients.22 The effects of steroids are not necessarily 
uniform and its glycaemic consequences may possibly be 
affected by a number of patient factors, route of administration, 
total administered dose and these require further investigation. 
However, it has been shown that patients with multiple episodes 
of hyperglycaemia have more comorbid diseases, longer duration 
of corticosteroid therapy, and longer duration of hospital stay.22 
The management of glucocorticoid induced hyperglycaemia 
has not been adequately investigated. The most rational 
approach is to determine the degree of hyperglycaemia and 
appropriately intervene with insulin therapy. The type of insulin 
regimen to be employed is not stipulated but should be able to 
provide basal, nutritional and supplemental insulin (if required). 
Current recommendations advise heightened vigilance for 
hyperglycaemia in the 48 hours after commencing steroids.2 More 
frequent BG monitoring assists in determining the development 
and severity of hyperglycaemia, thereby guiding the need for 
insulin therapy as well as dosing. However, one important caveat 
to insulin therapy is to anticipate a reduction in glucose levels 
when steroid doses are reduced or steroids are withdrawn, which 
would then require an appropriate reduction in insulin dose or 
perhaps cessation, depending on BG monitoring.     

14.7.8 Perioperative glycaemic management

Hyperglycaemia affects immune function and may increase 
the risk for infection.7-9 In patients undergoing surgery, 
hyperglycaemia per se may adversely affect outcomes by 
increasing the risk of wound infection. Hyperglycaemia also 
increases the risk of other postoperative infections.21 In surgical 
wards, postoperative wound infections have been shown to 
be the most common nosocomial infection, an important 
contributor to morbidity and mortality. Furthermore, wound 
healing can also be affected. 

Strict glycaemic control has been shown to improve surgical 
outcomes in patients undergoing cardiac surgery and critically ill 
surgical patients. However, more robust evidence is still needed 
to confirm the efficacy of tight glycaemic control in preventing 
perioperative infections. 

14.7.9 Discharging patients from hospital

Patients that were previously well controlled on oral agents and 
are clinically stable, may be recommenced on oral medication 
prior to discharge, provided they do not have contraindications 
to oral agents and are maintaining a regular eating pattern. 
Patients with poor control or contraindications to oral antidiabetic 

therapy require continuation of insulin therapy. These patients 
require in-hospital education on insulin self-administration and 
titration. They also need to be taught to recognise and manage 
hypoglycaemia. Follow-up must be arranged to reassess control 
in patients with diabetes.

14.8 Critically ill patients 

Acute hyperglycaemia in the intensive care setting is not unusual 
and results from a number of factors, including stress-induced 
counter-regulatory hormone secretion, and medications 
administered in the ICU.24 Hyperglycaemia in this setting has 
effects on multiple systems, including the cardiovascular, 
neurological and immune systems.24 The results of early studies 
investigating the advantages of intensive insulin therapy in 
critical care patients were positive. The landmark study by Van 
den Berghe et al25 demonstrated impressive benefits of intensive 
glycaemic control with IV insulin infusion, in predominantly 
surgical patients admitted to the ICU who required mechanical 
ventilation. A subsequent analysis of a more heterogeneous ICU 
population with predominantly medical patients demonstrated 
a reduction in mortality, length of stay, renal dysfunction and 
requirement of transfusion among those receiving intensive 
glycaemic control with an IV insulin infusion protocol.25

However, more recent randomised, controlled studies in critically 
ill patients have not shown the substantial mortality benefits that 
were previously described. The largest randomised, controlled 
study, the Normoglycaemia in Intensive Care Evaluation-Survival 
Using Glucose Algorithm Regulation (NICE-SUGAR) study, 
included 6 104 critically ill patients. Patients were randomised 
to intensive and conventional treatment groups, with target 
glucose ranges of 4.5–6.0 mmol/l and ≤ 10.0 mmol/l, respectively. 
The final mean blood glucose values achieved in the two groups 
were 6.4 and 8.0 mmol/l respectively. Mortality at 90 days was 
unexpectedly higher in the intensively treated arm (27.5% vs. 
24.9%, p = 0.02). The two groups did not differ in terms of days 
spent in the ICU, hospital stay or days on mechanical ventilation 
or renal dialysis. Of note, the risk of severe hypoglycaemia was 
significantly greater in the intensively treated arm (6.8% vs. 0.5%, 
P < 0.001). There were no differences between the two groups for 
other outcomes. These findings do not diminish the advantages 
of glycaemic control, but instead indicate that targeting near-
normal glucose levels (< 6.0 mmol/l) is not advisable and may, 
in fact, be detrimental. A meta-analysis of 26 trials that included 
the NICE-SUGAR study, showed a mortality benefit for intensive 
glycaemic control among surgical ICU patients only albeit with a 
significant risk for hypoglycemia.26  

Based on the available evidence, insulin therapy should be 
initiated for persistent hyperglycaemia, starting at a threshold 
of no greater than 10 mmol/l.2 Once insulin therapy has 
been commenced, it is recommended that glucose values be 
maintained between 7.8-10 mmol/l.2 Although lacking evidence, 
more stringent goals, such as 6.1–7.8 mmol/l, may be appropriate 
for selected patients, as long as this can be achieved without 
significant hypoglycaemia. Targets < 6.1 mmol/, however, are 
not recommended. 
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Critically ill patients in ICU and high-care settings are best 
managed with IV insulin using a well validated insulin infusion 
protocol. There are a number of published IV insulin infusion 
protocols that are safe and effective. Before commencement 
of IV insulin infusion therapy, clinicians should ensure that 
regular, accurate BG monitoring is feasible. An adequate staff 
complement and expertise are needed to ensure safe and 
successful implementation. The insulin infusion protocol must 
be readily accessible, legible and should specify the adjustments 
of insulin rates as well as the frequency of BG monitoring, based 
on the prevailing glucose level. Furthermore, nursing staff in 
the critical-care setting must be well educated on the selected 
insulin infusion protocol and importantly, the prevention and 
management of hypoglycaemia. Once stabilised and the patient 
is commenced on oral/enteral feeds, transitioning from IV insulin 
to scheduled SC insulin can be undertaken. SC insulin must 
overlap with IV insulin infusion for at least one (1) hour before 
discontinuing IV insulin infusion therapy. 

14.9 Hypoglycaemia

Hypoglycaemia has unequivocally been associated with an 
increased mortality. A protocol should be in place to respond to 
hypoglycaemia in-hospital. Staff should be aware of the protocol 
and adequately trained in its implementation. The development 
of hypoglycaemia should prompt a review of current anti-
hyperglycaemic therapy and adjustment if required. All incidents 
of hypoglycaemia and subsequent changes in treatment 
must be clearly documented. Staff should be aware of known 
precipitants of hypoglycaemia such as NPO status, reduction in 
oral intake, increase in insulin, reduction or interruption in NGT 
or TPN feeds etc.    
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The literature review for this guideline involved a Pubmed and 

Cochrane database review search up to 1 August 2016, as well 

as a review of Diabetes Guidelines from the ADA, IDF, AHA, and a 

Joint Statement by International Diabetes Organisations.  

Introduction

Obesity is a common association with type 2 diabetes, with 
a large proportion (80-90%) of patients being overweight or 
obese. Weight gain is a particularly strong risk factor for the 

SEMDSA 2017 Recommendations 

The body mass index (BMI) and waist circumference of all patients with type 2 diabetes must be recorded at every 
visit. 

C

Modest weight loss (5-10%) in overweight and obese individuals improves glycaemic control and cardiovascular risk 
factors. 

A

For obese or overweight patients with type 2 diabetes who are willing, an intensive lifestyle intervention focusing 
on diet, physical activity, and behavioural therapy should be available to support >5% weight loss over 6 months. 
Successful programmes require high frequency contact (weekly for 6 months and at least monthly thereafter for 
those who achieve their goals). Behavioural therapy can/should be offered in groups. 

A

The primary focus of the dietary intervention for weight loss should be on caloric restriction (aim for >500 to  
750 kcal deficit/day) irrespective of macronutrient composition, which is less important. 

A

Very low calorie diets must not be prescribed in the primary health care setting. C

For achieving and maintaining weight loss goals, encourage individuals to engage in at least 4 hours of moderate 
intensity exercise (e.g. brisk walking, dancing, gardening) per week.

Orlistat is the only weight-loss medication approved in South Africa and can be used as an adjunct to intensive 
lifestyle interventions in selected patients (BMI ≥ 27  kg/m2 with diabetes or BMI ≥ 30 kg/m2 with IGT). 

A

When choosing medications for the management of diabetes and co-morbid conditions, always consider the 
potential effects on weight in obese patients. If weight gain from other glucose therapies is problematic consider 
switching to drugs with a neutral or beneficial effect on weight (metformin, DPP-4 inhibitors, alpha-glucosidase 
inhibitors, GLP-1 agonists and SGLT2 inhibitors) 

C

Bariatric surgery is a treatment option for obesity and diabetes in patients whose BMI ≥ 35 kg/m2 and in selected 
patients with a BMI ≥ 30 kg/m2 when glucose levels are not controlled despite the best efforts with medications and 
lifestyle modification.  

B
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Table I: WHO Classification of Weight by Body Mass Index (BMI) in adults§

Classification International BMI  category (kg/m2) BMI Category for Asians

Underweight <18.5 <18.5

Normal weight 18.5–24.9 18.5-22.9

Overweight 25.0–29.9 23.0-24.9

Obese ≥30.0 ≥25.0

        Class I 30.0–34.9 25.0-29.9

        Class II 35.0–39.9 ≥30

        Class III ≥40.0

Formula to calculate BMI =  weight in kilograms divided by the square of the height in meters (kg/m2)

§ WHO/IASO/IOTF, “The Asia-Pacific perspective: Redefining obesity and its treatment. Health communications,” 2000. [Online] Available: http://www.wpro.who.int/
nutrition/documents/docs/Redefiningobesity.pdf. [Accessed on 20th Februrary’ 2017]



Chapter 15: Weight management in type 2 diabetes S75

The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S75

development of diabetes,1,2 and a 5 – 10% weight loss has 
been consistently associated with diabetes prevention (refer to 
Chapter 27). Current data from the SANHANES-13 report show 
that 1/3 of South African men and 2/3 of women are obese or 
overweight.4   The World Health Organisation (WHO) classification 
for weight is shown in Table I. 

Management of obesity is typically multifaceted and involves 
dietary changes, exercise, behavioural therapy, pharmacotherapy, 
and surgical options. 

Weight-loss goals

The aim in overweight patients with diabetes is to lose a 
minimum of 5-10% of body weight, as this has been shown 
to reduce cardiovascular risk factors.4-6 The optimal amount 
of weight loss is difficult to ascertain, but a minimum of 15% 
weight loss has been shown to have a marked impression upon 
glucose levels7 and even reversing diabetes.8 The durability 
of this approach to diabetes remission though has not been 
clearly demonstrated, apart from  bariatric studies, but does 
look promising.

Diet

The role of dietary manipulation in diabetes is an evolving 
one, but when it comes to weight loss, quantity adjustments 
of the diet in terms of caloric restriction is the most important 
component, more so than quality adjustments.9-14 Optional 
diets include the low fat, low-carbohydrate (may need to adjust 
hypoglycaemic therapy), and the Mediterranean diet. Very low 
calorie diets (VLCD) (< 800 calories per day) should only be 
prescribed in very carefully selected patients7. 

Very low-calorie diets that achieve substantial weight loss have 
been associated with remission of diabetes , but the practicality 
and durability of this approach, as mentioned earlier, requires 
further research7,8,15

There is no one diet that is applicable to all patients, and therefore 
each patient’s diet needs to be individualised. 

Exercise

Exercise16,17 is an important component in the management 
of diabetes, but currently still plays a secondary role to dietary 
caloric reduction when it comes to weight loss.

With regards to weight loss, physical activity of moderate 
intensity for longer than 225–420 minutes per week will result in 
about a 5-7.5 kg weight loss. There is a dose-response relationship 
between exercise and weight loss, with more exercise leading to 
greater weight loss. For weight maintenance, after weight loss 
has been achieved, 200-300 minutes of exercise per week is 
required.

For people with diabetes at a stable weight, moderate exercise 
for 150-250 minutes per week is required to prevent weight gain 
of > 3% in adults. Resistance training has not been shown to be 
particularly effective for weight loss, although there is limited 
evidence that it promotes the gain or maintenance of lean mass 
and loss of body fat during energy restriction. There is also some 

evidence that resistance training helps improves chronic disease 
risk factors.16,17 

Behavioural therapy

Behavioural therapy is an important component in supporting 
weight loss, and can be offered on an individual and/or group 
basis to help patients overcome problems and to help them to 
achieve their goals.5 

Pharmacotherapy

Currently, only orlistat is approved in South Africa as 
pharmacotherapy for weight loss, although other medications 
(phentermine-topamax, lorcaserin, natrexone-bupropion, and 
liraglutide 3.0mg) are licenced in other countries. Orlistat can be 
prescribed for patients with diabetes and a body mass index (BMI) 
≥ 27 kg/m2, as well as for those with impaired glucose tolerance 
and a BMI ≥ 30 kg/m2. If weight loss is < 5% in 3 months, then the 
medication must be stopped.18,19 

The SCALE study examined liraglutide 1.8 mg and 3.0 mg for 
weight loss in type 2 diabetes;20 mean placebo corrected weight 
loss was 2.7% and 4% for the 1.8 mg and 3.0 mg dose, and 20% 
and 35% of patients lost >5% weight respectively (placebo 
corrected). 

The single exit price including VAT for these drugs as at March 
2017 was as follows:

1. Orlistat 120 mg TDS x 28 days: R945.67 

2. Liraglutide 1.8 mg/day (registered dose for diabetes)  
x 30 days:  R2145.97.

Drugs with a neutral or beneficial effect on weight, such as 
metformin, DPP-4 inhibitors, GLP-1 agonists, SGLT2 inhibitors 
and alpha-glucosidase inhibitors may be the preferred choice of 
treatment for overweight or obese patients, especially if weight 
gain is problematic with other therapies. 

Bariatric surgery for type 2 diabetes 

Bariatric surgery has been a major advancement in 
the treatment of obese people with diabetes in recent 
years. It should be considered for patients who have 
reached physical maturity and have type 2 diabetes with  
a BMI≥ 35 kg/m2.21-31 The surgery must be performed in an 
experienced multidisciplinary unit. The benefits of surgery 
extend beyond improving glycaemic control, as multiple other 
comorbidities are also positively affected. With regards to 
the complications of diabetes, particularly microvascular and 
macrovascular complications, cancer and mortality, there is 
currently only observational data on the influence of bariatric 
surgery.31 This data does, however, show some promise with 
regards to the aforementioned endpoints. Bariatric surgery has 
been shown to reduce mortality.42

Bariatric surgery for patients whose BMI is under 35 kg/m2 can 
only be considered  in those in whom glucose levels are not  
controlled by adequate medication usage and appropriate 
lifestyle changes.31-41 
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The BMI threshold in patients of Asian descent should be  
2.5 kg/m2 lower than for Caucasians (ADA recommendation).

Bariatric surgery is not without its complications, and therefore 
regular structured follow-up is essential to pre-empt potential 
complications, with particular attention being paid to those 
complications relating to nutritional deficiencies.43

The choice of procedure (Roux-en Y gastric bypass, biliopancreatic 
diversion with duodenal switch, sleeve gastrectomy and gastric 
banding) is to be individualised by the Bariatric Centre.

Summary

Weight loss for overweight/obesity in patients with diabetes 
must be considered as an integral part of management. The 
optimal means to lose weight involves multiple options, and 
must be individualised for each patient. Bariatric surgery is the 
most effective intervention for those who fail to achieve weight 
loss goals with lifestyle modification but is not without cost or 
complications.
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16.1 Introduction

Although hyperglycaemia is the most obvious feature of 
type 2 diabetes mellitus it is conceptually useful to think of 
type 2 diabetes as a vasculopathic disorder that damages 
both small (microvascular) and large (macrovascular) vessels. 
Dyslipidaemia is a major contributor to macrovascular disease, 
or atherosclerosis, which accounts for up to 70% of all diabetic 
mortality. Type 2 diabetes is therefore considered a coronary 
artery disease risk equivalent and dyslipidaemia as well as other 
cardiovascular risk factors should be looked for and aggressively 
treated in every patient with diabetes.1

16.2 Managing cardiovascular risk in type 2 diabetes

The risk of CVD for people with type 2 diabetes is increased 
two to three fold in men and three to five fold in women 
compared with people without diabetes.2 Abnormal glucose 
metabolism (dysglycaemia) that does not meet diagnostic 
criteria for diabetes is already associated with increased 
cardiovascular risk. Outcomes following myocardial infarction, 
stroke or revascularization are also worse in patients with 
diabetes compared to non-diabetic individuals. Atherosclerosis 
is often accelerated, severe and diffuse in diabetes. Chronic 
hyperglycaemia is an additional risk factor for atherosclerosis 

in patients with diabetes and adds to the well-known standard 
risk factor burden of race, gender, hypertension, dyslipidaemia, 
smoking, social deprivation and obesity.3 Table I summarises the 
traditional modifiable risk factors for CVD and the recommended 
target values in diabetes. 

Estimating CVD risk in type 2 diabetes

Risk scoring in diabetes is useful in obtaining more accurate 
numeric risk estimates, but is generally not needed for deciding 
whether to start lipid-lowering therapy or not as diabetes is 
considered to be a coronary risk equivalent and therapy is 
therefore indicated in almost all cases.4,5 The ACC/AHA guidelines 
also recommend more aggressive lipid-lowering therapy if the 
individuals calculated risk is high.6 

16.3 The metabolic syndrome

The metabolic syndrome, or insulin resistance syndrome, has 
become one of the major public health challenges worldwide7. 
Over the past few decades the prevalence has increased 
exponentially, affecting up to 25% of Western populations. This 
increase has paralleled the global epidemic of obesity.

The metabolic syndrome increases the risk of developing diabetes 
approximately fivefold, and doubles the risk of atherosclerotic 

SEMDSA 2017 Recommendations 

Type 2 diabetes is considered a coronary artery disease risk equivalent and dyslipidaemia as well as other 
cardiovascular risk factors should be looked for and aggressively treated in every patient with diabetes

A

In most diabetic subjects, the risk is due to LDL that contributes the bulk of total cholesterol but hypertriglyceridaemia may 
also contribute to atherosclerotic cardiovascular risk and may in some cases cause pancreatitis. Hypertriglyceridaemia 
of 10 to 15mmol/L requires urgent intervention to diet and diabetes control to avoid pancreatitis.

B

Lowering LDL-cholesterol, particularly with statin therapy, reduces the risk of major cardiovascular events. A

Statins are the first-line  agents for lowering LDL-cholesterol levels. A

Achieving the LDL-cholesterol level is the primary goal of therapy A

Statin therapy should be added to lifestyle therapy, regardless of baseline lipid levels, for all patients with type 2 
diabetes who:

 ◦ Have existing cardiovascular disease (i.e. ischaemic heart disease, cerebrovascular disease or peripheral vascular 
disease).

 ◦ Have chronic kidney disease (eGFR < 60 ml/minute/1.73m2).

 ◦ Are either older than 40 years of age or have diabetes of longer than 10 years’ duration, with one or more additional 
cardiovascular risk factor, i.e. hypertension, cigarette smoker, low HDL-cholesterol level, family history of early 
coronary heart disease, and  any albuminuria

A

Monitor LDL-cholesterol 3 months after therapy is instituted or therapy adjusted and then annually once at target. C
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cardiovascular disease.6 Features characteristic of the syndrome 
include abdominal obesity, atherogenic dyslipidaemia (elevated 
serum triglyceride and lowered HDL cholesterol), hypertension 
and elevated fasting glucose. Other ancillary conditions may 
include the polycystic ovarian syndrome (PCOS), non-alcoholic 
fatty liver disease (NAFLD) and sleep apnoea.

Criteria for the diagnosis of the metabolic syndrome are shown 
in Table II. The presence of three of the five listed criteria is 
sufficient to make a diagnosis of the metabolic syndrome. 
Drug treatment specifically targeted at any one of criteria 2-5 
makes that criterion positive even if the measured variable falls 
below the cutoff. Population- and country-specific definitions of 
elevated waist circumference are provided in Table III.

Pharmacotherapy may play a role in the management of 
the metabolic syndrome, but lifestyle change, namely diet 

adjustment, weight loss and regular exercise, are the cornerstone 

of therapy.  Lifestyle change can delay, or even prevent, the onset 

of type 2 diabetes in patients with the metabolic syndrome (Refer 

to “Prevention and delay of type 2 diabetes mellitus”). Statins are 

also frequently used in subjects with the metabolic syndrome. 

With statin therapy, the risk of developing diabetes is increased 

by a rate of 0.1% per year. However most people aged 50 years or 

older have a 10-year risk of a cardiovascular event exceeding 10%. 

Combining information from 13 individual studies (involving a 

total of 91 140 patients) showed that treating 255 patients with 

statins for 4 years led to one extra case of diabetes mellitus, 

whereas 5.4 cardiovascular events were prevented.  Therefore 

the cardiovascular benefit of statin therapy far exceeds the risk 

of developing diabetes.8

Table I: CVD risk factors and targets for patients with type 2 diabetes

Traditional CVD risk factors Targets

Cigarette smoking Cessation

Dyslipidaemia

Total cholesterol <4.5 mmol/L

LDL cholesterol <1.8 mmol/L

HDL cholesterol > 1.0 mmol/L (men)
>1.2 mmol/L (women)

Triglycerides <1.7 mmol/L

Obesity

Waist circumference <94 cm (men); <90 cm (men of South Asian descent)
<80 cm (women)

Body mass index <25 kg/m2

Hypertension

Systolic blood pressure <140 mmHg

Diastolic blood pressure <90 mmHg

LDL = low density lipoprotein; HDL = high density lipoprotein

Table II. Harmonised criteria for the clinical diagnosis of the metabolic syndrome7

Measure Categorical cut points

Elevated waist circumference Population- and country- specific definitions (Table III)

Elevated triglycerides§ ≥ 1.7 mmol/l

Reduced HDL cholesterol§ Men < 1.0 mmol/l
Women < 1.3 mmol/l

Elevated blood pressure§ Systolic ≥ 130 mmHg and/or 
Diastolic ≥ 85  mmHg

Elevated fasting glucose§ ≥ 5.6 mmol/l
§If the patient is receiving treatment directed at this variable the criterion is counted as positive

Table III. Population- and relevant country-specific definitions of elevated waist circumference

Men Women

Sub-Saharan Africa ≥ 94 cm ≥ 80 cm

Europid ≥ 94 cm ≥ 80 cm

Asian ≥ 90 cm ≥ 80 cm

Chinese ≥ 85 cm ≥ 80 cm
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16.4 Diabetic dyslipidaemia

Atherosclerosis accounts for up to 70% of all diabetic mortality 
in white, mixed race and Asian patients. Atherosclerosis is 
still uncommon in black patients, but is on the increase. Lipid 
disturbances are common in diabetes and are an important 
contributor to the high incidence of vascular disease. Lipid 
abnormalities should therefore be looked for and treated in 
every patient with diabetes.  

The most frequently encountered lipid disturbances in type 2 
diabetes are mildly to moderately increased serum triglycerides 
and decreased HDL cholesterol. Moderate triglyceride elevation 
(2-5 mmol/L) usually indicates that the concentration of remnant 
lipoproteins (partially metabolised VLDL and chylomicrons) is 
increased. Remnant lipoproteins are highly atherogenic. LDL-
cholesterol levels are often not very elevated but the LDL particles 
tend to be small and dense. Thus the LDL-C concentration may 
be misleading as there will be more LDL particles for any given 
cholesterol concentration. Measuring apolipoproteinB (apoB) 
reflects the total number of atherogenic lipid particles. Non-
HDL-C (calculated as TC-HDLC) reflects all cholesterol carried in 
atherogenic lipid particles and provides similar, but not identical, 
information to apoB measurements. 

Although elevated LDL-C is not the major lipid abnormality 
in patients with type 2 diabetes, clinical trials have clearly 
demonstrated that reduction of LDL-C particularly with statin 
treatment reduces the risk for major cardiovascular events9 
(Level A). 

Patients with poorly controlled type 1 diabetes often have 
elevated triglyceride and, to a lesser extent, cholesterol levels. 
In well-controlled patients, the levels of total cholesterol, 
triglycerides and LDL cholesterol are similar to those of non-
diabetic individuals. Individuals with diabetic renal disease, 
both microalbuminuria and frank proteinuria, have higher total 
cholesterol, LDL cholesterol and triglyceride levels, and lower 
HDL cholesterol levels.  

16.4.1 Goals of therapy

LDL-C is the primary target of lipid-lowering therapy. The 
focus on LDL-C is supported by results of large, controlled 
clinical trials that have demonstrated that LDL-C lowering with 
statins will reduce the risk of major cardiovascular events and 
reduce all-cause mortality. Importantly the benefits of statin 
therapy are independent of the baseline LDL-C value. Although 
lowering triglycerides, as a surrogate for remnant lipoprotein 
cholesterol, and increasing HDL-C are both intuitively appealing 
and biologically plausible interventions clinical trials thus 
far (nicotinic acid, fibrates, cholesterol ester transfer protein 
inhibitors) have failed to demonstrate cardiovascular event rate 
reductions. Further research is ongoing in this area.  

The ideal lipid profile of a patient with diabetes is:
Total cholesterol < 4.5 mmol/l
LDL cholesterol  < 1.8 mmol/l
HDL cholesterol > 1.0 mmol/l in men, and  
  > 1.2 mmol/l in women
Triglycerides  < 1.7 mmol/l

16.4.2 Monitoring serum lipids

At the first visit, the total cholesterol and triglyceride levels 
should be checked. If either is elevated, a fasting lipogram 
(10 hour fast) should be performed (i.e. total cholesterol, 
triglycerides, HDL cholesterol and calculated LDL cholesterol). If 
the laboratory is able to measure LDL-C directly it is not essential 
for patients to fast, but the non-fasting state should be taken 
into account when interpreting triglyceride levels. In patients 
with hypertriglyceridaemia triglycerides may vary markedly 
according to the composition and timing of the last meal and 
fasting triglycerides are best for serial comparisons. If the results 
of the fasting lipogram are satisfactory, this test should be 
repeated annually. If the levels are unsatisfactory, the test should 
be repeated in three months, after the patient has been following 
an appropriate lipid-lowering diabetic diet, weight reduction has 
been encouraged, glucose control has been established, and 
lipid-lowering therapy has been instituted, or the dose of lipid-
lowering therapy has been adjusted.

16.4.3 Nonpharmacological therapy 

Diet is the cornerstone of therapy. Severe hypertriglyceridaemia 
(TG > 10 – 15 mmol/L) usually responds particularly well to 
dietary triglyceride restriction. All diabetic patients should 
receive standard advice on healthy eating habits and preferred 
food choices as also discussed in the chapter on medical 
nutrition therapy. 

Calories: The calorie content of the diet must be adjusted to 
achieve ideal body weight. Even moderate weight loss (e.g. 
5-10%) can be of great value in improving dyslipidaemia and 
glycaemia.

Fats: There is limited evidence on the ideal macronutrient 
composition of the diet in patients with diabetes. The type 
of fat consumed is probably more important than the total 
amount of fat in patients without severe hypertriglyceridaemia. 
Mediterranean style diets high in monounsaturated fatty acids 
have been shown to improve glycemic control, lipid parameters 
and outcomes in patients with type 2 diabetes. Trans fats 
should be avoided because of their proven negative effect on 
cardiovascular outcomes, while saturated fat intake should be 
limited to less than 7% of total caloric intake. The consumption 
of oily fish should be encouraged. Routine prescription of 
omega-3 supplements for the primary or secondary prevention 
of cardiovascular disease is not supported by randomised 
controlled trials. Omega-3 supplements in sufficiently high doses 
(2-4 g/day) can decrease moderately elevated triglycerides. 

Fibre: The fibre content of the diet should be increased aiming 
for an intake of around 14 g per 1000 kcal consumed.

Alcohol: In the presence of obesity and/or hypertriglyceridaemia, 
alcohol should be avoided. Otherwise, alcohol should be 
restricted to maximally one (in females) or two (in males) units 
per day.

Poor metabolic control is a contributor to diabetic dyslipidaemia, 
and it is important to ensure that the glycaemic control 
is adequate. Adequate glycaemic control is particularly 
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important in patients with severe hypertriglyceridaemia  
(TG>10 -15 mmol/L) where it is the most common 
secondary precipitating factor.10 In patients with severe 
hypertriglyceridaemia and poorly controlled diabetes initiation 
or intensification of insulin therapy should not be delayed. 

Secondary causes of hyperlipidaemia (e.g. hypothyroidism, renal 
disease, medications [corticosteroids, retinoic acid derivatives, 
protease inhibitors, oestrogen,  sirolimus and others] and alcohol 
abuse) must always be excluded.

16.4.4 Pharmacological therapy
• Achieving the recommended LDL-cholesterol level is 

the primary goal of therapy. Statins are the first-line 
agents for lowering LDL cholesterol in patients with 
diabetes. In patients unable to achieve LDL cholesterol 
goals on the maximum dose of a highly potent statin (i.e. 
atorvastatin or rosuvastatin), or in those unable to tolerate 
a sufficiently potent statin dose, combination therapy 
of a statin with ezetimibe should be considered. There is 
now also outcome evidence for the clinical utility of statin 
+ ezetimibe combinations from the recently published  
IMPROVE-IT trial.11 

• The addition of a fibrate or another triglyceride-lowering drug 
may be considered if triglyceride levels remain > 2 mmol/l, 
but only after reaching the LDL-cholesterol target with a 
statin. However, ideally these patients should be referred 
for specialist assessment as there is currently considerable 
uncertainty regarding optimal lipid management in diabetes 
beyond LDL cholesterol lowering. Clinical trials conducted 
to date do not support triglyceride reduction as a means to 
reduce CVD risk in diabetic subjects. Similarly there is little 
evidence to show that raising HDL-C with drug therapy 
reduces cardiovascular risk.

• Statin therapy should be added to lifestyle therapy, 
regardless of baseline lipid levels, for all patients with type 
2 diabetes who:

• Have existing cardiovascular disease (i.e. ischaemic heart 
disease, cerebrovascular disease or peripheral vascular 
disease).

• Have chronic kidney disease (eGFR < 60 ml/
minute/1.73m2).

• Are either older than 40 years of age or have had diabetes 
for longer than 10 years, with one or more additional 
cardiovascular risk factor, i.e. hypertension, cigarette 
smoker, low HDL-cholesterol level, family history of early 
coronary heart disease, and any albuminuria.

• Drug interactions should always be considered when 
prescribing a statin. For example, simvastatin should not be 
co-prescribed with most antiretroviral agents, and only low 
doses of simvastatin should be used with calcium-channel 
blockers. Simvastatin 80 mg/day should not be newly 
initiated in any patients.12

• In diabetic patients at lower risk (i.e. those without established 
cardiovascular disease or chronic kidney disease, or those 
younger than 40 years of age or who have diabetes of less 
than 10 years’ duration without additional cardiovascular 
risk factors), a targeted approach should be followed. Statin 

therapy should be considered if the LDL cholesterol is   
> 1.8 mmol/l.

• Specialist referral should occur when triglyceride levels are 
> 5 mmol/l in the controlled diabetic, or > 15 mmol/l before 
treatment.

16.4.4.1  HMG-CoA reductase inhibitors or Statins (e.g. 
simvastatin, atorvastatin, rosuvastatin, pravastatin, 
fluvastatin): The statins are powerful cholesterol-
lowering agents and are generally the lipid-lowering 
therapy of choice in diabetics. Statins lower serum 
cholesterol by 16-65%. Statin treatment in type 2 
diabetes has been shown to markedly reduce the 
risk of cardiovascular events and improve survival. 
Statins do not fully address all the abnormalities 
found in diabetic dyslipidaemia (low HDL cholesterol 
and high triglycerides) but their use is supported by 
extensive safety and efficacy data.9 Statins are safe in 
renal failure.

16.4.4.2   Fibric acid derivatives (e.g. bezafibrate, fenofibrate, 
gemfibrozil): Fibrates are indicated when there is 
severe hypertriglyceridaemia ( > 10-15 mmol/l) to 
reduce the risk of acute pancreatitis. Combination 
therapy with statins in those with moderate 
hypertriglyceridaemia, low HDL cholesterol and 
adequately controlled LDL cholesterol has intuitive 
appeal but lacks a definite evidence base. Specialist 
consultation is advised before initiating a statin + 
fibrate combination. Fibrate doses must be reduced 
in patients with renal failure. Gemfibrozil should not 
be used in combination with a statin. 

16.4.4.3      Cholesterol absorption inhibitors: Ezetimibe is 
a selective inhibitor of cholesterol uptake by 
the gastrointestinal tract. Ezetimibe lowers 
LDL cholesterol by 15-20%, and can be used in 
combination with statin therapy if LDL-cholesterol 
goals are not achieved with statin therapy alone. 

16.4.4.4     Bile acid sequestrants (e.g. cholestyramine): Bile acid 
sequestrants should be used with caution in the 
management of diabetic dyslipidaemia, as they 
can worsen hypertriglyceridaemia (especially if 
the baseline triglycerides are elevated) which may 
secondarily lower HDL-cholesterol levels.

16.4.4.5  Niacin: lowers triglycerides, lipoprotein(a), LDL 
cholesterol and increases HDL cholesterol. Niacin 
administration at higher doses leads to flushing 
as well as gout and can raise blood glucose; 
adjustments to treatment of dysglycaemia may 
be required. Niacinamide (nicotinamide) does not 
result in flushing but does not lower cholesterol.  
Trial evidence does not support the use of niacin for 
cardiovascular risk reduction in diabetic subjects. 

16.4.4.6     Newer therapies: The role of proprotein convertase 
subtilisin/kexin type 9 (PCSK9)-inhibitor therapy, 
microsomal triacylglycerol transfer protein (MTP) 
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inhibitor or cholesterol ester transfer protein (CETP) 
inhibitor therapy for the management of diabetic 
dyslipidaemia remains uncertain. These agents may 
have a role in the future if they are found to reduce 
cardiovascular risk in diabetic patients.
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Primary prevention 

Individuals with type I and type 2 diabetes mellitus are recognized 
to have accelerated cardiovascular age approximately 10 to 15 
years in advance of the chronological age.1 The management 
of diabetes mellitus seeks to address the consequent reduction 
in life expectancy evident in these individuals2 by addressing 
both behaviour and using targeted pharmacological therapies. 
The evidence for the use of aspirin in primary prevention of 
cardiovascular disease is lacking despite in vitro evidence of 
increased platelet aggregation that might be expected to 
benefit from platelet inhibition with aspirin. Tests in patients 
with diabetes suggest that platelets may be more resistant to the 
inhibitory effects of aspirin.3

Numerous studies have suggested that in the general population 
aspirin reduces non-fatal myocardial infarction in men who 
have no previous history of cardiovascular disease, but this data 
cannot be extrapolated to women. Prior to the Women’s Health 
Study (WHS) published in 2005, of the 5 trials addressing the 
primary prevention of cardiovascular disease with aspirin, 3 had 
been trials which exclusively assessed men. The WHS concluded 
that the use of aspirin for primary prevention in women 
resulted in a reduction of stroke risk without altering the risk of 
myocardial infarction or death from cardiovascular causes.4 The 
Antithrombotic Trialists’ meta-analysis reviewed 95, randomized 
trials of antiplatelet therapy that had been published up 
to 1997, including only 5000 individuals with diabetes in  
9 of the trials; when high risk subjects without diabetes were 
compared to subjects with diabetes, it was not possible to show 
any significant benefit in the subjects with diabetes.5

Specific primary prevention trials focusing on patients with type 
2 diabetes, including the Early Treatment of Diabetic Retinopathy 

Study, the Japanese Prevention of Atherosclerosis with Aspirin 
in Diabetes Trial and the Prevention of Progression of Arterial 
Disease and Diabetes (POPADAD) Trial have failed to show any 
clinically significant benefits for mortality, myocardial infarction 
or stroke.6- 8

Conversely, aspirin use increases the risk of gastrointestinal 
bleeding by 50% to 70% regardless of dose or formulation; 
this risk may be increased in individuals with diabetes but also 
individuals > 70 years of age.9

The National Institute for Health and Care Excellence (NICE) in 
the UK performed a risk benefit analysis for aspirin use in type 
2 diabetes in 2015 and found possible marginal benefits for 
primary cardiovascular disease prevention, but the risk of harm 
was excessive.10 NICE has issued a strong recommendation 
that aspirin not be offered to patients with type 2 diabetes for 
primary prevention. Other anti-platelet agents are also not 
recommended for primary prevention.

The ASCEND trial (A Study of Cardiovascular Events in Diabetes) 
and the ACCEPT-D (Aspirin and Simvastatin Combination for 
Cardiovascular Events Prevention Trial in Diabetes) are currently 
ongoing and may give clarity to this issue in the next year or 
two. In the meantime, SEMDSA endorses and adopts the NICE 
recommendations for primary prevention.

Secondary prevention

The benefits of aspirin therapy for secondary prevention 
of cardiovascular disease in patients with diabetes are well 
established and there has been no change to the recommendation 
of aspirin for type 2 diabetes mellitus and established 
cardiovascular risk, provided there is no contraindication to its 
use. Clopidogrel may offer benefit to individuals with intolerance 
to aspirin.11 

SEMDSA 2017 Recommendations 

Aspirin is currently not recommended for the primary prevention of cardiovascular disease in patients with diabetes 
mellitus (who have not yet had a cardiovascular event). 

B

Aspirin is strongly recommended for the secondary prevention of cardiovascular disease in type 2 diabetes. A

The optimal aspirin dose for secondary prevention is not known. SEMDSA endorses the 2011 Canadian Cardiovascular 
Society Guidelines recommendation to use 75 mg to 162 mg of regular aspirin per day.

C

Patients with established cardiovascular disease who are intolerant to aspirin should be offered an alternative platelet 
aggregation inhibitor. 

C

Improved vascular protection is more effectively achieved with inhibition of the renin-angiotensin-aldosterone 
system and lipid modifying therapies.  

A
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Aspirin dosage and formulation 

Numerous studies have used aspirin both for primary and 
secondary prevention in varying doses from 30-600 mg. There 
is no randomised controlled trial which proves the benefits of 
doses of 75-162 mg of daily aspirin. However, these doses are 
better tolerated and as effective as higher doses in preventing 
cardiovascular events. In addition lower doses are associated 
with fewer events of bleeding.11,12 The increased risk for 
gastrointestinal haemorrhage applies to both primary and 
secondary prevention. 9

The risk of upper gastrointestinal bleeding may not be reduced 
by the use of enteric coated or buffered formulations.13,14 
When platelet turnover is rapid as in diabetic vascular disease, 
the steady plasma aspirin concentration from enteric-coated 
aspirin may theoretically allow for more constant thromboxane 
synthesis suppression.15   “Aspirin Resistance” has been described 
in diabetic patients using a variety of methods of measurement,16 
but other studies have not shown this to be the case.17 One trial 
suggested that a more frequent dosing schedule of aspirin 
may reduce platelet reactivity in diabetic patients,18 but these 
observations alone are insufficient to empirically recommend 
higher doses at this time.19
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18.1 Introduction

Systemic hypertension is common in type 2 diabetes mellitus 
and will affect the majority of patients at some point in the 
course of their disease. People with type 2 diabetes mellitus are 
at a greater risk than non-diabetics for developing hypertension1 
and are more likely to develop target organ damage.2 The 
development and progression of organ damage due to 
hypertension in diabetes appears to differ from that for the non-
diabetic population.  

Hypertension is an important modifiable risk factor for micro- 
and macrovascular disease. Blood pressure (BP) must be 
measured at every clinic visit, after the patient has been seated 

and has rested for at least five minutes. It is essential to use an 
appropriately sized cuff, as small cuffs will yield falsely elevated 
pressure readings. Measure the BP in both arms at the initial 
consultation, and thereafter in the arm with the higher BP. The 
systolic BP should first be estimated by palpation and then by 
auscultation, to avoid missing the auscultatory gap. The diagnosis 
of hypertension is confirmed if the BP remains > 140/90 mmHg 
on two separate days. 

18.2 Ambulatory blood pressure monitoring

Ambulatory blood pressure monitoring (ABPM) is determined 
using a device worn by the patient over a period of 24 to 48 
hours and measures blood pressure at regular intervals, usually 

SEMDSA 2017 Recommendations 

Blood pressure should be measured at every routine visit. Patients found to have elevated blood pressure should 
have their blood pressure confirmed on a separate day.

B

Threshold for initiating treatment of blood pressure in type 2 diabetes is >140/90 mmHg. B

Systolic blood pressure treatment target for most patients is between 130 and 140 mmHg. A

Diastolic blood pressure treatment target for most patients is between 80 and 90 mmHg. A

Systolic blood pressure treatment target for patients at high risk for stroke is below 130 mmHg if this can be achieved 
without undue treatment burden.

A

Lifestyle intervention consisting of weight loss (if overweight or obese), reducing sodium intake, moderation of 
alcohol intake and increased physical activity should be encouraged in all patients diagnosed with hypertension.

B

All classes of antihypertensive drugs are efficient in reducing all cause and cardiovascular mortality. A

Combination therapy with an angiotensin converting enzyme (ACE) inhibitor and an angiotensin receptor blocker 
(ARB) is not recommended for primary care.

C

In patients with type 2 diabetes and hypertension, indapamide (thiazide-like) is the preferred diuretic. A

For patients with type 2 diabetes without albuminuria, an ACE-inhibitor, ARB, thiazide-like diuretic or calcium channel 
blocker (CCB) are suitable first choices for monotherapy. Diuretics or CCBs are the preferred initial treatment in Black 
patients.

C

Compelling Indications for drug classes

The following classes of drugs have been shown to have benefit in diabetic kidney disease: ACE-inhibitors, ARBs, 
thiazide-like diuretics (indapamide) and non-dihydropyridine CCBs (verapamil or diltiazem).

A

For patients with heart failure, an ACE-inhibitor or ARB and indapamide is preferred. Calcium channel blockers are 
not recommended.

A

For patients at high risk for stroke (e.g. history of previous cerebral ischaemia, significant carotid stenosis, uncontrolled 
hypertension), calcium channel blockers are recommended and beta blockers should be avoided.

B

For patients with coronary artery disease, ß-blockers are indicated. A
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every 15 to 20 minutes.3 The device records all the blood pressure 
readings taken during this time period. If full 24 hour readings 
cannot be obtained then six to eight hours of ABPM may be 
adequate.4 From this, the average day and night blood pressures 
can be determined. When using ABPM, hypertension is defined 
as a 24-hour average blood pressure greater than or equal to 
130/80 mmHg.5 

While ABPM is not available in most clinicians’ offices, it is 
considered to be the gold standard for the diagnosis of 
hypertension. When compared with ABPM, the sensitivity and 
specificity of office-based BP measurements are poor (75% for 
both).6 

Indications for measuring ABPM:7,8,9 

• Suspected white coat hypertension

• Hypertension resistant to increasing medications

• Hypotensive symptoms while taking antihypertensive 
medications

• Autonomic dysfunction 

• Suspected episodic hypertension (eg, phaeochromocytoma).

18.3 Thresholds for pharmacological treatment of 
blood pressure (BP)

The benefit of lowering blood pressure was initially shown by 
the Blood Pressure Lowering Treatment Trialists Collaboration. 
This analysis showed that a modest drop of 6.4 mmHg of 
Systolic Blood Pressure was associated with a decrease in stroke, 
cardiovascular disease and total mortality.10

Two large meta-analyses have shown that treatment of a 
systolic blood pressure of greater than or equal to 140 mmHg 
results in more benefit than harm.11,12 In the Brunström meta-
analysis,11 49 trials (73 738 participants) were included while in 
the Emdin meta-analysis,40 trials judged to be of low risk of bias  
(100 354 participants) were included.12  Given the slightly different 
weighting of trials in the two meta-analyses, the findings of 
benefit and harm of various organ systems differ slightly but the 
threshold for initiating treatment remains constant. 

In the Brunström meta-analysis if the baseline BP was greater than 
150 mmHg, antihypertensive treatment reduced the risk of all-
cause mortality, cardiovascular mortality, myocardial infarction, 
stroke and end stage renal disease. If baseline systolic blood 
pressure was between 140 and 150 mm Hg, additional treatment 
reduced the risk of all-cause mortality, myocardial infarction and 
heart failure. If baseline systolic blood pressure was less than  
140 mm Hg, further treatment increased the risk of cardiovascular 
mortality with a tendency towards an increased risk of all-
cause mortality.11 The Emdin meta-analysis showed that each 
10 mmHg reduction of systolic blood pressure was associated 
with significantly lower risk of mortality, cardiovascular events, 
coronary heart disease, stroke, albuminuria, and retinopathy. 
However, when trials were stratified by mean baseline SBP 
greater than or equal to 140 mmHg or less than 140 mmHg, 
blood pressure–lowering treatment was associated with lower 

risks of stroke and albuminuria, regardless of initial systolic blood 
pressure.12

18.4 Targets for pharmacological treatment

The Brunström meta–analysis specifically focused on the 
evidence for positive or negative outcomes for attained systolic 
BP’s in clinical trials.11 The following outcomes were observed:

• The all-cause mortality reduction observed with treatment at 
a threshold of 140 mmHg was lost when the BP was lowered 
below 130 mmHg.

• Trend towards harm for CV mortality was observed when the 
BP was lowered to below 130 mmHg.

• The myocardial infarction threshold for harm was at  
132 mmHg. 

• Stroke benefit was achieved only with a BP below 130 mmHg. 

• Heart failure was reduced for an achieved BP between  
130-140 mm Hg but this benefit was lost if the BP dipped 
below 130 mmHg. 

• End-stage renal disease appeared to only be reduced if the pre-
treatment BP was >150 mmHg and was treated to between 
140 and 150 mmHg. 

• Albuminuria was reduced by 29% if the BP was reduced to 
<140 but >130 mmHg and by 14% if the BP was dropped 
below 130 mmHg. The risk for retinopathy did not appear to 
be reduced significantly with BP lowering.

Diastolic BP targets for benefit and risk for harm were assessed 
by the Brunström analysis. Threshold for treatment appeared to 
be 90 mmHg and a 28% increase in CV mortality was noted for 
each 10 mmHg drop in BP below a threshold of 78 mmHg.

18.5 Compelling indication for the use of specific 
antihypertensives

In the Emdin review,all classes of antihypertensive drugs 
appeared to be efficient in reducing all cause and cardiovascular 
mortality, a finding supported by other researchers.12,13 Heart 
failure was significantly reduced by angiotensin receptor 
blockers and diuretics (17% reduction), but increased by calcium 
channel blockers (CCB). CCBs were however associated with a 
lower risk of stroke and beta-blockers with a higher risk of stroke. 

A recent review of angiotensin system blockers compared 
to active comparators showed no extra benefit other than a 
reduction of heart failure when compared to CCBs.14

Within the class of diuretics, thiazide–type (TT) and thiazide-
like (TL) drugs must be specified. A meta-analysis of these drugs 
looking at outcomes of CV events and mortality as well as BP 
control, clearly showed a difference with a 12% reduction of 
CV events and 21% less heart failure with TL compared with TT 
drugs.15 A further meta-analysis of head to head comparisons 
of hydrochlorothiazide (HCTZ) with indapamide (INDAP) and 
chlorthalidone confirmed that INDAP was more potent than 
HCTZ with a 54% greater BP reduction at comparable doses, 
without greater metabolic side effects.16 The duration of action 
of INDAP was found to be >24-36 hours depending on the 
formulation, compared to the 12-16 hour effect of HCTZ. 
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INDAP was also noted to reduce left ventricular mass by 17%, 
more than that of enalapril, and was comparable to captopril 
and enalapril in reducing albuminuria in diabetic subjects. HCTZ 
has neither of these effects. Not specific to diabetes, indapamide 
has been shown to not have an adverse effect on serum lipids. 
Due to its widespread availability, and low cost, indapamide 
is considered to be the diuretic of choice in the management 
diabetic patients with hypertension.

The non- dihydropyridine CCBs, (verapamil and diltiazem) have 
been shown to have significant antiproteinuric effects in diabetic 
kidney disease.17 The dihydropyridine CCBs (amlodipine and 
nifedipine) have been shown to have no consistent effect on 
protein excretion.

There is currently limited data regarding the potential benefits of 
combining therapy with ACE inhibitors and ARBs. While several 
small studies have shown an additive antiproteinuric effect when 
these drugs were used in combination, these finding were not 
reproducible in all studies. In the COOPERATE study (randomised 
controlled trial in non-diabetic renal disease), combination 
therapy with ACE inhibitors and ARBs was shown to be more 
effective that either drug alone in slowing the decline of GFR.18 

Until additional information and data for combination use in 
diabetes is made available, the use of either an ACE inhibitor or 
an ARB is recommended, rather than the combination of both 
classes.

Most patients with diabetes and hypertension require multiple-
drug therapies to reach target blood pressure treatment goals. 
If the blood pressure remains uncontrolled, despite confirmed 
adherence of at least three antihypertensive agents of different 
classes (at optimal doses), the clinician should consider 
evaluation for secondary causes of hypertension.
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19.1 Introduction

Chronic kidney disease (CKD) is defined as the presence of 
kidney damage (usually detected as urinary albumin excretion of  
≥30 mg/day, or equivalent) or decreased kidney function 
(defined as estimated glomerular filtration rate [eGFR]  
<60 mL/min/1.73 m2) for three or more months, irrespective of 
the cause.1 The persistence of the damage or decreased function 
for at least three months is necessary to distinguish CKD from 
acute kidney injury (AKI). Kidney disease attributable to diabetes 
is referred to as diabetic kidney disease (DKD).2  

In South Africa, hypertension and type 2 diabetes are the 

dominant diseases associated with kidney failure, particularly in 

black ethnic groups.3 Hypertension and other common chronic 

kidney diseases may also contribute to the aetiology of chronic 

kidney disease (CKD) in diabetic patients. In Africa, the overall 

prevalence of CKD in patients with diabetes varied from 11% in 

Tunisia to 83.7% in Tanzania.4 The prevalence of DKD in South 

Africa is 14-16%5 and 30.4% of patients on renal replacement 

therapy have diabetes.6

SEMDSA 2017 Recommendations 

In adults, screening for CKD in diabetes should be conducted using a random urine ACR and a serum creatinine 
converted into an eGFR. 

C

Screening should commence at diagnosis of diabetes in individuals with type 2 diabetes and repeated yearly 
thereafter. 

C

A diagnosis of CKD should be made in patients with a random urine ACR ≥ 2.0 mg/mmol and/or an eGFR < 60 mL/
min on at least two of three samples over a three month period.

C

All patients with diabetes and CKD should receive a comprehensive, multifaceted approach to reduce cardiovascular 
risk.

A

Adults with diabetes and CKD with either hypertension or albuminuria should receive an ACE inhibitor or an ARB to 
delay progression of CKD.

A

People with diabetes on an ACE inhibitor or an ARB should have their serum creatinine and potassium levels checked 
at baseline and within one to two weeks of initiation or titration of therapy and during times of acute illness. 

C

Adults with diabetes and CKD should be given a “sick day” medication list that outlines which medications should be 
withheld during times of acute illness. 

C

Combination of agents that block the renin-angiotensin-aldosterone system (ACE inhibitor, ARB, DRI) should not be 
routinely used in the management of diabetes and CKD. 

A

Doses of anti-diabetic drugs may require adjustment as renal function declines. C

People with diabetes should be referred to a nephrologist or endocrinologist with an expertise in CKD in the following 
situations:

a. Chronic, progressive loss of kidney function

b. ACR persistently >60 mg/mmol

c. eGFR<30 mL/min

d. Unable to remain on renal-protective therapies due to adverse effects such as hyperkalaemia or >30% increase in 
serum creatinine within 3 months of starting an ACE inhibitor or ARB

e. Unable to achieve target BP (could be referred to any specialist in hypertension). 

C

Abbreviations:
ACE, angiotensin-converting enzyme; ACR, albumin-to-creatinine ratio;
ARB, angiotensin II receptor block; CKD, chronic kidney disease; DRI, direct renin inhibitor.
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19.2 Identification and monitoring of diabetic kidney 
disease

Albumin excretion (albuminuria) and glomerular filtration rate 
(GFR) are both required to diagnose and monitor DKD.

19.2.1 Screening for albuminuria

Albumin excretion is an indicator of kidney damage in DKD.2 
Classic DKD progresses from subclinical disease to the earliest 
clinically detectable stage, which is characterised by persistent 
proteinuria (Figure I).7,8 The rate of progression from normal 
albuminuria to moderately increased albuminuria, then to 
severely increased albuminuria is usually slow and it may take 
5 years or longer to progress through each albuminuria stage 
(Table I). During the advanced overt proteinuria phase, the 
rate of decline of renal function can accelerate.7 Risk factors for 
DKD include long duration of diabetes, poor glycaemic control, 
hypertension, male gender, obesity and cigarette smoking.7 
Apart from predicting DKD, moderately increased albuminuria 
(formerly known as microalbuminuria) is also a marker of 
cardiovascular disease risk.9 

There is considerable intra-individual variation in daily albumin 
excretion necessitating the collection and testing of more than 

one specimen.2 Daily albumin excretion may be increased by 

episodic hyperglycaemia, high blood pressure, high protein 

diet, fever, exercise, urinary tract infection and heart failure.2 

Moderately increased albuminuria (albumin excretion between 

30-300 mg/day) is potentially reversible by treating raised 

blood pressure, plasma glucose and serum lipid levels to target 

in patients with type 1 diabetes,10 and by administering drugs 

that inhibit the renin angiotensin aldosterone system (RAAS) in 

patients with type 2 diabetes.1,11

Table I. Classification of chronic kidney disease based upon albuminuria1,7

Albuminuria
Stages

Qualitative
description

AER
(mg/day)

Urine ACR
(mg/mmol)

1 Normal to mildly increased < 30 < 2

2 Moderately increased 30 - 300 2-20

3 Severely increased (may be subdivided into nephrotic and non-nephrotic and for 
differential diagnosis, management, and risk prediction)

> 300 > 20

*Adapted from References.1,7 Values are for urinary albumin, not total urinary protein, which will be greater than urinary albumin levels.

Table II. Classification of chronic kidney disease based upon glomerular filtration rate1,7

Stages of chronic kidney disease of all types

GFR stages Qualitative description Renal function (ml/min/1.73m2)

1 Kidney damage - normal or high GFR ≥ 90

2 Kidney damage - mildly ↓ GFR 60 - 89

3a Kidney damage – mildly to moderately ↓ GFR 45 - 59

3b Kidney damage – moderately to severely ↓ GFR 30 - 44

4 Kidney damage - severely ↓ GFR 15 - 29

5 Kidney failure (or dialysis) < 15

*Adapted from References1,7

Table III. Factors favouring the diagnosis of classical DKD or alternative renal diagnoses2,7 

DKD vs. Alternative renal disease

Favours DKD Favours alternative renal diagnosis

Persistent albuminuria Extreme proteinuria (>6 g/day)

Bland urinary sediment Persistent haematuria (micro- or macroscopic) or active urinary sediment

Slow progression of disease Rapidly falling eGFR

Low eGFR associated with overt proteinuria Low eGFR with little or no proteinuria

Other complications of diabetes present Other complications of diabetes (e.g. retinopathy) not present or relatively not as severe

Known duration of diabetes > 5 years Known duration of diabetes < 5 years

Refractory hypertension
> 30% reduction in eGFR within 3 months after initiation of an ACE-inhibitor or an ARB
Family history or non-diabetic renal disease (e.g. polycystic kidney disease)
Signs or symptoms of systemic disease

Stages of diabetic kidney disease

Urine dipstick       Negative          Negative                 Positive 

24-Hour                           30 mg/day             300 mg/day           1000 mg/day
       ACR                        2.0 mg/mmol         20.0 mg/mmol        67 mg/mmol

Urinary albumin level

Figure I. Level of urinary albumin by various test methods and stage of 
diabetic kidney disease. ACR, urine albumin-to-creatinine ratio. Adapted 
from.7
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19.2.2 Estimation of glomerular filtration rate

Glomerular filtration rate is used to quantify kidney function.2 
Estimated glomerular filtration rate (eGFR) is recommended to 
determine and monitor kidney function in DKD and other causes 
of CKD.2 In spite of limitations, the Modification of Diet in Renal 
Disease Study Group (MDRD) formula13 remains the preferred 
method of calculating eGFR.2 This equation requires knowledge 
of the patient’s age, sex, serum creatinine and race. The eGFR is 
particularly useful for assessing changes in renal function over 
prolonged periods but should not be used in situations where 
kidney function may be acutely compromised e.g. during 
dehydration. CKD can be conveniently staged according to eGFR 
(Table II).

19.3 Other kidney diseases in people with diabetes

Relying on albuminuria alone may be insufficient in identifying 
all patients with diabetes who have renal disease.7 In a biopsy 
series it was found that hypertensive or ischaemic nephropathy 
was as common as diabetic glomerulosclerosis in patients with 

type 2 diabetes with evidence of chronic kidney disease (CKD).14 
Health care workers should be aware that other common 
diseases may be the cause of kidney disease in a patient with 
diabetes or that other diseases may co-exist in these patients. 
This is especially true in South Africa with its high burden of HIV 
and the potential for HIV-associated CKD.3 The most important 
distinguishing features between DKD and other causes of CKD 
are shown in Table III. Additional testing and/or referral may be 
necessary to determine the cause of kidney disease in patients 
with diabetes exhibiting any of these features. 

19.4 Screening recommendations

19.4.1 Precautions

Exclude transient causes of albuminuria (e.g. recent strenuous 
exercise, menstruation, fever, urinary tract infection, pregnancy, 
uncontrolled heart failure, acute severe elevation in blood 
pressure or blood glucose), low eGFR (e.g. dehydration, 
hypovolaemia), and acute renal failure on clinical grounds before 
each screening and urine dipstick testing.7

Yes

Yes

Yes

Yes

No

No

No

No

Screen annually when no transient causes of albuminuria or low eGFR are present, and 
when acute kidney injury or non—diabetic kidney disease is not suspected

Type 1 diabetes: Annually in post-pubertal individuals with duration of diabetes  
≥ 5 years

Type 2 diabetes: At diagnosis and annually thereafter

Order random urine ACR and serum creatinine for eGFR

Order urine dipstick and microscopy 

Clinical or lab test suspicion of non-diabetic renal disease (see Table 3)

eGFR ≤ 60 ml/min OR ACR ≥ 2.0 mg/mmol?

Random urine ACR > 20.0mg/mmol?

Chronic Kidney Disease (CKD) Diagnosed

Order serum creatinine for eGFR in 3 months AND
2 repeat random urine ACRs performed over next 3 months

At 3 months:
eGFR ≤ 60 ml/min or 2 or 3 out of 3 ACRs  ≥ 2.0 mg/mmol? 

No Evidence of 
Chronic Kidney Disease

Rescreen in 1 year

CKD in Diabetes Diagnosed
See treatment guidelines

Non-Diabetic Disease
Suspected Work up or refer

Screening for CKD Adults

Figure II. Screening for chronic kidney disease (CKD) in people with diabetes. ACR, albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate.7
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 19.4.2 Indications for screening

Annual screening for DKD is indicated in all post-pubertal people 
with type 1 diabetes 5 years after diagnosis, and in all people with 
type 2 diabetes at the time of diagnosis and annually thereafter.7 
Screening for CKD in people with diabetes should ideally be 
performed with the measurement of the albumin level in a first 
morning urine specimen and a serum creatinine measurement 
that is then converted into an eGFR and the result expressed 
as ACR8 (Figure II). When a first morning urine specimen is 
inconvenient, an untimed “spot” urine sample is acceptable.8 

An abnormal screening test should be confirmed by repeat 
testing of the eGFR within three months, and two more urine 
ACR measurements performed during that interval.7,8 If either 
the eGFR remains low or at least two of the three random urine 
ACRs are abnormal, then a diagnosis of CKD is confirmed.8 
The exception to this approach is when the random urine ACR 
indicates albuminuria in the severely increased albuminuria 
range, as this level of proteinuria rarely resolves spontaneously, 
so confirmatory testing is usually unnecessary.7

Once a diagnosis of CKD has been made, a urine sample for 
dipstick and microscopy should be ordered.7 In the absence 
of any significant abnormalities other than proteinuria, a 
presumptive diagnosis of kidney disease due to diabetes can 
be made. The presence of clinical or laboratory abnormalities 
suggesting nondiabetic kidney disease indicates the need for 
appropriate workup or referral.7

19.5 Prevention, treatment and follow up

19.5.1 Prevention

Tight blood sugar control in patients with type 1 diabetes reduces 
the risk of developing microvascular diabetes complications 
including DKD.15 Tight blood sugar control comes at the risk of 
hypoglycaemia and there is no firm evidence for specific blood 
glucose targets. There is a lack of evidence from RCTs on the 
effects of tight blood sugar control in older patient populations 
or patients with macrovascular disease. Although tight blood 
glucose control in patients with type 2 diabetes reduces the 
risk of developing albuminuria, evidence is lacking in terms of 

a benefit for clinically important renal endpoints.16,17 A recent 
Cochrane review concluded that angiotensin-converting 
enzyme inhibitors (ACEi) reduce the risk of new onset moderate 
and severe albuminuria with similar benefits in people with 
and without hypertension.18  In this meta-analysis angiotensin 
receptor blocking agents (ARBs) were only of value in preventing 
kidney disease in high risk patients.

19.5.2 Treatment 

Although intensive glycaemic control may slow down the 
progression of DKD in patients with type 2 diabetes,16,20 lowering 
blood pressure is the most effective strategy in preventing 
end-stage renal disease in patients with established DKD.21 
Progression of DKD in patients with type 2 diabetes can be 
slowed down by the use of either an ACEi or an ARB.22 Since 
ACE inhibitors have been shown to reduce major CVD events 
in patients with diabetes, and since the risk of CVD is increased 
in patients with albuminuria, ACE inhibitors should remain first-
line agents in the treatment of patients with diabetes who have 
established albuminuria.23

Combination treatment with an ACEi and an ARB to prevent 
progression of DKD is not recommended on the grounds of 
increased risk of hyperkalaemia, and renal dysfunction.24,25 A 
recent meta-analysis, however, showed that the most effective 
strategy to prevent end-stage kidney disease in patients with 
established DKD is by lowering blood pressure using dual 
treatment with an ARB and an ACEi,26 while monotherapy 
with an ARB was also effective but less so than dual therapy.21 
Unfortunately, no blood pressure-lowering strategy prolonged 
survival in adults with diabetes and kidney disease.26 Any 
benefits of combined ACE inhibitor and ARB treatment need to 
be balanced against potential harms of hyperkalaemia and acute 
kidney injury.21,26 At this stage combination therapy with an ACE 
inhibitor plus an ARB should not be used in patients with DKD.

Initiation of an ACEi in patients with diabetes and serum 
creatinine levels greater than 124 µmol/L is associated with acute 
increases in serum creatinine of up to 30% that stabilises within 
the first two months of ACEi therapy and long-term preservation 
of renal function.27 A significant increase in serum potassium and 

Table V. Modifications of antidiabetic drugs in patients with type 2 diabetes mellitus

                                                                                                            Dosing recommendation                                                                     Dosing
Class                                       Drug                                                 stages 3 and 4 CKD or                                                                 recommendation 
                                                                                                             kidney transplant                                                                          dialysis

Second-generation          Glipizide, gliclazide                       Preferred sulfonylurea                                                             Preferred sulfonylurea 
Sulfonylureas                                                                                  No dose adjustment                                                                No dose adjustment
                                                Glibenclamide                                Avoid                                                                                             Avoid       
                                                Glimepiride                                     Initiate at low dose, 1 mg/day                                               Avoid

Glucosidase inhibitors     Acarbose                                          Not recommended if serum                                                  Avoid
                                                                                                            creatinine >180 μmol/L

Biguanides                          Metformin                                       See text                                                                                         Avoid

Meglitinides                       Repaglinide                                     No dose adjustment                                                                 Avoid
                                                Nateglinide                                     Initiate at low dose (60 mg before each meal)                 Avoid

Thiazolidinediones           Pioglitazone                                   No dose adjustment                                                                 No dose adjustment

Adapted from the Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines).3
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serum creatinine levels have been described in patients with 
bilateral renal artery stenosis within two weeks of initiation of 
a RAAS blocker.28 For these reasons, the serum creatinine and 
potassium should be checked between one and two weeks after 
initiation or titration of a RAAS blocker.7 For patients in whom 
a significant change in creatinine or potassium is seen, further 
testing should be performed to ensure that these results have 
stabilised.7

Any degree of albuminuria increases the risk of cardiovascular 
events in diabetic as well as in non-diabetic individuals.29 
Cardiovascular risk factors must be treated in all patients with 
CKD to address this risk. An intensified long-term intervention 
aimed at multiple risk factors in patients with type 2 diabetes 
and moderate albuminuria reduces the risk of cardiovascular and 
microvascular events by 50 percent.30 

There are no randomised controlled trials of blood pressure 
levels in diabetes that have examined CKD events as outcomes. 
Blood pressure levels below 140/90 mmHg in diabetes 
are recommended to reduce CVD mortality and slow CKD 
progression (KDIGO, 2012). In individuals with albuminuria, 
consider lower blood pressure targets of < 130/80 mmHg.20,21

People with diabetes should be referred to a nephrologist or 
specialist physician with an expertise in CKD in the following 
situations:

a. Chronic, progressive loss of kidney function

b. ACR persistently >60 mg/mmol

c. eGFR<30 mL/min

d. Unable to remain on renal-protective therapies due to 
adverse effects such as hyperkalaemia or >30% increase in 
serum creatinine within 3 months of starting an ACE inhibitor 
or ARB

e. Unable to achieve target BP (could be referred to any 
specialist in hypertension).

19.6 Sick day rules

If patients become ill and are unable to maintain adequate fluid 
intake, or have an acute decline in renal function (e.g. due to 
gastrointestinal upset or dehydration), they should be instructed 
to withhold medications which will increase the risk for decline 
in kidney function or have reduced clearance and increased risk 
of adverse effects (Table IV).7 Patients should be instructed that 
increased frequency of self-monitoring of blood glucose will be 
required and adjustments to their doses of insulin or oral anti-
hyperglycaemic agents may be necessary.

Table IV. Medications that should be withheld or dose reduced 
during acute illness7

Analgesics
Angiotensin-converting enzyme inhibitors
Angiotensin receptor blockers
Direct renin inhibitors
Diuretics
Metformin
Non-steroidal anti-inflammatory agents
SGLT2-inhibitors
Sulfonylureas

19.7 Modifications of antidiabetic drugs in patients 
with type 2 diabetes mellitus3

Patients with stages 3-5 kidney disease are at increased risk of 
hypoglycaemia due to decreased renal clearance of insulin and 
sulfonylureas and also due to reduced gluconeogenesis. This has 
the following implications: 

• In patients with type 1 diabetes, insulin needs may change 
with decreasing renal function, as CKD is associated with 
insulin resistance and there is decreased renal clearance of 
insulin with advancing CKD.

• Metformin should be used with caution in patients with 
stages 4 and 5 CKD. Its use in CKD carries a small risk of severe 
lactic acidosis; the risk increases with decreasing glomerular 
filtration rate (GFR) and the dose should be adjusted. The use 
of metformin should be reviewed when the patient reaches 
stage 3 CKD and its use is contraindicated in stages 4 and  
5 CKD.

• Sulfonylureas: First-generation sulfonylureas should be 
avoided. Second-generation sulfonylureas may be used in 
patients who have learnt to avoid hypoglycaemic episodes, 
as long as their diabetes is controlled and nutritional status is 
satisfactory.

• Thiazolidinediones: These may be used in patients without 
heart failure. Caution is advised in patients with ischaemic 
heart disease.

• Insulin: When insulin therapy is used, care should be taken 
to avoid hypoglycaemic episodes, as the renal clearance of 
insulin declines with advancing renal impairment. 

• DPP-4 antagonists (vildagliptin, saxagliptin) can be used with 
dose adjustments (sitagliptin – caution). Avoid combination 
drugs that also contain metformin. 

• GLP-1 receptor agonists (exenatide, liraglutide): These should 
not be used in moderate renal function impairment (creatinine 
clearance <30 mL/min).

Author: Willie Mollentze
Editor: Nazeer A Mohamed
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20.1 Introduction

Diabetic eye disease is a leading cause of visual impairment 
in the developing world,1 and is mainly comprised of diabetic 
retinopathy (DR), which includes diabetic macular oedema 
(DMO), and cataract formation. It is estimated that a third of 
people living with diabetes will develop diabetic retinopathy.2 
Diabetic retinopathy is by and large preventable and/or 
treatable, while cataract surgery can now successfully be 
performed on a large scale. It is thus imperative that patients are 
appropriately screened and referred to an ophthalmologist to 
detect diabetic eye disease. Vision loss is disabling as it results in 
a loss of independence and an increased risk of falls. In patients 
with diabetes this is compounded by their difficulty with 
administering therapies such as insulin as well as self-monitoring 
of blood glucose levels. 

20.2 Prevalence of diabetic eyes disease 

It is estimated that approximately 34.6% of people with diabetes 
or 93 million people worldwide have some form of DR with 
10.2% having vision-threatening diabetic retinopathy (VTDR).2 
Screening studies of DR have often detected a high prevalence 
of cataracts, even in excess of the prevalence of DR3,4 and thus 
cataracts remain a common cause of vision loss in patients with 
diabetes. 

20.3 Risk factors for diabetic eye disease

The duration of diabetes is a major risk factor for DR. The 
prevalence of DR in patients with type 2 diabetes increases 
two-fold in those with diabetes for up to 19 years compared to 
those with diabetes for less than 5 years.5 Proliferative diabetic 
retinopathy (PDR), the most vision-threatening form of DR 

develops in 2% of those with diabetes for under 5 years but is 
present in 25% of those with diabetes for 25 years.5

The most important modifiable risk factor is glycaemic control. 
Poor glucose control is associated with both the development 
and progression of DR.6-8 There is evidence that tight glycaemic 
control will lower these risks and should be the target, if this can 
be attained safely. Blood pressure and lipid control also decrease 
the risk of DR.9 However there is no evidence to support intensive 
blood pressure control (systolic BP < 120mmHG) to reduce DR.10 
There is evidence that fenofibrate may reduce the progression of 
DR.10 Patients who develop diabetic kidney disease are at high 
risk of also having DR..

20.4 Screening 

Patients with significant DR may be asymptomatic and hence 
screening is important to detect patients in whom intervention 
may prevent vision loss. Patients and their family members 
must be educated that they may have significant eye disease 
that requires treatment even in the absence of symptoms. 
Since patients with type 2 diabetes may have had many years 
of undiagnosed diabetes, it is recommended that all such 
patients should be screened at diagnosis for DR. Ideally this 
should be done by an ophthalmologist or an optometrist who is 
trained in detecting DR. This, however, is not always possible in 
resource limited settings. All screening encounters should begin 
with a clinical evaluation with emphasis on glycaemic control; 
duration of diabetes; other co-morbid diseases (hypertension, 
dyslipidaemia); drug therapy and ocular history.

Although the validity of visual acuity testing to detect DR was 
previously debated, recent guidelines have suggested that 
this is of importance in resource restricted settings where the 

SEMDSA 2017 Recommendations 
Diabetic eye disease is a leading cause of visual impairment and screening for diabetic retinopathy is indicated in all 
patients with type 2 diabetes.

A

Aim to optimise glucose, blood pressure and lipid control to reduce the risk and progression of diabetic retinopathy. A
Screening should begin at diagnosis of type 2 diabetes. B

Patients without retinopathy or diminished visual acuity should be screened again every 1 to 2 years. B
Patients should have their visual acuity assessed. C
The preferred screening method for diabetic retinopathy is either fundal photography or dilated indirect 
ophthalmoscopy.

C

Urgent referral to an ophthalmologist is indicated if there is sudden severe vision loss; retinal tear and/or detachment; 
proliferative diabetic retinopathy or severe diabetic macular oedema.

C

Pregnancy may be associated with worsening of retinopathy. Patients should be counselled and screened for diabetic 
retinopathy prior to pregnancy, or in the first trimester of pregnancy.

B
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screening is not done by an ophthalmologist.11,15,18 Screening 
should therefore be divided into 2 components: visual acuity and 
retinal examination.

20.4.1 Visual acuity

Visual acuity can be assessed by trained healthcare providers 
(HCP) in any of the following ways, depending on resources:

• Refracted visual acuity examination using a 3- or 4-meter 
visual acuity lane and a high contrast visual acuity chart.15

• Presenting visual acuity examination using a near or distance 
eye chart and a pin-hole option if visual acuity is reduced.15

• Presenting visual acuity examination using a 6/12 (20/40) 
equivalent handheld chart consisting of at least 5 standard 
letters or symbols and a pin-hole option if visual acuity is 
reduced.15

If visual acuity is less than 6/12 (20/40), the patient requires 
referral to an ophthalmologist for further evaluation.

20.4.2 Retinal examination

Screening for diabetic retinopathy can be done in the 
following ways: 
• Fundus photographic methods (dilatation improves results): 

 ◦ Digital images, 35mm film or Polaroid instant film prints with 
subsequent grading by trained individuals. The advantage is 
that it creates a permanent record of the retina. Screening 
with a mobile fundal camera improved the quality of care 
for diabetic patients and is feasible in the South African 
public sector, primary care setting.12 Retinal photography 
was found to be effective, acceptable, and cost-effective.13 

 ◦ The photograph should be evaluated by an ophthalmologist 
or medical doctor, nurse or optometrist properly certified 

by an authority such as the Ophthalmological Society of 

South Africa (OSSA). This method offers the possibility of 

telemedicine whereby patients can be screened at their 

primary health centres and the interpretation is done by a 

trained individual remotely. 

• Indirect ophthalmoscopy i.e. dilated slit-lamp 

ophthalmoscopy15 (evaluated by ophthalmologists)  

• Direct ophthalmoscopy through dilated pupils (evaluated 

by medical practitioners, optometrists, or ophthalmologists), 

although this is the least reliable method.

Since few primary healthcare nurses in SA are trained to screen 

for DR most patients at primary health care level will have to 

be referred to a skilled professional until fundal photography 

becomes more widespread. DR should be assessed according 

to the International Classification of Diabetic Retinopathy 

and Diabetic Macular Oedema (Table I).14 If DR is detected the 

patient should be monitored and referred according to the ICO 

Guidelines for Diabetic Eye Care (Table II).15 In addition patients 

who cannot be evaluated by their primary HCP for DR or VA 

should also be referred for ophthalmology assessment.

20.4.3 Frequency of screening

In patients without evidence of DR or impaired visual acuity, 

annual follow-up screening is usually recommended. However 

in resource limited areas there is evidence that screening every 

2 years may be cost-effective in patients with no DR and good 

glycaemic control.16 

Table I: International Classification of Diabetic Retinopathy and Diabetic Macular Oedema14

Diabetic Retinopathy Findings Observable on Dilated Ophthalmoscopy

No apparent DR No abnormalities

Mild nonproliferative DR Microaneurysms only

Moderate nonproliferative DR Microaneurysms and other signs (e.g., dot and blot haemorrhages, hard exudates, cotton wool spots), but less 
than severe nonproliferative DR

Severe nonproliferative DR

Moderate nonproliferative DR with any of the following:

•  Intraretinal haemorrhages (≥20 in each quadrant);
•  Definite venous beading (in 2 quadrants);
•  Intraretinal microvascular abnormalities (in 1 quadrant);
•  and no signs of proliferative retinopathy

Proliferative DR
Severe nonproliferative DR and 1 or more of the following:

•  Neovascularization
•  Vitreous/preretinal haemorrhage

Diabetic Macular Oedema Findings Observable on Dilated
Ophthalmoscopy#

No DMO No retinal thickening or hard exudates in the macula

Noncentral-involved DMO
Retinal thickening in the macula that does not involve the central subfield zone that is 1mm in diameter

Central-involved DMO
Retinal thickening in the macula that does involve the central subfield zone that is
1mm in diameter

# Hard exudates are a sign of current or previous macular edema. DMO is defined as retinal thickening, and this requires a three-dimensional assessment that is best 
performed by a dilated examination using slit-lamp biomicroscopy and/or stereo fundus photography.
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20.5 Referral to ophthalmology

Patients with DR and other eye diseases usually require referral 
to ophthalmologists. Table III is a guide is a guide to the urgency 
of this referral.

20.6 Management of patient with diabetic eye disease

The detailed ophthalmological management of patients with 
diabetic eye disease is beyond the scope of this guideline. 
Photocoagulation surgery and anti-vascular endothelial growth 
factor therapy are the modalities used by ophthalmologists to 
treat patients with DR and DMO.

The role of the primary HCP is to ensure optimal glycaemic, blood 
pressure and lipid control to limit progression of DR. It must be 
borne in mind that rapid intensification of glycaemic control may 
result in acute worsening of DR;17 therefore these patients may 
benefit from treatment for significant DR prior to intensification. 
Good glycaemic control should not be delayed unnecessarily as 
the benefits outweigh the risks. In addition, patients with DR are 
likely to have other microvascular complications and patients 
should be screened for diabetic kidney disease and neuropathy. 
Patients who are visually disabled should be assisted with 
appropriate disability grants and rehabilitation.

20.7 Pregnancy

Pregnancy may be associated with progression of DR.19,20 Women 
with pre-existing type 2 diabetes who are planning pregnancy or 
who have become pregnant should be counselled on the risk of 
development and progression of DR. These women often have 
rapid intensification of glycaemic control which may further 
compound this risk.17 They should be screened prior to falling 
pregnant or within the first trimester for DR. On the other hand, 
women with gestational diabetes are not at increased risk and 
do not require screening for DR.21
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SEMDSA GUIDELINES

21.1. Introduction

This chapter highlights the morbidity and mortality associated 
with distal peripheral sensory diabetic neuropathy and other 
foot problems leading to ulceration and amputation. Ulceration 
and amputation are preventable complications of diabetes and 
the health care provider should execute the necessary measures 
as outlined in this guideline in order to ensure optimal patient 
outcomes. The annual foot assessment in the asymptomatic 
patient is an obligatory component of good diabetes care.

This guideline is an update of the 2012 SEMDSA guideline, and 
expands the practical aspects of foot-care, as well as referral 
strategies.

21.1.1 Defining the problem

The term “diabetic foot” is a generic one referring to a variety 
of pathological conditions that can affect the foot in patients 
with diabetes. Foot problems are a major cause of morbidity 
and mortality in people with diabetes, and contribute to 
increased healthcare costs.1-3 The sequence of events leading 
to lower-extremity amputation  is well known. In people with 
neuropathy and/or peripheral artery disease (PAD), minor 

trauma to the foot leads to skin ulceration, infection and 
ultimately gangrene, resulting in amputation.4-10 The lifetime risk 
for foot ulceration in diabetes patients ranges from 10 to 25%,11 
and foot complications are the major reason for admission to 
hospital for people with diabetes, accounting for approximately  
20%-30% of all diabetes-related admissions in the North 
American population.8,9,12-14 Unfortunately no such data exists 
for the South African population. Ethnic differences noted in 
western countries suggest that South Asians from the Indian 
subcontinent have lower rates of foot ulcers and amputations, 
while African-Americans have higher rates than white Caucasians.

All patients with type 2 diabetes should have an annual foot 
assessment to determine their ulcer risk.11 A random survey 
of 18 community health centres in the Western Cape in 2008 
found that only 11.3% of patients with diabetes had a recorded 
foot examination.15 Similarly, a study of 750 diabetes records 
at a regional hospital in Kwa Zulu Natal revealed that a foot 
examination was recorded in only 6% of patients.16 It is well 
known that after amputation of one limb, the prognosis for 
the contralateral limb is poor.17,18 What is not often appreciated 
though, is that the 5-year mortality following a diabetic foot 

SEMDSA 2017 Recommendations 

This section should be read in conjunction with Appendices 21.1 to 21.5

In people with diabetes, foot examinations by healthcare providers must be an integral component of diabetes 
management to identify persons at risk for ulceration and lower-extremity amputation.

B

All patients with type 2 diabetes must have their bare feet examined at least annually (more frequently in those with 
a high risk for ulcers) in an attempt to prevent foot ulceration.

C

The foot assessment must include a formal assessment for skin, bone and joint, nerve and vascular abnormalities  
(as outlined in Appendix 21.2).

C

Screening for peripheral neuropathy should be conducted by assessing loss of sensitivity to the 10g monofilament or 
loss of sensitivity to vibration at the dorsum of the great toe.

B

All patients with type 2 diabetes should receive education on good footcare practices and ulcer prevention. C

People at high risk of foot ulceration and amputation should receive more frequent and intensive foot care 
education, and be referred to healthcare professionals trained in footcare management. 

B

Patients with a plantar foot ulcer, critical limb ischaemia, gangrene or Charcot foot must be referred urgently for 
specialist care to a centre with multidisciplinary care.

C

People with diabetes should be treated, whenever possible, with intensified glycaemic control to prevent the onset 
and progression of neuropathy, for type 1 diabetes and for type 2 diabetes.

A

The following agents may be used alone or in combination for relief of painful peripheral neuropathy:

 ◦ tricyclic antidepressants (amitriptyline)

 ◦ serotonin–noradrenaline reuptake inhibitors (duloxetine, venlafaxine)

 ◦ anticonvulsants (pregabalin, and gabapentin).

A
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ulcer or an amputation is 50% and 70% respectively, and exceeds 
that of many malignancies.19 Preventing the first ulcer and 
amputation is therefore of paramount importance. 

21.1.2 Identifying risk factors for ulceration1,20,21

Characteristics that have been shown to confer high risk of 
ulceration include:

• Previous ulceration

• Neuropathy

• Structural foot deformity and limited joint mobility

• Peripheral arterial disease (PAD)

• Microvascular complications (i.e. retinopathy, nephropathy). 
Patients on renal replacement therapy (e.g. dialysis) are at 
particularly high risk.11Any foot assessment must therefore, of 
necessity, include an evaluation for these risk factors.

21.1.3 Understanding the pathogenesis of foot ulcer 
development22

A crucial component of the pathogenesis of foot ulceration is most 
often chronic distal sensorimotor neuropathy.23 This is present, to 
some degree, in more than 50% of people with diabetes who 
are older than 60 years.24 Peripheral neuropathy must usually be 
profound before leading to loss of the protective sensation (LOPS) 
in the absence of which patients become vulnerable to trauma; 
the consequent vulnerability to physical and thermal trauma 
increases the risk of foot ulceration sevenfold.25,26 

A second causative factor in foot ulceration is excessive plantar 
pressure.27 This is related to both limited joint mobility (at the 
ankle, subtalar and first metatarsophalangeal joints) and foot 
deformities.28-30 Excessive plantar pressure is recognised when 
seeing callus on the plantar surface of the foot, typically over 
the metatarsal heads. In one study of patients with peripheral 
neuropathy, 28% with high plantar pressure developed a foot 
ulcer during a 2.5-year follow-up, compared with none with 
normal pressure.31 

A third component is trauma, particularly when repetitive. 
Among 669 people observed with foot ulcers, 21% were 
attributed to rubbing from footwear, 11%were linked to injuries 
(mostly falls), 4% to cellulitis complicating tinea pedis, and 4% to 
self-inflicted trauma (e.g. cutting toenails).32 Those who had had 
a previous foot ulceration could withstand fewer cycles of stress 
to their feet before an ulcer recurred.33

Peripheral arterial disease (PAD) with obstruction of the arteries to 
the lower legs and feet also increases the risk of ulceration, and 
is a crucial factor in the delayed healing of foot ulcers. People 
with PAD may present with symptoms of ischaemia, such as 
claudication, rest pain, ulceration or gangrene. However, it is 
important to remember that people with diabetes often present 

without any history of these typical symptoms of ischaemia, 
because most of have established peripheral neuropathy as well. 
PAD in people with diabetes also occurs at an earlier age and 
progresses more rapidly.34,35

21.2. Prevention of foot ulceration and amputation 

The prevention and management of foot complications can be 
divided into a convenient 5 step approach (Figure I).

A foot examination should form part of the annual review 
of patients with diabetes in order to detect risk factors for 
ulceration. This is usually performed by a healthcare professional 
(HCP) proficient in the assessment of feet, but community health 
care workers can also be trained to do this in resource poor 
communities.

21.2.1 General prevention strategies

These include optimising treatment of elevated blood glucose, 
blood pressure (BP) and cholesterol, as well as advice on 
smoking cessation. This is essential to prevent microvascular and 
macrovascular complications of diabetes. Weight loss in obese 
individuals is important to reduce abnormal pressure on the foot. 

21.2.2 Education about foot-care and footwear  
(Appendix 21.1)

The patient and his/her caregiver should be advised by the 
healthcare professional on appropriate foot care. Effective foot 
care involves a partnership between patients, their caregivers 
and health professionals, and all parties should agree upon all 
decisions. Extra vigilance and a routine foot care programme 
should be employed in the older person with poor vision and 
mobility, who is possibly socially deprived and lives alone. 
Different patient education approaches should be applied to 
promote improved foot care. Structured education programmes 
should be considered at the time of diagnosis, and should be 
recommended to the patients as required on an ongoing basis.

Appendix 21.1 outlines some of the aspects that should be 
covered when educating patients and caregivers about self-care 
and the choice of footwear. This is conveniently divided into a 
checklist of things that they should and should not do. 

In addition, the healthcare provider should inspect the patient’s 
footwear at every visit. The patient should wear good shoes that 
fit well, and the health care provider should check that the shoes:

• Are the correct length and width.

• Allow enough room for the toes (high toe box).

• Have a smooth inner lining without seams.

• Have a flexible sole that can bend easily and is non-slip.

• Have a heel no higher than 4 cm.

General Measures
•  Optimise glycaemia, 

blood pressure and 
lipids

•  Smoking cessation
•  Weight loss (in obese 

patients)

Education
• Footcare advice
• Footwear inspection 

and advice

Foot Examination
• Skin
• Bones (Deformities)
• Nerves (Neuropathy)
• Vessels (PAD)

Risk Categorisation
• Low risk
• Moderate risk
• High risk

Management
• Non-ulcerative 

pathology
• Ulcerative pathology
• Plan referral and 

follow-up

Figure I:  The diabetic foot ulcer prevention plan
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The use of a foot template to select the length and width of shoes 
should be encouraged especially in patients with diminished 
sensation (Appendix 21.1, Figure II). The patient must stand 
(the foot widens substantially with weight bearing) on a piece 
of cardboard while someone traces the outline of the weight 
bearing foot. This template should fit into the selected shoe 
without the edges folding. 

Patients with sensory loss or a history of foot ulceration should 
receive intensive and repetitive education on the correct fit of 
shoes and early signs of ill-fitting shoes. These patients should 
also be referred to a podiatrist or orthotist for in-shoe pressure 
analysis and for therapeutic shoes to prevent plantar foot 
ulceration or reulceration.36

21.2.3 Regular examination of the feet (Appendix 21.2)

The comprehensive foot examination must be performed at 
diagnosis of type 2 diabetes, and if normal, repeated annually 
thereafter.37 It is worth noting that in the UKPDS study, 13% of 
patients had neuropathy of sufficient severity to put them at 
risk for foot ulceration at the time of diabetes diagnosis.11 An 
abnormal foot examination will warrant more frequent foot 
examinations (see “Risk categorisation” below).

The foot examination includes an assessment of the skin, bones, 
nerves and vasculature of the feet by a trained health care 
professional (Appendix 21.2).

21.2.3.1 Skin Assessment (Appendix 21.3)

It is important to look for ulcers, scars from previous ulcers, corns, 
calluses, fissures, fungal infections (particularly between the 
toes), blisters and signs of trauma. Areas of redness, and imprints 
of the socks or shoes on the skin may indicate ill-fitting stockings 
and footwear. Callus on the plantar surface over the metatarsal 
heads is important, as this indicates high plantar pressure. A 
dusky discolouration of the foot and diminished hair growth on 
the lower leg may indicate peripheral arterial disease (PAD).

The foot examination should also include a skin temperature 
assessment (with back of hand). Increased warmth is the first 
indicator of inflammation in an insensate foot. It may also indicate 
acute Charcot neuroarthropathy, a complication of the loss of 
protective sensation in the foot.38-40 This results in bony changes, 
and/or fractures, subluxations and dislocations. In addition, an 
acute Charcot neuroarthropathy foot may be associated with 
erythema and swelling, with overall clinical characteristics very 
similar to cellulitis. It may also need to be distinguished from 
osteomyelitis (especially if a foot ulcer is present).41,42 

Some skin abnormalities are illustrated in Appendix 21.3.

21.2.3.2 Bone (Deformity) Assessment (Appendix 21.3)

Foot deformities increase the risk of ulceration. The presence of 
any of the following must be documented:

• Bunion (hallux valgus)

• Hammer toes

• Arch abnormalities e.g. pes cavus, pes planus

• Limited joint mobility at the ankle or big toe

• Other bony prominences or deformities

• Features of acute or chronic Charcot neuroarthropathy.

Refer to Appendix 3 for illustrations.

21.2.3.3 Nerves (Neuropathy Assessment) (Appendix 21.4)

The examiner should test for the loss of protective sensation. 
Ideally, this should be done using a 10 g Semmes Weinstein 
monofilament or a 128 Hz tuning fork. The monofilament 
test is the preferred test.43 Note that the monofilament test as 
described is aimed at detecting neuropathy, not at identifying 
sites at risk of ulceration. If neuropathy is detected, plantar 
sites should be tested (plantar surfaces of first, third and fifth 
metatarsal and distal plantar surface of first toe as examples). A 
neurothesiometer can be used in a specialised setting.

Note that the aim of clinical examination is to determine the 
foot at risk. Unfortunately the monofilament test has not been 
standardised and testing varies from 1 to 10 sites. The Canadian 
Guideline uses a single test on the dorsum of the big toe.44 
A monofilament test with 7 or 8 correct responses (out of 8) 
effectively rules out neuropathy. So any score less than this 
means the patient must be regarded as “At Risk” as neuropathy 
cannot be excluded and the patient should be managed as “At 
Risk”. (If one wants to be certain that there is neuropathy, one 
needs 5 or more incorrect responses.) The same is true for the 
test with the tuning fork.45

Our guideline retains agreement with the 2008 Canadian 
Guideline1 in identifying the possible presence of neuropathy 
with the tuning fork or monofilament. The 2013 Canadian 
Guideline uses the same test but with a scoring system to 
indicate who would possibly develop neuropathy over the next 
four years.46 SEMDSA has not adopted this recommendation 
because complicated scoring systems are not easy to recall in 
primary care, and the tuning fork test could not predict incident 
neuropathy over four years.

If a monofilament or tuning fork is not available, a cotton wool 
ball or the fingertips can be used to test sensation by lightly 
touching the plantar surfaces of the feet, under the first, third 
and fifth toes. This is the Ipswich Touch the Toes test (refer to 21.4 
for details) and it has been validated against the monofilament. 
Neuropathy is defined as two or more insensitive sites out of 
these six.47 

21.2.3.4 Vasculature

The dorsalis pedis (on the top of the foot) and tibialis posterior 
pulses (behind the medial malleolus) should be palpated. If both 
are absent, the likelihood for PAD increases.

The patient should be asked about pain in the calves when 
walking. PAD is more likely if intermittent claudication is present 
and both pulses are absent in the same limb. However, the 
atypical presentation of “ischaemia without symptoms” can 
manifest in patients with diabetes.
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21.2.4 Risk stratification and follow-up

After examination of the feet, the patient’s risk stratification should 
be determined, and he or she should be evaluated accordingly 
(Table I). Appendix 21. 5 illustrates the comprehensive pathway 
of care for the different risk categories.

Patients identified as being at intermediate or high risk (category 
1 and 2) for ulceration must receive intensive education focussing 
on prevention, and also routine treatment of non-ulcerative foot 
pathology by a podiatrist if possible or alternatively by a trained 
health care worker. 

21.3. Specific management of positive findings on the 
foot examination

21.3.1 Painless neuropathy with loss of protective 
sensation

Note that not all patients have painful neuropathy. When there 
is loss of protective sensation (painless or painful neuropathy) 
the patient is regarded as being at risk for ulceration. Patient 
education, referral as needed (see below) and frequent 
examination (see Table I) are crucial in order to avoid foot 
ulceration. 

21.3.2 Painful peripheral neuropathy 

A recent meta-analysis recommends tricyclic antidepressants, 
serotonin–noradrenaline reuptake inhibitors, pregabalin, and 
gabapentin as first-line neuropathic pain therapy.49

If the patient still has severe symptoms, in spite of a trial of a 
minimum of 14 days of any of the above, he or she should be 
referred to the secondary-care level.

Patients with suspected Charcot foot must be referred to a 
hospital where orthopaedic surgical and podiatrist services are 
available.

21.3.3 Non-ulcerative foot pathology

Pathology requiring podiatric or orthopaedic care.

Depending on the available referral network, all patients with 
severe non-ulcerative foot pathology (e.g. corns, calluses, nail 
deformities or hypertrophy, foot deformities) should be seen by 
a podiatrist and an orthotist. Severe foot deformities could be 
referred to an orthopaedic surgeon.

21.3.4 Suspected peripheral arterial disease.

If both pedal pulses are absent in either foot, with or without 
symptoms of chronic ischemia, the patient should be referred 
to a centre where vascular surgery is available. Symptoms of 
ischaemia include intermittent claudication and/or rest pain. 
Signs of ischaemia include skin thinning, loss of hair growth, nail 
thickening, pallor on elevation, dependent rubor, ulceration and 
distal gangrene. If a patient has a foot ulcer with ANY absent foot 
pulse (dorsalis pedis OR tibialis posterior) they should have a full 
vascular assessment (Doppler studies). 

In the interim, the cardiovascular risk management should be 
optimised as per the SEMDSA guideline.

21.3.5 Ulcerative foot pathology

These patients should if at all possible be referred to a diabetes 
clinic or foot clinic at secondary or tertiary care level. 

Please refer to Wound Healing Association of South Africa 
(WHASA) consensus document of the management of the 
diabetic foot ulcer50 and the International Working Group on 
the Diabetic Foot (IWGDF) guidance on the diagnosis and 
management of foot infections in persons with diabetes.51

Authors: Paul Rheeder, Gerda Van Rensburgh, Naomi S Levitt 
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SEMDSA GUIDELINES

SEMDSA 2017 Recommendations.

Classification and Diagnosis

 ◦ The WHO classification of hyperglycaemia first detected in pregnancy has changed, and now includes “gestational 
diabetes” and “diabetes mellitus in pregnancy/overt diabetes”.

 ◦ The diagnostic criteria for gestational diabetes has changed. We currently adopt the IADPSG criteria.

Screening

 ◦ Pregnant women considered at high-risk for diabetes should be offered a 75 g 2-hour OGTT at their first visit 
(Grade B) and a further test at 24-28 weeks if the first test is normal (Grade A).

Referral 

 ◦ Diabetes in pregnancy is a high-risk condition and must be referred to specialist diabetes centres for management (Grade C).

Preconception

 ◦ Preconception counseling should occur (Grade A), and an HbA1C <6.5% (Grade B) should be achieved for at least three months  
just prior to conception to minimize the incidence of congenital anomalies.

 ◦ Folate (5 mg/day) should be taken from three months preconception to 12 weeks of gestation (Grade A).

 ◦ Hypertensive patients should achieve an acceptable BP of <130/80 mm Hg and discontinue ACE inhibitors and ARB therapies 
(Grade A).

 ◦ Statin therapy should be discontinued (Grade A).

Pharmacological management of diabetes during pregnancy

 ◦ Insulin is the preferred therapy for diabetes in pregnancy. Both human (Grade A) and some analogue insulins 
(Grade B) may be given during pregnancy as multiple daily injections, striving for normoglycaemia.

 ◦ Non-insulin oral agents: both metformin and glibenclamide may be prescribed/continued during pregnancy 
under specialist supervision (Grade B).

Timing of delivery

 ◦ For pre-existing type 1 and type 2 diabetes, and diabetes in pregnancy/overt diabetes

• Uncomplicated pregnancy- aim for elective delivery between 37-38 weeks gestation (Grade B).

• Complicated pregnancy- aim for delivery prior to 37 weeks gestation (Grade B).

 ◦ Gestational diabetes and

• Uncomplicated pregnancy- safe to continue pregnancy to 39-40 weeks gestation (Grade B).

• Complicated pregnancy- delivery prior to 40 weeks is advocated (Grade C).

Postpartum care

 ◦ All neonates born to mothers with diabetes should be delivered in a tertiary care centre and be assessed by a neonatologist 
(Grade A).

 ◦ All patients with hyperglycaemia in pregnancy and normoglycaemia post-delivery should be reassessed with a 2-hour OGTT at  
6 weeks postpartum (Grade A). Annual screening for diabetes should be performed if the result is normal (Grade B).

 ◦ Patients with pre-existing type 1 or type 2 diabetes may resume their pre-conception oral and/or insulin therapy.

 ◦ Patients with overt/gestational diabetes with persistent hyperglycaemia immediately postpartum should be managed 
accordingly.

Caution should be advised regarding hypoglycaemia if breastfeeding.
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22.1 Introduction

There has been a major revision since the 2012 guideline to the 
classification and diagnosis of hyperglycaemia which is detected 
for the first time in pregnancy. 

 Great strides have been made in the management of diabetes 
mellitus in pregnancy in recent years. As a result of the epidemic 
of obesity, more young women are being diagnosed with 
gestational diabetes and overt diabetes in pregnancy. This section 
serves to classify the different types of diabetes in pregnancy, the 
current and proposed criteria for diagnosis, and the principles 
of management. A diabetes-obstetrics healthcare team should, 
ideally, be responsible for the comprehensive management of 
these women. Excellent care throughout (and, in certain cases, 
prior to) pregnancy ensures a successful outcome in the vast 
majority of these pregnancies.

22.2 Prevalence

The prevalence of diabetes mellitus (diabetes) in pregnancy has 
been increasing worldwide, with the vast majority being due to 
gestational diabetes and the remainder due to disease predating 
the pregnancy i.e. pregestational diabetes. A global prevalence 
estimate of hyperglycaemia in pregnancy is 16.9%.1,2 To date, 
there remains a paucity of data regarding the prevalence of 
gestational diabetes in Africa.3  

22.3 Risks associated with uncontrolled diabetes in 
pregnancy

Uncontrolled diabetes during pregnancy poses numerous 
risks for the mother and foetus /neonate (Table I). In addition, 
diabetes in pregnancy increases the risk of obesity and Type 2 
diabetes in the offspring later in life.4

Table I. Maternal, foetal/neonatal complications

Maternal Foetal Neonatal

Pre-eclampsia Miscarriage Respiratory distress 
syndrome

Polyhydramnios Stillbirth Hypoglycaemia

Pre-term delivery Macrosomia Hyperbilirubinemia

Acceleration of 
vascular disease

Congenital 
anormalities

Hypocalcemia

Hypomagnesemia

Polycythemia

22.4 Diagnosis and classification of disorders of 
hyperglycaemia in pregancy

SEMDSA endorses and adopts the guideline on the diagnostic 
criteria and classification of hyperglycaemic disorders first 
detected in pregnancy as published by the World Health 
Organisation in 2013.8 

This guideline:
• Takes into consideration new evidence from the 

Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) 
study.

•  Proposes a new classification for hyperglycaemia first detected 
in pregnancy.

•  Removes the ambiguity with regard to fasting plasma glucose 
values in the 1999 WHO guideline.

Any known type of diabetes mellitus that existed prior to 
pregnancy should continue to be referred to as such (e.g. type 1 
diabetes, type 2 diabetes, LADA etc. [refer to Chapter 2]).

Hyperglycaemia detected for the first time in pregnancy, and at any 
stage of pregnancy, should be classified as either:

•  Diabetes mellitus in pregnancy (also referred to as “overt” 
diabetes by the IASDPG), or

•  Gestational diabetes mellitus (GDM).

This consensus distinguishes between “overt” diabetes in 
pregnancy and lesser degrees of hyperglycaemia (GDM) for the 
following reasons:

•  Overt diabetes during pregnancy, whether symptomatic or 
not, is associated with significant risk of adverse perinatal 
outcomes

•  A detailed assessment for the presence of diabetes-related 
complications is recommended at diagnosis of overt diabetes 
(but not GDM), especially complications which can affect 
pregnancy or be aggravated by it, such as retinopathy and 
renal impairment

•  During pregnancy a more intensive monitoring and treatment 
of hyperglycaemia is recommended and pharmacotherapy is 
much more likely to be required to control the hyperglycaemia 
for patients with overt diabetes

•  Following the pregnancy there is a need for closer follow-up 
and ongoing monitoring and treatment of women with overt 
diabetes.

The diagnostic criteria are summarised below.

Diagnosis of hyperglycaemia first detected at any stage of 
pregnancy8

Glucose Test Gestational 
diabetes

Diabetes mellitus 
in pregnancy /overt 
diabetes

Fasting plasma 
glucose (FPG) ≥ 5.1- 6.9 mmol/l ≥ 7.0 mmol/l; or

One hour 
post-glucose load (75 
g) plasma glucose

≥ 10.0 mmol/l Not applicable

Two hours 
post-glucose load 
(75 g) plasma glucose

≥ 8.5-11 mmol/l ≥ 11.1 mmol/l

One or more of these criteria must be satisfied for the diagnosis of GDM to be 
made.

Classification of diabetes in pregnancy8

Pre-existing diabetes
Type 1, type 2 or other form of diabetes that was diagnosed before 
the pregnancy, with or without complications of diabetes.

Hyperglycaemia first detected in pregnancy
Diabetes mellitus in pregnancy (also referred to as “overt diabetes”): 
identification of, diabetes for the first time in pregnancy, using the 
(conventional) 2006 WHO criteria for diabetes in non-pregnant 
adults. 8

Gestational diabetes: defined as any degree of glucose intolerance 
with onset or first recognition during pregnancy5 that is not clearly 
overt diabetes, with resolution post-delivery.
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22.5 Screening for Gestational diabetes (GDM)

Pregnant women with the risk factors listed below should 
undergo a two-hour 75 g oral glucose-tolerance test 
(OGTT) at first booking and if normal, a repeat test at  
24-28 weeks gestation, to screen for GDM as proposed by 
IADPSG (International Association of the Diabetes and Study 
Pregnancy Groups):5–7 

• Repeated glycosuria

• Previous GDM

• Family history of diabetes (first-degree relative)

• History of stillbirths of unknown origin, previous congenital 
anomalies and suspicion of polyhydramnios in present 
pregnancy

• History of high-birth weight infant ≥ 4.5 kg

• Obesity (body mass index (BMI) > 30 kg/m2)

• History of polycystic ovarian syndrome

• History of unexpected perinatal death

• Women of South-Asian descent

Note: Universal screening for gestational diabetes may be 
adopted in well-resourced settings.

22.6 Preconception counseling and education

Suitably trained educators should provide education on all 
aspects of diabetes and its management before and during 
pregnancy. Pregnancy should ideally be planned in the 
patient with diabetes and hence preconception counseling 
is particularly important.

The following topics must be covered:

• Contraception: Effective contraception must be used until 
optimal HbA1C levels are achieved.

• Optimising glucose control

 ◦ Preconception glycated haemoglobin (HbA1C) must be as 
close to the normal range as possible without significant 
hypoglycaemia. Target HbA1C ≤ 6.5%.

6,10 

 ◦ Four to seven home blood-glucose tests should be 
carried out daily; refer to targets below (Table II).

 ◦ If there is suboptimal blood-glucose control on oral agents, 
refer for insulin therapy.

 ◦ Advice should be given on the management of 
hypoglycaemia.

• Diet, exercise and structured education:

 ◦ The patient should be referred to a dietitian for education 
on the ingestion of regular, small-to-moderate portions of 
low glycaemic-index carbohydrates.

 - Weight-loss education should be provided if the body 
mass index (BMI) > 27 kg/m2.

 - Regular exercise should be encouraged.

 - Advice should be given on smoking cessation and 
abstinence from alcohol use.

• Hypertension 
Chronic hypertensive patients should achieve a satisfactory 
blood pressure (BP<130/80 mm Hg) pre-conception.6

• Medications

 ◦ Ensure folic acid supplementation

 ◦ Review other medication: avoid angiotensin- converting 
enzyme (ACE) inhibitors, angiotensin-II receptor blockers 
(ARBs), statins and diuretics.

 ◦ Treat hypertension with methyldopa.

• Screen for and refer diabetic complications e.g. retinopathy, 
nephropathy and cardiac disease.

• Screen for human immunodeficiency virus (HIV) and immunity 
to the rubella virus.

• Counsel on risks associated with pregnancy in individuals with 
diabetes (Table I).

22.7 Management of diabetes during pregnancy

The management of the pregnant diabetic women requires 
intensive specialist supervision. Referral to a centre with a 
diabetes-obstetric healthcare team (including a physician with 
a special interest in diabetes or endocrinology), obstetrician, 
paediatrician, dietitian and diabetes nurse educator) would 
be ideal.

The mainstay of the medical management of diabetes during 
pregnancy involves frequent monitoring of blood glucose 
levels with adjustment of diet and, in most cases, the addition 
and or adjustment of therapy to achieve normoglycaemia. 
Frequent self-monitoring, i.e. six point profiles, of capillary 
blood glucose must be performed in pregnancy at the 
following times: pre-meal, one/two hours postprandial, 
and late at night.6,7 Continuous glucose monitoring systems 
(CGMS) should not be offered routinely in pregnant females 
with diabetes, and may be considered, if available, in the 
following circumstances:6

1. Problematic or severe hypoglycaemia

2. To gain information regarding glucose variability

3. Presence of unstable glucose levels

Patients must be followed closely to term: every two weeks 
until 32 weeks of gestation, and weekly thereafter until just 
before delivery.

22.7.1 Dietary therapy during pregnancy

All patients should be referred to a dietician for detailed 
dietary advice. The diet should comprise approximately 40% 
carbohydrate (complex, low-glycaemic index, high fibre),6 
40% fat (at least 50% unsaturated) and 20% protein. The 
daily meal plan should include three meals, plus three or 
four snacks. Dietary consistency (in amount and timing of 
food intake) must be maintained to facilitate tight glycaemic 
control without inducing hypoglycaemia. Regular, moderate 
intensity exercise is recommended for at least 30 minutes 
daily throughout pregnancy.11 Caution should prevail should 
any maternal or neonatal complications arise.
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22.7.2 Insulin therapy during pregnancy

Insulin is the preferred therapy for diabetes in pregnancy. It is 
indicated in all patients in whom target blood glucose levels 
are not met (Table II).

Table II. Target blood glucose levels during pregnancy as adopted 
by the Endocrine Society6

FPG < 5.3 mmol/l

One hour postprandial < 7.8 mmol/l

Two-hour postprandial < 6.7 mmol/l

Multiple injections of short- and longer-acting insulins 
are recommended, i.e. short-acting human insulin, and 
intermediate-acting human neutral protamine Hagedorn 
(NPH) insulin, with the total dose of insulin varying from  
0.7 U/kg-2U/kg (present pregnancy weight). Insulin 
requirements rise progressively as the pregnancy advances. 
Frequent adjustments to insulin dosages must be made to 
achieve the target levels of blood glucose (Table II).

Insulin analogues are deemed safe during pregnancy based 
on a growing body of evidence.12,13 Short-acting analogues 
(Aspart and Lispro) are not known to adversely affect the 
outcomes of the pregnancy or the foetus. To date, there are 
no clinical trials assessing insulin glulisine in pregnancy and 
hence it is not recommended.

Long-acting insulin analogues (detemir or insulin glargine) 
may be continued in women with diabetes who have 
established good blood glucose control before pregnancy. 
It should, however, be noted that only insulin detemir is 
currently approved by the FDA (category B).14,15

22.7.3 Oral hypoglycaemic agents in pregnancy

Although there is a lack of long-term safety data for oral 
hypoglycaemic agents (OHA) in pregnancy, both metformin 
and glibenclamide may be used in selected patients with 
type 2 diabetes, overt and GDM (category B). Offer metformin 
to patients with GDM who have not met glucose targets 
following 1-2 weeks of dietary and lifestyle manipulation. 
Consider glibenclamide, for women in whom blood glucose 
targets are not met with metformin and who decline insulin, 
or in those patients who are intolerant of metformin.16,17

It is important to educate patients regarding the potential 
risks of each agent and to note that the majority (60-70%) will 
require supplemental insulin therapy at some point during 
the pregnancy.16

22.8 Timing of delivery

Advise pregnant women with pregestational diabetes and 
no other complications to have an elective birth, either 
by induction of labour or caesarean section between 37 
and 38 weeks of pregnancy. Consider elective birth  prior 
to 37 weeks if there are metabolic or any maternal or foetal 
complications.7 The optimal timing of delivery in patients 
with GDM has not been evaluated in well-controlled trials.18 

In controlled patients, whether on diet alone or diet and 
therapy, pregnancy may continue safely until 39-40 weeks. 
If any maternal or foetal complications are present, earlier 
delivery is advised.

22.9 Management during labour or caesarean section

Glycaemic control during labour and birth is of utmost 
importance to avoid adverse neonatal outcomes. It is essential 
that capillary blood glucose is monitored hourly during 
labour and birth, ensuring that it is maintained between  
4-7 mmol/l. Intravenous dextrose and insulin infusions should 
be prescribed at the onset of labour for all diabetic women 
whose glucose is not maintained between 4-7mmol/l.6 

These infusions are also useful for glycaemic control during 
caesarian section.

22.10 Postpartum

Women with diabetes in pregnancy should be advised to 
deliver at a hospital where advanced neonatal resuscitation 
skills are available. Numerous morbidities may present in 
babies born to women with diabetes (Table I). A neonatologist 
should assess newborns for any of these where clinically 
indicated.

Importantly, insulin requirements fall exponentially after 
delivery. Caution should be exercised in Type I diabetic 
patients during this period, in order to avoid hypoglycaemia.

Type 2 diabetic women may resume their OHA immediately 
post-delivery and be reassured that these agents are safe 
during breastfeeding. Patients with overt diabetes/GDM and  
persistent hyperglycaemia immediately postpartum, should 
be managed accordingly. In those with normal glucose 
profiles post-delivery, their therapy should be stopped and 
they should undergo a 75g OGTT at six weeks to check for 
postpartum persistence of glucose intolerance. If normal, 
offer an annual HbA1C test, given the high risk of developing 
Type 2 diabetes in these patients. Lifestyle interventions (diet 
and exercise) and/or drug therapy, i.e. Metformin, may have a 
role in preventing future diabetes in such patients.19,20 

Contraception should be discussed and implemented. Most 
forms of contraception are safe and effective in women with 
diabetes.

Breastfeeding should be encouraged wherever possible both 
in women with overt or gestational diabetes. 
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In children and adolescents, it can be difficult to differentiate 
between type 1 and type 2 diabetes mellitus (DM), and both 
type 1 and type 2 diabetes can manifest in the same individual.1 
Children and adolescents with diabetes are at risk of ketoacidosis, 
which carries significant morbidity and mortality if not managed 
appropriately.

23.1 Diagnosing diabetes mellitus in children and 
adolescents

Children and adolescents may present with the classical 
symptoms of hyperglycaemia which include polyuria, polydipsia, 
blurred vision, and weight loss in association with glycosuria, 
and in some cases, ketonuria.

The criteria for the diagnosis of diabetes in children and adolescents 
are similar to that in adults and include any one or more of the 
following four:1-5 

1. Symptoms of diabetes (polyuria, polydipsia and unexplained 
loss of weight) and a random plasma glucose of ≥ 11.1 mmol/l

2. Fasting plasma glucose of ≥ 7.0 mmol/l

3. Oral glucose tolerance test using 1.75 g/kg glucose to a 
maximum of 75 g anhydrous glucose dissolved in water, 2-hour 
post-challenge plasma glucose ≥ 11.1 mmol/l

4. HbA1C ≥ 6.5%.

In children and adolescents it is safest to assume that the diagnosis 
is type 1 DM, but consider type 2 if any of the following risk factors 
for type 2 diabetes is present:1

• Family history of type 2 diabetes in first-degree or second-
degree relative

• High risk race or ethnic group (e.g. South Asians)

• Signs of insulin resistance or conditions associated with 
insulin resistance (e.g. acanthosis nigricans, hypertension 
dyslipidaemia, polycystic ovarian syndrome).

Testing for anti-GAD and anti-IA2 antibodies is recommended 
in all patients with clinical type 2 diabetes mellitus <18 years, as 
autoimmune beta-cell destruction may co-occur with the insulin 
resistant features, and obesity/insulin resistance can accelerate 
the presentation of type 1 diabetes. The presence of antibodies 
predicts an earlier need for insulin, and the risk of having or 
developing other autoimmune disorders associated with type 1 
diabetes mellitus.1

23.2 Screening for type 2 diabetes1-5

There is little published evidence to justify systematic screening 
of asymptomatic children for type 2 diabetes mellitus outside of 
the research setting. 

Opportunistic testing for Type 2 diabetes mellitus should be 
considered in an overweight patient with:

i) BMI >99th percentile for age and sex, regardless of any 
additional factors or 

ii) BMI at or above the 85th percentile for age and sex and any 2 
of the following:

SEMDSA 2017 Recommendations

All children and adolescents with diabetes should be referred to a specialist (an endocrinologist or a specialist with an 
interest in childhood diabetes) at diagnosis to minimise errors in classification and to plan appropriate management.

C

When there is doubt about the aetiological classification of diabetes in children and adolescents, it is safer to treat for 
type 1 diabetes until diagnostic clarification can be obtained.

C

Test for anti-GAD and anti-IA2 antibodies in all patients with clinical type 2 diabetes mellitus under18 years of age. C

Opportunistic screening for Type 2 diabetes mellitus may be considered in the patient at risk and repeated every 2 
years.

C

Hyperglycaemic emergencies must be referred to, or managed in conjunction with, a paediatric diabetes specialist. C

Metformin should be used as first line in the otherwise well, less symptomatic child with type 2 phenotype. B

Initiate insulin if the HbA1C is not controlled after 6 months. B

Co-morbidities (hypertension, albuminuria, dyslipidaemia etc.) should be actively sought and treated. B
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1. Family history of type 2 diabetes in first-degree or 
second-degree relative.

2. High risk race or ethnic group (e.g. South Asians).

3. Signs of insulin resistance or conditions associated with 
insulin resistance (e.g. acanthosis nigricans, hypertension 
dyslipidaemia, PCOS).

General recommendations for screening include: 
1. Screening should begin at age 10 years, or at onset of puberty 

if this occurs at a younger age.

2. If the initial screening is normal, repeat testing every 2 years.

3. A fasting plasma glucose test is the preferred screening test.

4. If the fasting glucose does not meet diagnostic criteria but 
clinical suspicion is high, then an OGTT is a more sensitive 
tool.

23.3 Management of type 2 diabetes in children and 
adolescents

The aim of management in children and adolescents with type 
2 diabetes mellitus is to minimise the risk of acute and chronic 
complications of diabetes by:

• Achieving and maintaining weight loss in obese individuals. 

• Increasing exercise capacity.

• Normalising blood glucose levels and HbA1C to <7%.

• Controlling associated co-morbidities e.g. hyperlipidaemia 
and hypertension.

23.3.1 Emergency management

If the child or adolescent presents in diabetic ketoacidosis (DKA) 
or hyperglycaemic hyperosmolar non-ketotic coma (HHNK), 
immediately refer the patient to a paediatric diabetes specialist. 
If this is not possible, contact a paediatric diabetes specialist 
telephonically for guidance and assistance.

The risk of cerebral oedema and death is high in childhood and 
adolescence, and a paediatric protocol for management must be 
used.

23.3.2 Management strategy1-5

Best practice: ANY diabetes in a child or adolescent <18yrs should 
be referred to or discussed with a paediatric diabetes specialist.

There are three components to managing type 2 DM in children 
and adolescents:

1. Diet/Lifestyle modification

• The patient and parents must be referred to a dietitian. 

2. Medication

• NB: NO Aspirin is to be used in children and adolescents 
<21 years.

• If ketosis, acidosis, or dehydration is present the 
management is insulin first, adding metformin later once 
hydrated and ketone-free.

• If the diagnosis is in doubt whether type 1 or type 2 DM, 
the management is insulin and metformin, weaning the 
insulin once the HbA1C is controlled.

• Ketones (preferably ß-hydroxybutyrate) must be 
monitored and if they recur, insulin must be reinitiated.

• Metformin is used in the otherwise well, less symptomatic 
child with type 2 phenotype.

• Initiate insulin if the HbA1C is not controlled after 6 months.

Metformin initiation: Low dose (500 mg) daily, then twice 
daily (over 3-4 weeks), then increase dose as tolerated to 
a maximum of 1 g twice daily, titrated to HbA1C and self-
monitoring blood glucose testing (SMBG).

3. Education including SMBG

• It must be emphasised that there is a possibility that the 
diagnosis is Type 1 diabetes, and that insulin may be 
required. SMBG is essential to prevent DKA/HHNK.

Figure I describes the management algorithm with titration 
thresholds.

23.4 Screening for complications and associated risk 
factors1-5

• Albuminuria should be evaluated at diagnosis and 
annually thereafter. Either micro- or macro-albuminuria 
may be present at diagnosis. An ACE inhibitor is the first line 
therapy. Remember to counsel fertile girls/women about the 
teratogenicity of ACE inhibitors.

• Hypertension (>95th percentile for age, height and gender) 
may be present at or prior to diagnosis of DM and each 
individual should be assessed at each visit for HPT is estimated 
to account for 35-75% of diabetes complications i.e. both 
micro and macrovascular. An ACE inhibitor is first line therapy 
(especially if microalbuminuria).

• Dyslipidaemia is more common in Type 2 DM and in family 
members and should be screened for when metabolic stability 
is achieved. Hypertriglyceridaemia and decreased HDLC are 
hallmarks of Type 2 dyslipidaemia. This is primarily treated 
with weight loss, lower cholesterol diet and improved glucose 
control. Statins are only to be used under specialist care – and 
with extreme caution in childbearing age adolescent girls/
young women.

• Evaluate for non-alcoholic fatty liver disease (NAFLD) at 
diagnosis and annually thereafter, with a screening ALT level. 
Hepatic steatosis is present in 25-45% of adolescents with 
Type 2 DM. NAFLD now represents the most common cause of 
cirrhosis in children and is the most common reason for liver 
transplantation in the adults in the United States. Metformin 
must not be used if the liver enzymes are >2.5 times the upper 
limit of normal.

• Screening for diabetic retinopathy is to be performed at 
diagnosis and annually. The preferred method is retinal 
imaging by fundus photography, or dilated fundoscopy 
performed by an ophthalmologist or trained clinician.

• A history of pubertal development, menstrual irregularities 
and obstructive sleep apnoea, should be elicited at diagnosis 
and regularly thereafter with appropriate management as 
required.
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Fertility may improve on metformin and contraception should 

be emphasised in the sexually active individual.

Discuss with or refer to paediatric specialist if any risk factors or 

complications are present.

Author: Michelle Carrihill, in conjunction with PAEDS-SA

Editors: Ankia Coetzee and Aslam Amod
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Initiate insulin therapy; metformin once ketones 
cleared; lifestyle and diet management
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diet management

Does patient have any of the following:
• Ketosis or ketoacidosis
• Uncertainty whether type 1 or type 2
• HbA1C > 9%

Type 2 diabetes mellitus diagnosed in a child or adolescent

Intensify treatment Continue current treatment; 
attempt to wean off insulin

Continue current treatment Intensify treatment

Yes

Yes Yes

SMBG, titrate insulin
HbA1C every 3 months HbA1C every 3 months

HbA1C <7% HbA1C <7%

No

No No

Figure I: Management algorithm for type 2 diabetes in children and adolescents2
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24.1 Introduction

There is no general agreement on the age at which a person 
becomes old. The common use of chronological age to mark 
the threshold of old age assumes equivalence with biological 
age, yet these two are not necessarily synonymous. There is 
no universally accepted age that defines the older person; the 
United Nations, World Health Organisation and Statistics South 
Africa accept age 60+ as being older, while many developed 
countries use age 65+ (the pensionable age). This chapter will 
use age 60+ as a basis to define the age at which a progressive 
decline in health and functional status is more likely to occur, 
and co-morbidities are likely to be common enough to justify 
some generalisations about diabetes management. Ageism 
(discrimination based only on age) is unacceptable. The aim of 
this chapter is to improve the care of the older person, not to 
deny care based only on the age of the person. 

Ageing is regarded as a major contributor to the diabetes 
epidemic. The percentage of the South African population 
aged 60 years and above rose from 7.1% (2.8 million) in 1996 
to 8.0% (4.1million) in 2011.1 Estimates show that the older 
population will continue to increase, and it is estimated that by 
2030 there will be ~7 million older persons in South Africa.1 The 
national prevalence of diabetes, hypertension, dyslipidaemia 
and obesity in 2012 is shown in Appendix 2 (SANHANES-1).  For 
the population older than 65 yrs, 40% have abnormal glucose 

regulation and 50% have dyslipidaemia.2 Diabetes in older adults 
is linked to higher mortality, yet they are often excluded from 
randomised controlled trials of diabetes.3,4 The care of older 
persons with diabetes impacts on the whole family, and this 
must be taken into account. 

Diabetes in older persons is unique and may be complicated by 
a non- specific clinical presentation with vague symptoms. Age-
related insulin resistance (IR) coupled with age-related declines 
of pancreatic beta-cell function both contribute.5,6 A small 
increase in fasting plasma glucose (FPG) and significant increase 
in post-prandial or 2 hours post oral glucose tolerance test 
(OGTT) are usually seen. It has also been shown that the renal 
threshold for glucose increases with age and therefore may not 
demonstrate glycosuria despite elevated blood glucose.7  The 
recommended diagnostic criteria for diabetes remains the same. 
Caution needs to prevail with the interpretation of the HbA1c 
as it may be altered by co-existing conditions. These biological 
differences have important therapeutic relevance to this patient 
population. 

24.2 Hypoglycaemia

Impaired liver and renal function due to ageing, with or without 
coexisting disease leads to decreased gluconeogenesis. This can 
be compounded by the reduced clearance of medications such 
as insulin and sulphonylureas and may put patients at higher 
risk of hypoglycaemia. The normal (autonomic) defences against 

SEMDSA 2017 Recommendations 

A holistic individualised care plan for older individuals, with the aim of maintaining independence should be sought. C

Prevention of hypoglycaemia should take priority over attainment of glycaemic targets. C

The healthy older adult who has a life expectancy that exceeds the duration of randomised controlled trials showing 
benefit, should generally receive diabetes care with goals and targets similar to those for younger adults.

C

Patients older than 65 years should be screened annually for cognitive impairment,  dementia and depression 
because these impact on diabetes management decisions.

B

Metformin is the initial drug of choice for older adults unless contra-indicated or not tolerated. B

Sulphonylureas should be used with caution as the risk of hypoglycaemia increases exponentially with age. They 
should be avoided in older adults at particularly high risk for hypoglycaemia or its consequences.

B

Thiazolidinediones should be used with caution due to the risk of fractures and heart failure. C

DPP-4 inhibitors have excellent tolerability profiles, very low risk of hypoglycaemia and is the preferred second drug 
for the older person with comorbidities.

B

If insulin mixture is used, premixed solutions and prefilled pens should be used to reduce dosing error. B

The clock drawing test may be used when assessing capability of a patient to administer insulin. C

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)
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hypoglycaemia may be impaired and can lead to hypoglycaemic 
unawarenes.8-10 In addition; hypoglycaemia is hazardous in the 
older person as it predisposes to falls, cognitive impairment 
and may precipitate cardiac adverse events.11 The avoidance of 
hypoglycaemia should therefore be a priority.

24.3 Glucose targets

Hyperglycaemia is associated with chronic (micro and 
macrovascular) complications and acute metabolic 
complications. The general recommendation is to aim for 
an HbA1c <7.0%  based on the results of the UK Prospective 
Diabetes Study (UKPDS). The UKPDS showed reduction in 
microvascular complications with glycaemic control but mostly 
excluded people >65 years.12 The Veterans Affair Diabetes trial 
(VADT) included older patients and did show a benefit with a 
decreased risk of nephropathy with good control. However, 
like the Action in Diabetes and Vascular Disease: Preterax and 
Diamicron MR Controlled Evaluation (ADVANCE) trial it failed 
to show cardiovascular benefit.13 Other trials like the ACCORD 
(average duration of diabetes 10 years with average age 64 years) 
found a higher overall mortality in intensively-treated (HbA1c 
target < 6%) patients.14  The most reasonable interpretation 
of the existing evidence is that safe, effective prevention of 
cardiovascular disease include intensive glycaemic control 
that begins early in the course of diabetes and that aggressive 
intensive control in older persons with high cardiovascular risk 
may be harmful.15 

When deciding on a treatment plan, it is important to appreciate 
the heterogeneity of this population and understand the 
disparities that may exist between individuals of the same 
chronological age. The principles to be followed in choosing 
individualised glycaemic targets, including older persons, is 
discussed in Chapter 8: Glycaemic targets. Healthy older persons 
should be treated to achieve similar glucose, blood pressure and 
lipid targets as their younger counterparts.16 The UKPDS showed 
benefit of intensive glycaemic control over 10 years, so it is 
reasonable to aim for intensive control in healthy older persons 
with a life expectancy greater than 10 years.  For older persons 
with limited life expectancy, cognitive impairment, frailty, high 
fall risk or multiple comorbidities (e.g. cardiac, renal, respiratory, 
neurological diseases) less stringent targets (HbA1c up to 8.5% 
and fasting glucose up to 12 mmol/L) may be acceptable. The 
prevention of hypoglycaemia should always take priority in 
these latter patients. 

24.4 Specific Treatments

When individualising therapy it is important to contemplate all 
the potential benefits and harms. Generally medication with the 
least risk of hypoglycaemia is preferred. Lifestyle modification 
is still advised and if no contraindication exists, exercise should 
form part of the treatment plan. 

24.4.1 Oral agents

• Metformin

Has evidence for benefit. The dose should be adjusted for 
renal function. Additional precautions might be necessary 
at times of severe illness such as dehydration or the use 

of contrast agents etc.17,18  Metformin may be associated 
with biochemical vitamin B12 deficiency in older patients 
with diabetes mellitus.19 Its significance is not known but 
it should be treated. It may also cause undesirable weight 
loss/cachexia in normal weight individuals; treatment will 
need to be changed if this occurs. 

• Sulphonylureas  

Sulphonylureas with active metabolites (glibenclamide and 
glimepiride) generally have a higher risk of hypoglycaemia. 
Gliclazide MR is the preferred sulphonylurea as it has the 
lowest risk of hypoglycaemia (Refer to Chapter 9 for a 
detailed review). The mean age of patients in the European 
GUIDE study was 60 yrs and gliclazide MR was 2.5 times less 
likely to cause significant hypoglycaemia than glimepiride 
(3.7% vs. 8.9% of patients).22 The WHO Comparative 
Safety and Efficacy of Glibenclamide in the Elderly report 
analysed comparative evidence for safety and efficacy 
of glibenclamide, glimepiride, glipizide and gliclazide. 
The evidence showed that glibenclamide was not a safe 
medication for use in older persons (patients older than 60 
years of age). 

Recommendations: Glibenclamide must not be used in 
older persons.23 Gliclazide MR has a superior safety profile 
for hypoglycaemia than glimepiride in a group of patients 
that included older persons. Initial doses of sulphonylureas 
should be at half the dose used for adult patients and 
doses should be increased more gradually.20-22 When 
prescribing sulphonylureas in older persons  it is best to 
start at the lowest dose and slowly titrate to individualised 
target while monitoring for hypoglycaemia. For older 
individuals at particularly high risk of hypoglycaemia (e.g. 
HbA1c target <6.5%, renal impairment, erratic food intake, 
cognitive impairment, hypoglycaemia unawareness) 
or its consequences (frailty, high fall risk, inability to 
respond rapidly to symptoms, severe cardiovascular 
disease, autonomic neuropathy) it is best to avoid the 
sulphonylureas as a class. 

• DPP-4 inhibitors

These oral agents are dosed once-daily. They are weight 
neutral, have excellent tolerability profiles and pose  no 
risk of hypoglycaemia. As such, they are attractive agents in 
older persons. They lower HbA1c levels by only 0.6% and are 
mostly used as add on agents. Not all drugs in this class have 
the same adverse event profile, and all available agents in 
SA must be adjusted for renal impairment.24-26 (See Chapter 
9 for details).  Their excellent tolerability profiles, low risk of 
hypoglycaemia, and once-daily dosing make this drug class 
suitable for the frail and debilitated older persons. Studies 
by Schweizer et al27 in populations aged over 75 years and 
by Strain et al28 in patients aged over 70 years conclude 
that vildagliptin is safe in the elderly, and HbA1c targets for 
control can be achieved safely. 
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• Thiazoledinediones

The use of pioglitazone in older adults needs to be carefully 
weighed with the risks of fluid retention, weight gain, 
and increased risks of heart failure, fracture and possibly 
bladder cancer.29 The use of TZDs in patients over the age 
of 75 is not recommended at primary care level.

• SGLT2 Inhibitors

At the time of publication these drugs were not yet 
registered in South Africa. Refer to Chapter 9 for a more 
detailed review. These drugs cause glycosuria resulting in 
fluid and caloric loss. They do not cause hypoglycaemia. 
They can result in weight loss, dehydration, hypotension, 
acute kidney injury and fungal genital infections, and 
should be avoided in the frail older person. Canagliflozin 
has been associated with bone fractures and toe 
amputations. Empagliflozin was associated with reductions 
in cardiovascular outcomes, death and heart failure in a 
secondary prevention study, particularly in older people. 
Patient selection will be important in determining 
treatment success with this class.

24.4.2 Injectable agents

• Insulin

Prior to initiating insulin it is important to evaluate whether 
or not the patient is capable of using an insulin pen or 
drawing up and administering the correct dose. The patient 
and caregivers should be able to monitor and interpret 
blood glucose levels. The prescribed insulin regimen 
should be simple, individualized and have the least risk 
of hypoglycaemia. The clock drawing test is a screening 
tool commonly used when screening for dementia. It can 
accurately be used to predict which older subjects are 
likely to have problems with insulin therapy.30-32 Premixed 
and prefilled insulin pens as alternatives to mixing 
and conventional syringes are preferred as these have 
been shown to minimize errors in this group.33 Detemir 
and glargine may be used to lower the frequency of 
hypoglycaemic events.34,35 The same principles of initiating 
insulin in general apply, but conservative doses with more 
conservative glycaemic targets should be used in older 
persons. (See section on insulin)

• GLP-1 agonists 

These are not contra-indicated in overweight older persons 
but should be used with caution in normal weight older 
persons because of undesirable weight loss, which may 
affect muscle bulk strength (sarcopaenia). (See section 
on non-insulin therapy). Their weight-reducing effect and 
gastrointestinal side effects may be detrimental for the frail 
older patients with poor caloric intake and poor nutrition.36 
These drugs should be used with caution in older patients 
with unintentional weight loss, are malnourished or at high 
risk for malnutrition.37 Liraglutide was beneficial in lowering 
adverse cardiovascular outcomes compared to standard 
therapies in patients with pre-existing cardiovascular 
disease in the LEADER trial.38

24.4.3 Hypertension

More intensive control of BP (systolic <140 vs. <120) does 
not improve outcomes and results in more side effects.39 The 
target BP for older persons is <140/90 mmHg (see section on 
hypertension). Drugs with proven benefit in older persons 
include thiazide-like diuretics (indapamide), ACE-inhbitors and 
angiotensin receptor blockers and calcium channel blockers, 
although amlodipine may increase the risk of heart failure.40

24.4.4 Dyslipidemia

The treatment of dyslipidaemia with statins for both primary and 
secondary prevention of CV events has been shown to reduce CV 
morbidity and mortality in older people with diabetes. The data 
on the use of fibrates in this patient population are equivocal.38 
Combination statin and fibrate therapy in older persons should 
only be prescribed under specialist supervision. (Refer to  
Chapter 16: Cardiovascular Risk and Dylipidaemia.)

Author: Sophia Rauff
Editors: Aslam Amod and Zaheer Bayat
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25.1 Introduction

South Africa, with a population of just over 50 million people, 
has an HIV prevalence of 12.7%, equating to about 7.03 million 
people living with HIV, which is the highest in the world, and 
equally has the largest state funded Anti HIV Roll out programme, 
with approximately 3.4 million patients receiving treatment. This 
has translated into a reduction in acute complications of HIV 
infection and increased longevity, with lifespan increases from 
52 years in males in 2002 to 60.6 years in 2016 and 56.4 years to 
64.3 years for females for the same period.

This has led to an increase in the chronic metabolic complications 
of both HIV and highly active anti-retroviral therapy (HAART) 
which amongst others include dyslipidaemia, accelerated 
atherosclerosis, osteoporosis, insulin resistance and diabetes 
mellitus.

In patients treated with HAART, the prevalence of new onset 
diabetes mellitus is approximately 5% and that of pre diabetes 
up to 15%, especially in patients on protease inhibitors (PI) and 
certain nucleoside reverse transcriptase inhibitors (NRTI).

25.2 Metabolically neutral vs. metabolically unsafe 
drugs

Since the last type 2 diabetes guidelines were published in 
2012, the South African HIV Society has adopted new treatment 

guidelines in line with international guidelines. The biggest 
change is the so-called “test to treat” strategy whereby every HIV 
positive patient is initiated on HAART irrespective of their CD4 
cell count or clinical condition. This means that more patients 
are becoming eligible for treatment. However, an even bigger 
positive step is the introduction of newer, safer, metabolically 
neutral antiretroviral drugs as illustrated below (Table I). 

The newer classes which include entry inhibitors (enfurvirtide), 
and integrase inhibitors (raltegravir) and CCR5 inhibitors 
(maraviroc) are considered metabolically neutral. Therefore it is 
likely that more patients will live longer with safer drugs.

25.3 Risk factors for development of diabetes in HIV+ 
patients

There are many factors that predispose HIV positive patients on 
HAART to developing diabetes. The same traditional risk factors 
that apply to non-HIV positive patients must still be considered.

25.3.1 Traditional risk factors
• Family history 

• Ethnicity

• Obesity (BMI ≥25 kg/m2)

• Physical inactivity

• Previous gestational diabetes or big baby (>4 kg)

SEMDSA 2017 Recommendations

Both HIV and diabetes are increasing epidemics and each condition influences the other.

HIV itself, and the treatment of the condition, both increase the risk for the development of diabetes.

The criteria for the diagnosis of diabetes in HIV-infected individuals is not different. However, HbA1C measurements may be 
influenced by co-morbidities and drugs, and is therefore not optimal for diagnosis. A glucose tolerance test is preferred for 
diagnosis. HbA1C is suitable for diabetes monitoring.

Metabolically neutral anti-retroviral drugs are preferred in patients with diabetes.

Metfomin, pioglitazone, sulphonylureas and insulin are all effective in the treatment of diabetes in patients infected with HIV 
infection,  although caution is needed with specific co-morbidities.
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Table I: Classification of drug classes by metabolic profile

Metabolically neutral NRTIs Metabolically unsafe NRTIs Metabolically unsafe Protease 
Inhibitors

Metabolically neutral Protease 
Inhibitors

Abacavir
Tenofivir
Emtricitabine
Lamivudine

Stavudine
Didanosine
Zidovudine

Indinavir
Ritonavir
Saquinavir
Lopinavir 
Ritonavir

Darunavir 
Atazanvir 
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• Cardiovascular disease 

• Low birth weight

• Polycystic ovary syndrome or acanthosis nigricans

• Dyslipidaemia

• Age > 45 years

25.3.2 HIV related risk factors 
• HIV virus, viral load, CD4 count, duration of HIV infection

• Rapid weight gain after the catabolic phase (return to health 
phenomenon)

• Co infection with hepatitis 

• Dyslipidaemia with lipotoxicity

• Lipodystrophy

• Iatrogenic 

25.4 Classification of HIV in patients with diabetes

Three subgroups of patients with HIV and diabetes can be 
identified: 

1. Patients with pre-existing diabetes who contract HIV.

2. Those who are diagnosed with both HIV and diabetes 
mellitus at the same time.

3. Those who develop hyperglycaemia post-HAART initiation. 

25.5 Mechanisms of diabetes in HIV infected 
individuals

HIV viral infection, through various inflammatory mediators and 
cytokines, can induce a state of insulin resistance. Most cases of 
HIV-associated diabetes are type 2 diabetes. Auto-immune ß cell 
destruction has also been described. 

Co–infection with hepatitis C (HCV) has been shown to cause 
dysglycaemia by increasing intrahepatic tumour necrosis factor 
and causing hepatic steatosis. Hepatitis C positive patients 
above the age of 40 years are three times more likely to develop 
DM than those without. 

Return to health phenomenon: as a patient’s general health 
improves, there is a rapid increase of body fat (visceral fat) 
instead of lean muscle mass that they would have lost during 
the catabolic phase of the disease. This can overwhelm the β cell 
secretory capacity leading to β cell failure.

Drugs (iatrogenic)

NRTI’s: These drugs can cause mitochondrial toxicity with 
subsequent lipoatrophy and therefore reduced uptake of 
triglyceride and glucose in affected tissues. Stavudine has the 
highest onset of diabetes relative risk per year of exposure 
followed by zidovudine and didanosine. This class may also 
cause pancreatitis. 

NNRTI’s: Have not directly been implicated in the pathogenesis of 
diabetes. They might however induce dyslipidaemia in the form 
of raised triglycerides.

Protease Inhibitors: Are the biggest diabetogenic culprits, 
inducing hyperglycaemia by different mechanisms which 
include but are not limited to:

1. Reducing insulin production by between 25-50% by the  
β cells.

2. Impairing GLUT-4 translocation to the surface of the cell 
membrane and therefore preventing entry of glucose into 
cells.

3. Inhibiting PPARy receptors and therefore preventing 
adipocyte differentiation with resultant release of free fatty 
acids.

4. Inducing lipodystrophy – the exact mechanism of 
lipodystrophy remains unknown with some theories 
implicating mitochondrial dysfunction with increased fat 
cell apoptosis, and others suggesting inhibition of SREBP–I 
activation of RXR-PPARy heterodimers in adipocytes. Clearly 
not one mechanism can explain its pathogenesis.

25.6 Screening 
1. All HIV positive patients with traditional diabetes risk factors 

should be screened as in non-HIV positive patients.

2. HIV positive patients should be screened before initiating 
HAART or when changing ARV’s.

3. Every 3-6 months for patients with impaired glucose 
tolerance (IGT) or impaired fasting glucose (IFG).

4. Annually if initial glucose levels were normal at the initial 
screen.

5. Fasting plasma glucose is preferred but standard 75 g OGTT is 
preferred in those with IGT or IFG with additional risk factors 

25.7 Diagnosis of diabetes in HIV   

The same diagnostic criteria apply as in non-HIV positive patients. 
Caution is advised when using HbA1C for diagnosis as it might 
be affected by multiple variables which include drugs (AZT), 
presence of anaemia, and opportunistic infections involving the 
bone marrow. Most authorities do not recommend the use of 
HbA1C for diagnosis in people with HIV infection but it remains 
the gold standard for monitoring. The target for HbA1C should be 
individualised based on the patient’s general condition.

25.8 Evaluation of a patient 

Initial evaluation of a patient with both HIV and diabetes mellitus 
includes a detailed history which amongst others includes 
a detailed search for infections which are common in both 
conditions and that includes search for tuberculosis, fungaemia, 
sexually transmitted infections, urinary tract infections and 
presence of hypertension, renal impairment and any form of 
dyslipidaemia, as these need to be aggressively managed and 
will also influence the choice of anti HIV drugs. 

Initial investigations should include:

1. Full blood count

2. Urea and creatinine with estimated GFR

3. Liver function with hepatitis screen 

4. CD4 count 

5. Viral load 

6. HbA1C 
7. Serum lipids
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Depending on the initial examination, the treating practitioner 
will decide on the need for further investigations, such as 
chest radiograph, blood or urine cultures, or any other imaging 
techniques.

25.9 Monitoring of diabetes control in patients with 
HIV infection

Glycaemic control in patients with both diabetes and HIV 
infection is no different from non-HIV infected patients; however, 
caution is needed in the interpretation of HbA1C as a number of 
HIV-specific factors may influence this value (See Chapter 3 and 
Appendix 3).

25.10 Treatment of diabetes in HIV infected 
individuals

25.10.1 General measures 
1. Appropriate treatment of opportunistic infections.

2. Lifestyle modification, which includes physical exercise, 
smoking and alcohol cessation and where available, dietary 
advice, taking account of BMI, desired weight and co-
morbidities. 

3. Psychosocial support and both family and community 
involvement where feasible. 

4. Reinforce compliance at every visit.

5. Treatment of other cardiovascular risk factors: 

a. Dyslipidaemia – general measures and targets apply; the 
only major exception is that simvastatin is contraindicated 
in patients using protease Inhibitors as it competes for 
the same Cytochrome P450 Isoenzyme. Fluvastatin and 
pravastatin are safer.

b. Hypertension – ACE Inhibitors and ARB’s (Angiotensin 
Receptor Blockers) need to be used with caution: 
captopril has been associated with the development 
of Kaposi’s sarcoma and enalapril may cause myalgias 
and diarrhoea. In addition, ARB’s may compete with 
other drugs that are metabolised by cytochrome P450 
Isoenzymes.

25.10.2 Glucose lowering drugs
a. Insulin sensitizers: Pioglitazone

Thiazolidinedione’s (TZDs) –Pioglitazone has a mechanism of 
action that is favourable in patients with HIV and diabetes. 
Pioglitazone may be a drug of choice in patients with 
lipoatrophy as it has been showed to cause fat redistribution 
from abdominal fat to subcutaneous fat in lipoatrophic areas. 
Pioglitazone should not be used with tenofovir as the risk of 
osteoporotic fractures increases.

b. Biguanides

Metformin still remains the drug of choice for most patients 
with HIV. It should, however, be used with caution in patients 
with HIV associated enteropathy as the gastrointestinal side 
effects of metformin will be exaggerated. It is contraindicated 
in patients with HIV associated nephropathy (HIVAN), liver 
disease, cachectic patients and tuberculosis as the risk of 
lactic acidosis is markedly increased. It should not be used 

in conjunction with thymidine-based NRTI’s (Stavudine, 
didanosine) as the risk of lactic acidosis is increased due to 
mitochondrial toxicity. Extended release metformin is the 
preferred formulation of the drug

c. Insulin secretagogues 

Sulphonylureas 

The general principles apply as in non-HIV patients, but, 
caution has to be exercised in patients with cachexia who 
might have depleted glycogen stores and who are at increased 
risk of hypoglycaemia. Where possible, modified release 
formulations should be used. 

Glinides

Because of their short acting profile and lower risk of 
hypoglycaemia, they are suitable drugs but are not commonly 
used in South Africa. 

d. Incretins

There is currently no data available regarding the newer classes 
of drugs in HIV patients with diabetes, including DPP-4 inhibitors 
and incretin receptor analogues.

e. Insulin

Insulin remains the drug of choice for most patients with HIV 
and diabetes and ultimately most, if not all patients, will require 
insulin because of the progressive nature of the disease. Insulin 
has anabolic effects, reduces inflammatory markers, has no 
interactions with antiretroviral drugs and can  be used safely 
in patients with renal failure (with proper titration).  

Refer to general guidelines on insulin initiation and titration. 
It is important to note that insulin requirements might initially 
be high and will later fall as glucotoxicity is reversed and 
infections are controlled. 

25.10.3 Changing HAART

A patient who develops diabetes while on HAART with drugs 
that are potentially diabetogenic especially the protease 
inhibitors should be changed to anti-retroviral agents that are 
metabolically neutral (see Table I).

Author: Duma Khutsoane
Editors: Fraser J Pirie and Aslam Amod
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26.1 Introduction

Fasting during the holy month of Ramadan constitutes one 
of the five fundamental pillars of Islam. Muslims abstain from 
food and drink from dawn (suhur) to dusk (iftaar). Despite ill 
individuals being exempted from this obligation, many Muslims 
with diabetes mellitus will still wish to fast. Individuals with 
diabetes that fast are at risk for hypoglycaemia, hyperglycaemia 
and dehydration. It is increasingly important that healthcare 
professionals (HCP) are aware of potential risks associated 
with fasting in Ramadan, and adopt the necessary approach to 
mitigate those risks.

This section outlines defining criteria for diabetic subjects who 
may safely fast during Ramadan, emphasises the importance 
of planning and education before Ramadan, and provides 
guidelines on dietary advice and adjustments that need to be 
made at a therapeutic level to minimise the risks associated with 
fasting during Ramadan.

The terms suhur and iftaar are used throughout this guideline. 
Suhur refers to the pre-dawn meal at the start of the day’s fast 
and will be referred to as “pre-dawn meal” or “morning meal”. 
Iftaar refers to the meal at sunset and marks the end of the day’s 
fast; it will be referred to as “sunset meal” or “evening meal”. 

Individuals observing the fast are prohibited, inter-alia, from 
smoking and consuming any food or liquid orally. 

26.2 Ramadan and fasting 

“O you who believe! Fasting is prescribed to you as it was prescribed 
to those before you so that you may attain self restraint”.1

“Whoever witnesses the month (of Ramadan) then he/she should 
fast.  But, if any of you is ill or travelling – then he or she is exempted 
from fasting”.2

Fasting in the month of Ramadan is one of the five pillars of Islam. 
It is incumbent on every Muslim upon attaining puberty and 
thereafter to fast during this month. However, certain categories 
of individuals are exempted from fasting e.g. an ill person, a 
traveller or a pregnant or lactating woman.1 Missed fasting days 
need to be made up once an individual  regains sound health.

26.2.1 Fasting exemptions

The month of Ramadan involves greater expression of devotion 
in addition to fasting in order to achieve nearness to and seek 
the pleasure of God, with the result that many Muslims who are 
exempt from fasting because of diseases such as diabetes are 
reluctant to take advantage of this concession. 

SEMDSA 2017 Recommendations

Fasting during the month of Ramadan may pose a health risk to some patients with diabetes. The healthcare 
professional should assess this risk according to the risk categories defined by medical experts and Islamic jurists, 
that serve as a guidance as to who could or should not fast.

C

For those patients who intend to fast despite medical advice to the contrary, the role of the healthcare professional is 
to advise the patient on how to fast as safely as possible.

C

A pre-Ramadan medical assessment is essential to assess overall wellbeing, define co-morbidities, provide Ramadan-
focussed education on meal planning, adjustments to medication, planning of exercise and monitoring of blood 
glucose.

C

Always enquire about the patient’s previous challenges and successes during Ramadan to guide treatment decisions. C

Patients must be educated that fingerprick self-monitoring of glucose does not invalidate the fast. C

Patients must be educated to break their fast if they have any confirmed or suspected hypoglycaemia irrespective of 
the time of day.

C

DPP-4 inhibitors are preferred to sulphonylureas as they have a lower potential to cause hypoglycaemia, although 
both may be used during Ramadan.

B

GLP 1 analogues may be safely used provided they are started one to two months prior to Ramadan. B

Insulin doses, timing and regimens need to be modified during Ramadan. C

Patients must be educated about self-titration and adjustment of insulin during fasting to enable individuals to fast 
safely during Ramadan.

C
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Islamic scholars and medical experts have made 
recommendations for “diabetes and fasting of Ramadan”,3 which 
may help individuals with diabetes make an informed decision. 
Patients with diabetes are classified into 3 categories: - very high 
risk, high risk and moderate to low risk (Table I).

26.3 Pre-Ramadan assessment

Assessments for risk stratification and a focussed education plan 
for all Muslim patients with diabetes should occur six to eight 
weeks prior to Ramadan. Based on the evaluation, the HCP should 
advise on fasting. Patients can be reassured that these stratified 
risk recommendations have been endorsed by religious leaders 
and scholars. Those in the exempt category who insist on fasting 
should be reminded of the Quranic injunction: “Let not your own 
hands throw you into destruction”.4

For fasting individuals, it is essential for the HCP to assist with 
an individualised management plan, focusing on symptoms 
of hypoglycaemia or hyperglycaemia, importance of self-

monitoring of blood glucose (SMBG), Ramadan nutrition, 
modification of therapy and management of comorbidities. It 
should be emphasised that blood glucose monitoring via pinprick 
does not break the fast. For those individuals who are not fasting, 
the HCP should still provide education on appropriate Ramadan 
nutrition as dietary habits often change during the month.

26.3.1 Ramadan Nutrition Plan 
Meals must be planned to avoid hypoglycaemia, dehydration 
and postprandial hyperglycaemia. Dietary plans should be 
developed based on individual metabolic, nutritional and 
lifestyle requirements. A balanced diet which differs little from 
the normal everyday diet is advised, limiting foods usually high 
in sugar and fat i.e. the fast should not be followed by feasting 
but rather by several smaller meals during the period between 
iftaar (evening) and suhur (morning). The pre-dawn meal should 
never be missed. The daily calorie allowance can be split over 
two to three smaller meals during the non-fasting interval. Dates, 
the traditional food used to break the fast, are high in sugar and 

Table I: Pre-Ramadan Assessment and Risk Stratification

Risk category
Religious opinion Patient characteristics Comments

Category 1: very high risk
Listen to medical advice 
MUST NOT fast

One or more of the following:
• Severe hypoglycaemia within the three months prior to 

Ramadan
• DKA within the three months prior to Ramadan
• Hyperosmolar hyperglycaemic coma within the three 

months prior to Ramadan
• History of recurrent hypoglycaemia
• History of hypoglycaemia unawareness
• Poorly controlled T1DM
• Acute illness
• Pregnancy in pre-existing diabetes, or GDM treated with 

insulin or SUs
• Chronic dialysis or CKD stage 4 & 5
• Advanced macrovascular complications
• Old age with ill health

If patients insist on fasting then they should:
• Receive structured education
• Be followed by a qualified diabetes team
• Check their blood glucose regularly (SMBG)
• Adjust medication dose as per 

recommendations
• Be prepared to break the fast in case of hypo- 

or hyperglycaemia
• Be prepared to stop the fast in case of frequent 

hypo- or hyperglycaemia or worsening of 
other related medical conditions

Category 2: high risk
Listen to medical advice 
SHOULD NOT fast

One or more of the following:
• T2DM with sustained poor glycaemic control*
• Well-controlled T1DM
• Well-controlled T2DM on MDI or mixed insulin
• Pregnant T2DM or GDM controlled by diet only or 

metformin
• CKD stage 3
• Stable macrovascular complications
• Patients with comorbid conditions that present additional 

factors
• People with diabetes performing intense physical labour
• Treatment with drugs that my affect cognitive function

If patients insist on fasting then they should:
• Receive structured education
• Be followed by a qualified diabetes team
• Check their blood glucose regularly (SMBG)
• Adjust medication dose as per 

recommendations
• Be prepared to break the fast in case of hypo- 

or hyperglycaemia
• Be prepared to stop the fast in case of frequent 

hypo- or hyperglycaemia or worsening of 
other related medical conditions

Category 3: moderate/ 
low risk
Listen to medical advice 
Decision to use licence not 
to fast based on discretion of 
medical opinion and ability of 
the individual to tolerate fast

Well-controlled T2DM treated with one or more of the 
following:
• Lifestyle therapy
• Metformin
• Acarbose
• Thiazolidinediones
• Second-generation SUs
• Incretin-based therapy
• SGLT2 inhibitors
• Basal insulin

Patients who fast should:
• Receive structured education
• Check their blood glucose regularly (SMBG)
• Adjust medication dose 

as per recommendations

*Level of glycaemic control to be agreed between physician and patient, according to multiple factors  
CKD, chronic kidney disease; DKA, diabetic ketoacidosis; GDM, gestational diabetes mellitus; MDI, multiple dose insulin; SMBG, self-monitoring of blood glucose; SU; 
sulphonylurea; T1DM, type 1 diabetes; T2DM, type 2 diabetes
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only two or three should be consumed. Adequate water and low-
calorie drinks should be consumed in the non-fasting period to 
reduce risk of dehydration, and caffeine-containing beverages 
should be limited or avoided. 

Dietary macronurient composition must be individualised 
with a nutritional approach that limits energy from fat (< 30%) 
and saturated fat (<10%), increases fibre (>15g/1000 kcal) 
and promotes whole grain, unrefined carbohydrates instead 
of refined carbohydrates. Simple carbohydrate consumption 
should be limited to small quantities at iftaar (sunset meal), 
if at all. Country-specific meal plans have been developed for 
different regions based on the caloric requirements and specific 
habits of a region. Appendix 26 provides country-specific meal 
plans appropriate for South Africa.

26.4 Monitoring of blood glucose 

SMBG is important to enable safe fasting as both hyperglycaemia 
and hypoglycaemia are risks associated with fasting. It must be 
emphasised that finger prick glucose testing does not invalidate 
the fast. The low risk patient may test his glucose once or twice 
daily either at iftaar or midday. The high risk patient is usually on 
insulin and it is recommended that glucose levels are monitored 
prior to suhur and iftaar as well as mid-morning and mid-
afternoon. In addition, testing is done whenever hypoglycaemia 
is suspected. A two (2) hour post iftaar test may be useful to 
detect hyperglycaemia. Patients must receive an adequate 
supply of test-strips before and during Ramadan.

26.5 Non-insulin therapies 

There is a paucity of well designed, randomised controlled trials 
assessing the efficacy, tolerability and safety of the various 
oral glucose lowering drugs (GLDs) when used in Ramadan. 
The emergence of DPP 4 inhibitors has led to several studies 
assessing the role of these agents during the Ramadan fast, 
especially comparing them to sulphonylureas.

26.5.1 Metformin 

Metformin is the preferred agent for managing patients with 
type 2 diabetes mellitus. Metformin carries a very low risk of 
hypoglycaemia4, making it an attractive option for individuals 
who fast. There are no RCTs looking specifically at the safety 
and efficacy of metformin as monotherapy during Ramadan. 
However, most trials of other GLDs have used metformin 
as background medication, and no safety issues have been 
identified.

As metformin appears to be safe, dose modification is probably 
unnecessary. Some suggestions, if individuals choose to make 
dose adjustments, include dividing the total daily dose as 
follows: -

• Two thirds at iftaar (evening meal), one third at suhur (morning 
meal).

• Once daily metformin extended-release should be taken at 
iftaar (evening meal) rather than at suhur.

26.5.2 Acarbose

No data are available for the use of acarbose as monotherapy 
in prolonged fasting, although one study comparing it to 
vildagliptin as monotherapy showed similar glycaemic reduction 
but poorer tolerability.6 Dose adjustment is not required.

26.5.3 Oral short acting insulin secretagogues 
(meglitinides)

Studies comparing use of these agents with sulphonylureas 
showed either no difference7 or improved8 glycaemic control, 
and no difference9 or lower risk7,10 of hypoglycaemia. The glinides 
(eg. repaglinide) are short acting but are more expensive and, 
like sulphonylureas, are associated with weight gain. They can be 
taken twice daily with meals.

26.5.4 Thiazolidinediones

A study comparing pioglitazone use to placebo in Ramadan 
showed improved glycaemic control, significantly greater weight 
gain and no increase in hypoglycaemia.9 No adjustments of 
thiazolidinedione dose is necessary, but consider administering 
the drug at iftaar (evening). Peak onset of action is 10-12 weeks 
so therapy should be initiated in advance.

26.5.5 Sulphonylureas

Sulphonylureas vary in their propensity to cause hypoglycaemia, 
with much lower rates seen with some second generation agents. 
The use of gliclazide is associated with comparably lower rates 
of hypoglycaemia, although the modified release preparation 
has been less well studied in Ramadan. Switching a once daily 
dose of glimepiride or gliclazide to iftaar (evening) as opposed 
to suhur (morning) showed no change in glycaemic control11,12 
or weight,12 and either no change11 or fewer12 hypoglycaemic 
episodes compared to pre-Ramadan. Comparison of a DPP-4 
inhibitor sitagliptin to sulphonylurea use in Ramadan showed 
more hypoglycaemia with sulphonylureas in general but similar 
rates with gliclazide.13 A meta-analysis of three randomised 
controlled trials comparing gliclazide to DPP-4 inhibitors 
showed no statistical difference in the rates of symptomatic 
hypoglycaemia.14

Consider the following dose adjustments:

• If taking a single daily dose, consider a switch to iftaar 
(evening).

•  If taking the drug twice daily, reduce the morning dose by 
50%. eg. change a twice daily dose of gliclazide 80 mg to 40 mg 
at suhur (morning) and 80 mg after Iftaar (evening). If taking a 
higher dose in the morning, take the morning dose at iftaar 
(evening) and take half the evening dose at suhur (morning).

Gliclazide modified-release is the sulphonylurea of choice 
because of its consistently better safety profile (Refer to  
Chapter 9). Glibenclamide must not be used. 

26.5.6 DPP-4 inhibitors

A meta-analysis of DPP-4 inhibitor use compared to 
sulphonylureas as a group showed similar glycaemic efficacy 
but lower rates of hypoglycaemia in Ramadan.15 Studies 
using vildagliptin compared to gliclazide show comparable 



Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)S122

The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S122

glycaemic efficacy,16,17 no difference in weight17,18 and less 
hypoglycaemia16,17,18 which was not always significant. DPP-
4 inhibitors are an alternative to sulphonylureas if the risk of 
hypoglycaemia is high.

If appropriate, consider switching to this class prior to Ramadan.

• No dosage adjustments are necessary but if taking a once 
daily dose, switch to iftaar (evening).

26.5.7 SGLT 2 Inhibitors 

There is little data available for use of these drugs in Ramadan. 
These agents are associated with a low risk of hypoglycaemia 
when used as monotherapy in non-fasting individuals. Concerns 
have been raised about ketoacidosis, and it is important to 
recognise the potential risk for dehydration, particularly in the 
elderly, with concomitant diuretic use and also with prolonged 
fasting in warm or humid climates.

• Consider switching daily dose to iftaar (evening).

26.5.8 Glucagon–like peptide-1 agonists

A glucagon-like peptide-1 (GLP-1) agonist can be used safely 
during Ramadan in combination with metformin19,20 as well as 
with sulphonylureas and insulin.21 Although there are no studies 
with exenatide, liraglutide has been safely used in Ramadan with 
stable glycaemic control, weight loss and a trend to lower rates 
of hypoglycaemia when compared to sulphonylureas.1,2 The 
GLP-1 agonist can be administered at the usual dose and at the 
usual time although dosing at iftaar (evening) may be preferable. 
Patients wishing to fast and requiring the addition of a GLP-1 
agonist should be initiated on the drug at least four to six weeks 
prior to Ramadan to allow dose titration and management of 
side effects (nausea) before they start fasting. 

26.6 Insulin therapy

26.6.1 Common regimens

Many patients with type 2 diabetes require insulin to control 
their diabetes and a variety of insulin regimens are used. These 
include intermediate or long acting basal insulin only (usually 
combined with oral agents); premix insulin; and basal-bolus 
insulin, and these can either be human insulin or analogue insulin 
or a combination. It must be emphasised that the administration 

of insulin via the subcutaneous, intramuscular or intravenous 
route does not break the fast.

While in an ideal setting, overnight intermediate-acting insulin 
should be injected with a rapid-acting insulin before meals,22 this 
is not always easy to implement. Asking patients to change their 
regimen for Ramadan only may lead to errors, non-adherence 
and require additional education that is not readily available 
due to time and resource constraints. The dosing regimen of 
the insulins used prior to Ramadan may therefore be adjusted 
to enable safe fasting. If this is unsuccessful then a new regimen 
may be considered. In addition to modification of the insulin 
regimens, monitoring of blood glucose levels and self-titration 
of insulin doses while fasting need to be emphasised to enable 
safe fasting.

Whilst hypoglycaemia risk may be higher with insulin therapy 
during Ramadan, there is some evidence that insulin analogues, 
if used in preference to human insulin, minimises this risk.23,24 In 
addition insulin analogues are associated with less post-prandial 
hyperglycaemia when compared to human insulin.24 From a 
practical point, since insulin analogues are injected just before 
a meal unlike regular insulin; this property is advantageous 
in that it enables the patient to administer the injection at the 
time of breaking the fast. It is therefore recommended that 
patients wishing to fast be switched to insulin analogues for the 
month of Ramadan if hypoglycaemia, patient convenience and 
postprandial hyperglycaemia are concerns.25 The starting dose of 
analogue insulin should be 20-30% less than the dose of regular 
insulin.25

As with all diabetic therapies the insulin regimen must be 
individualised according to the patient’s needs taking into 
account their education, preference, diet and lifestyle. If a patient 
is well controlled prior to Ramadan it is recommended that the 
total daily dose be decreased by 20-30% at the start of Ramadan 
and titrated according to the algorithm below (Table II). 

The following serves as a guide on how to initiate some of the 
common insulin regimens.

Table II: Initiation of some common insulin regimens

Basal Insulin Consider decreasing dose by 20% in well controlled patients.

Once daily dose Take dose either at Iftaar or bedtime

Twice daily dose Keep full dose at Iftaar. Half dose at Suhur

Low ratio Premix insulin24

Once daily dose Same dose given at Iftaar. Titrate doses as per algorithm. 
If still uncontrolled, change to twice daily premix insulin

Twice daily dose Prescribe the usual morning dose at Iftaar
Half the usual evening dose at Suhur
Titrate doses as per algorithm

Thrice daily dose Omit lunch dose. Adjust other doses as twice daily
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26.6.2 Other insulin regimens

If evening post-prandial hyperglycaemia persists despite 
adequate pre-prandial blood glucose levels, then a premixed 
insulin in a 50:50 ratio of a rapid acting insulin analogue and a 
neutral protaminated insulin analogue may be used for the iftaar 
(evening) meal.26

A regimen with pre-suhur (morning) detemir and iftaar (evening) 
insulin aspart/protamine-crystallised insulin aspart in the ratio 
70/30 has also been shown to control glucose levels with a 
suggestion of less hypoglycaemia.27 However, this will require 
a significant change for most patients and may lead to errors if 
education is inadequate.

When basal bolus insulin is used, the basal dose is adjusted as 
above. The prandial doses are given prior to Iftaar and suhur 
(morning). These doses should be decreased by 20-30% as well 
and then titrated to a two hour post-prandial glucose level 
< 10mmol/L without hypoglycaemia. The lunch time dose is 
omitted.

26.6.3 Insulin Titration during Ramadan

It is advisable to titrate the insulin dose every three to four days.25 

The lowest of the three readings on three consecutive days 
should be used to up titrate the insulin dose.25

Hypoglycaemia is defined as blood glucose level below 3.9 
mmol/L or symptoms of hypoglycaemia. If hypoglycaemia is 
noted at any time of the day (even close to Iftaar) in any patient 
on insulin therapy the fast must be broken and the insulin dose 
down titrated the following day.25

Authors: Hoosen A Randeree, Mohamed AK Omar and Nazeer 
A Mohamed
Editors: Tanya E Kinvig and Aslam Amod
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SEMDSA GUIDELINES

27.1 Introduction

Diabetes is a worldwide pandemic associated with significant 
morbidity and mortality. The global incidence of diabetes is 
projected to increase to 642 million by 2040.1 Early detection 
of those at risk for the development of diabetes and early 
intervention strategies can prevent the progression to 
diabetes and its associated microvascular and macrovascular 
complications. This chapter focuses on diabetes prevention 
in easily defined groups at high risk for progression to type 
2 diabetes i.e those with impaired fasting glucose (IFG) and 

impaired glucose tolerance (IGT), as prospective randomised 
prevention trials have focused almost exclusively on this group. 

27.2 Identifying individuals at increased risk

The risk factors for the development of diabetes are listed 
in Chapter 3 and duplicated here for convenience (Table I). 
Multiple scoring systems exist for predicting risk and to identify 
indvividuals for diabetes screening; however these tend to 
be ethnic specific and not universally applicable.2  There is 
no risk scoring system available for South Africa. IFG and IGT 
are categories of intermediate hyperglycaemia which easily 

SEMDSA 2017 Recommendations  

All persons with multiple risk factors for diabetes should be offered structured education regarding diabetes 
prevention, and be offered a screening test for type 2 diabetes (Chapter 3). 

A

Offer intensive interventions supporting lifestyle changes to prevent/delay the onset of T2DM in high-risk adults 
(those with IFG/IGT). These interventions are cost-effective and should be supported by public health policies and 
3rd party payers.

A

Offer intensive lifestyle interventions as part of a structured programme that is based on proven principles. Use this 
to support the individual with IGT/IFG to:

1.    Achieve and maintain weight loss >5%

2.    Modify dietary patterns focusing on

a.  Reducing energy from fat to ≤30% 

b.  Reducing energy from saturated fat to ≤10% 

c.  Increasing fiber intake ≥15 g/1,000 kcal 

3.    Increase moderate intensity physical activity ≥ 150 minutes per week

Frequent contact and follow-up improves intervention success.

A

Consider metformin for individuals who have deteriorating FPG or 2-h PG after 6 months, and: 

1.    Have participated in an intensive lifestyle intervention programme, or

2.    Have been unable to participate in an intensive lifestyle intervention programme.

Especially those who:

a.  Are less than 60 years old

b.  Have a history of gestational diabetes

c.  Have a BMI > 35 kg/m2 

d.  Have combined IFG and IGT

e.  Have the metabolic syndrome

Continue to support the individual with intensive lifestyle interventions.

A

Monitor IFG/IGT every 6-12 months and intensify lifestyle interventions and the metformin dose if blood glucose 
does not improve. If metformin is ineffective consider an alternative drug (acarbose or orlistat).

B

Persons with IFG/IGT must be screened for other cardiovascular risk factors, including metabolic syndrome  
(Chapter 16). These risk factors must be managed optimally.

A
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and clearly define individuals and populations at high risk for 
progression to diabetes and cardiovascular disease (CVD), and 
therefore represent a group that can and have been targeted 
for prevention strategies. This does not imply that individuals 
without IFG or IGT, who have other risk factors listed in Table I 
are not at risk, and they should also be targeted with lifestyle 
interventions for prevention. The ideal method of identifying 
people at highest risk for diabetes and CVD would be a risk 
assessment tool which uses all the risk factors in Table I and 
includes plasma glucose as a continuous variable rather than a 
categorical one; this has not been developed yet.

27.2.1 Defining categories of increased risk for diabetes

The diagnosis of IFG and IGT have been discussed in Chapter 3. 
In summary plasma glucose as a risk factor for future diabetes 
is a continuous variable, meaning that the higher the plasma 
glucose, even in the so-called normal range, the higher is the 
risk for future diabetes. The cut-points that define IFG (6.1 to  
6.9 mmol/L) and IGT (2-h PG 7.8 to 11.0 mmol/L) are arbitrary cut-
points that define higher risk based on, inter-alia, the feasability 
of public health interventions. In this regard the ADA has chosen 
to define IFG using a lower cut-point (FPG 5.6 to 6.9 mmol/L) for 
intervention. The ADA has also chosen to include HbA1c values 
in the abnormal but non-diabetic range (5.7 to 6.4%) in the 
category of prediabetes, together with IFG and IGT. SEMDSA 
has aligned itself with the WHO position which is to retain the 
FPG cutpoint of 6.0 mmol/L for IFG and to not include HbA1c to 
define intermediate hyperglycaemia. Rather, a FPG or 2-h PG 
measurement is recommended for individuals with HbA1c 5.7 
to 6.4% when intervention is planned. The term prediabetes, 
when used, will refer to the two categories of intermediate 
hyperglycaemia viz. IFG and IGT. The measurement of insulin 
levels plays no role in the assessment of prediabetes in clinical 
practice.

27.2.2 Epidemiology of risk

According to an ADA expert panel the lifetime risk of people 
with IFG or IGT developing diabetes was 70%.2 A meta-analysis of 
prospective studies showed that the annual incidence of diabetes 
in individuals with isolated IFG or IGT was 6-9% and 4-6% per 
year respectively. The incidence in persons with both IFG and 

IGT was significantly higher (15-19%/yr).4 Another meta-analysis 
of prospective studies reported that the rates of progression to 
diabetes (no. per 1000 person-years) for the categories HbA1c 
6.0-6.4%, ADA defined-IFG, WHO defined-IFG, IGT and combined 
IFG+IGT was 35.6, 35.5, 47.4, 45.5 and 70.4 respectively.

In South African Indians with IGT, the annual incidence of diabetes 
was found to be 12.6% per year over four years.5 Women with 
a history of gestational diabetes also have a particularly high 
risk of progressing to diabetes (20-60% over the 5 to 10 years 
after the pregnancy).2 The South African National Health and 
Nutrition Examinations Survey (SANHANES) in 2012 determined 
that the national prevalence of HbA1c values between 6.0 to 
6.4% is 8.9% for the population older than 15 years, representing 
about 5 million individuals at risk for diabetes. In this regard it is 
noteworthy that HbA1c in this range identifies a much smaller 
population with prediabetes than do IFG and IGT.6  

IFG and IGT are also risk factors for CVD. A meta-analysis of 53 
prospective cohort studies with 1 611 339 individuals followed 
over 9 years reported that the relative risk (RR) for composite 
cardiovascular endpoints was ~1.3 for either IFG or IGT. All cause 
mortality was significantly higher for IGT compared to IFG.7 The 
metabolic syndrome (Chapter 16) is an independent risk factor 
for CVD (RR 2.0) so it follows that individuals with IFG/IGT with 
the metabolic syndrome are equally at high risk.8,9

27.3 Clinical trials for the prevention of type 2 diabetes 

A number of well-designed intervention studies using lifestyle 
(diet and exercise) or drug therapy have been conducted. Trials 
that implemented lifestyle modification only such as the 
Finnish Diabetes Prevention Study (DPS) and the Chinese Da 
Qing Study have both conclusively shown that the development 
of type 2 diabetes in people with pre-diabetes can be prevented 
by making changes in the diet to promote moderate weight loss, 
and by increasing their level of physical activity.10,11 

The Finnish DPS established a precedent for effectively altering 
lifestyle in patients with a high risk for diabetes. It studied 522 
subjects with IGT using the 1999 WHO criteria (FPG < 7.8 mmol/l; 
2 hrs post glucose load 7.8-11.1 mmol/l). The intensive lifestyle 
modification group showed a 58% relative risk reduction in the 
progression to diabetes as compared to controls, and continued 
effects were seen as a result of lifestyle change.10

In the Da Qing study, 577 Chinese subjects with IGT were 
randomised for 6 years either to a control group, dietary 
intervention, exercise, or a combination of diet and exercise, 
and followed over 6 years. Compared with control participants, 
those in the combined lifestyle intervention groups had a 51% 
lower incidence of diabetes (HR 0.49; 95% CI 0.33-0.73) during 
the active intervention period and a 43% lower incidence (HR 
0.57; 0.41-0.81) over a 20 year period.11,12 After 23 years of follow-
up they were able to show that mortality in this group with IGT 
was related to progression to diabetes; delaying the diagnosis 
of diabetes was associated with lower mortality.13 Thus, a 6-year 
lifestyle intervention showed the long-term clinical benefits for 
patients with IGT and provides further justification for adoption 
of lifestyle interventions. 

Table I: Risk factors for type 2 diabetes3

Age >45 years

All adults at any age who are overweight (BMI> 25 kg/m2 or  
> 23 kg/m2 in Asians), plus one or more additional risk factors:
• Previous IFG or IGT
• Physical inactivity
• High-risk race/ethnicity (Asian and Coloured)
• First degree relative with diabetes
• History of cardiovascular disease
• Hypertension [Blood pressure (BP) ≥ 140/90 mmHg] or treatment 

for hypertension
• Dyslipidaemia (low HDL and/or high triglycerides)
• Polycystic ovarian syndrome
• History of gestational diabetes or having delivered a baby > 4 kg
• Other conditions associated with insulin resistance (e.g. severe 

obesity, acanthosis nigricans)

An OGTT is preferred in high risk individuals as it is a more sensitive test, and is 
the only method to diagnose IGTwhich is a strong risk factor for CVD.
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Other trials have implemented pharmacological interventions 
and/or lifestyle interventions to delay or prevent the onset of 
diabetes and these include, the U.S-based Diabetes Prevention 
Program (DPP),14 the Troglitazone in Prevention of Diabetes Trial 
(TRIPOD),15–18 Diabetes Reduction Assessment with Ramipril 
and Rosiglitazone Medication (DREAM) trial,19 the STOP-NIDDM 
Trial,20 the Indian Diabetes Prevention Programme (Indian DPP),21 
and the Actos Now for Prevention of Diabetes (ACT Now) trial.22

The US-DPP investigated the efficacy of intensive, behavioural 
lifestyle modification using individualised and group therapy to 
achieve and maintain >7% body weight loss and physical activity 
equivalent to at least 150 min/week of moderate intensity 
exercise.1-4,15 After 2.8 years, lifestyle intervention decreased the 
incidence of type 2 diabetes by 58% compared with 31% in the 
metformin-treated group. The DPP Outcomes Study (DPPOS) 
followed up surviving participants from the DPP; the original 
lifestyle intervention group was offered lifestyle reinforcement 
semi-annually and the metformin group received unmasked 
metformin. During a mean follow-up of 15 years, diabetes 
incidence was reduced by 27% in the lifestyle intervention 
group (<0·0001) and by 18% in the metformin group (p=0·001), 
compared with the placebo group. At year 15, the cumulative 
incidences of diabetes were 55% in the lifestyle group, 56% in 
the metformin group, and 62% in the placebo group. Lifestyle 
intervention or metformin significantly reduced diabetes 
development over 15 years and supports the strategy of diabetes 
prevention.23

The Indian DPP study reported a 28.5% relative risk reduction in 
progression to diabetes with lifestyle intervention and a 26.4% 
reduction with metformin 250 mg twice daily versus controls. 
This dose of metformin when added to lifestyle modification, 
yielded no further benefit for progression to diabetes.21

The TRIPOD (TRoglitazone In the Prevention Of Diabetes) 
study in Hispanic women with GDM showed a reduction of 55% 
after 30 months, which was maintained at 8 months following 
discontinuation of the drug.

The STOP-NIDDM (Study To Prevent Non-Insulin Dependent 
Diabetes Mellitus) showed a 25% relative reduction of developing 
diabetes in those treated with acarbose versus placebo after 
3.3 years. The trial also showed that targeting postprandial 
hyperglycaemia with acarbose was associated with a 49% relative 
risk reduction in the development of cardiovascular events.24 
Acarbose was also associated with a 34% relative risk reduction 
in the incidence of new cases of hypertension.24 However 31% 
of patients in the acarbose arm withdrew due to side-effects 
and the number of CV events was low.20 placebo-controlled 
randomised trial, we randomly allocated patients with impaired 
glucose tolerance to 100 mg acarbose or placebo three times 
daily. The primary endpoint was development of diabetes on the 
basis of a yearly oral glucose tolerance test (OGTT Nevertheless 
the results remain significant. 

The XENDOS (XENical in the prevention of Diabetes in Obese 
Subjects) showed a relative reduction of 37.3% in those treated 
with orlistat and lifestyle modification versus placebo; the best 
reduction was noted in the IGT group where the incidence of 
diabetes was reduced by 45% over 4 years.25

The DREAM (Diabetes Reduction Assessment with ramipril and 
rosiglitazone Medication) showed a reduction of 60% in those 
treated with rosiglitazone (but an increase in oedema and heart 
failure) versus ramipril and placebo after 3 years.19

The ACT NOW (Actos Now for the prevention of diabetes) study 
showed a reduction in the risk of conversion to diabetes of 
72% versus placebo over 2.4 years.22 More recently, in a study 
of people without diabetes but with insulin resistance and 
cerebrovascular disease, pioglitazone halved the progression to 
type 2 diabetes. Concerns with the side effects of pioglitazone 
(more oedema, weight gain and higher fracture rate) compared 
to placebo still remain.22,26 

27.4 The role of lifestyle modification in diabetes 
prevention / delay

Interventions supporting lifestyle changes delay the onset of 
T2DM in high-risk adults and are very effective; the number-
needed-to-treat to prevent one new case of diabetes  is 6.4 over 
1.8–4.6 years.27 The DPP lifestyle intervention has been criticised 
for being too intensive and expensive yet cost analyses show it to 
be very cost-effective.28 In fact translational research examining 
the implmentation of lifestyle intervention programmes in 
the “real-world” setting, using less intensive approaches and 
scaleable models for intervention such as group interventions 
have consistently demonstrated their effeciveness and cost-
effectiveness.29,30

Table II:  Summary of trials for prevention of Type 2 diabetes

STUDY, n, type THERAPY RELATIVE RISK 
REDUCTION

Finnish Diabetes 
Prevention Study 
(FDPS),  n=522, RCT

Diet + Exercise 58%

Da Qing Study,                 
n=577, RCT

Diet
Exercise
Diet + Exercise

31%
46%

42% (51%)

US-Diabetes Prevention 
Program (DPP)                                     
n= 1079, RCT

Diet + Exercise
Metformin 850mg bd

58%
31%

Diabetes Reduction 
Assessment with 
Ramipril and 
Rosiglitazone 
Medication (DREAM), 
n=5269, RCT

Rosiglitazone + Diet 
+ Exercise + Ramipril

60%

Study to Prevent 
Non-Insulin-Dependent 
Diabetes Mellitus 
(STOP- NIDDM) trial,                      
n=1418, RCT

Acarbose 25%

Actos now (ACT NOW) 
for prevention of 
Diabetes Study, n=602, 
RCT

Pioglitazone 81%

Indian DPP, n=531, RCT Diet + Exercise
Metformin 250mg bd
Diet, Exercise + 
Metformin 250mg bd

28.5%                         
26.4%                           
28.2%
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The key components of effective and successful lifestyle 
intervention programmes for the prevention of diabetes have 
included:
1. Weight manangement in overweight and obese individuals 

with the aim of achieving and maintaining a >5% weight 
loss by reducing caloric intake. Lesser degrees of weight 
loss are still beneficial. Data from the U.S. DPP study showed 
that each kilogram of mean weight loss is associated with a 
reduction of ∼16% in future diabetes incidence. Real-world 
data showed mean weight loss of -2.6% over 12 months was 
beneficial.29 

2.  Key dietary changes which are beneficial independent of 
weight loss: 

a. Reduce energy from fat to ≤30% 

b. Reduce energy from saturated fat to ≤10% 

c. Increased fiber intake ≥15 g/1,000 kcal 
3. Increase moderate intensity physical activity (e.g. brisk 

walking) to ≥30 min/day or 150 minutes per week

Success of a lifestyle intervention programme is directly related 
to degree to which the programme is structured and adheres 
to the suggested dietary and exercise guidlines, programme 
intensity (frequency of contact), and the degree of uptake by 
the community.29,30 However, even low intesity programmes that 
lead to only moderate weight loss can still have a considerable 
impact in lowering diabetes risk in a population. From a public 
health perspective, this is an important finding, especially for 
resource constrained settings.31 

The strategies for supporting successful behaviour change 
and the healthy behaviours recommended for people with 
prediabetes are largely identical to those for people with 
diabetes. Given their training and experience, providers of DSME 
and DSMS are particularly well equipped to assist people with 
prediabetes in developing and maintaining behaviours that can 
prevent or delay the onset of diabetes. Evidence from studies 
in low/middle income countries show that structured lifestyle 
education programmes delivered by allied health professionals 
(e.g. nurses, pharmacists) can be as effective as those led by 
clinicians.31 In addition, group delivery of intensive lifestyle 
intervention content in community settings can reduce overall 
programme costs while still producing weight loss and diabetes 
risk reduction.32

27.5 The role of pharmacological therapy in diabetes 
prevention / delay

The exact role of drug therapy in the prevention of diabetes 
remains unclear. Controversial issues include the duration of 
drug therapy and whether drugs alter or reverse the underlying 
disease process and actually prevent progression to diabetes, as 
opposed to delaying or masking it. Data from the studies above 
indicate that benefit from glucose lowering drugs is lost when 
the treatment is stopped, implying that treatment may need 
to be taken indefinitely. The ideal drug for diabetes prevention 
should be safe, effective, inexpensive, demonstrate reversal of 
the underlying pathophysiologic process and improve clinical 
outcomes such as cardiovascular morbidity and mortality.33 Since 

none of the drugs studied thus far can fulfil these criteria, the 
mainstay of therapy still remains intensive lifestyle intervention 
with diet and exercise. Based on the available trials, four (4) of 
the pharmacologic agents can be considered for the prevention 
of type 2 diabetes. These include metformin, acarbose, orlistat 
and pioglitazone. Pioglitazone is available as a generic and is 
relatively inexpensive. However side-effects such as weight 
gain and oedema and its cumulative effect over time on long-
bone fractures limit its use (patients will need to take the drug 
for many years). Acarbose was very effective and reduced CV 
events, but the dropout rate in the STOP-NIDDM trial was very 
high because of the drugs poor GI tolerability. There is also no 
generic formulation and the drug remains expensive. Orlistat has 
the same limitations as acarbose i.e side-effects and cost. 

Metformin has strong evidence to support its use, has a long, 
proven safety profile, is well tolerated and is also the least 
expensive drug option. The evidence from the US-DPP showed 
clearly that intensive lifestyle modification was superior to 
metformin in preventing and delaying the progression to 
diabetes. Also, in the US-DPP there were identifiable subgroups 
with differential responses to metformin:

• Persons older than 60 years did not benefit from metformin.

• Persons with a BMI ≥ 35 kg/m2 had a better response than 
those with a lower BMI.

• In women with a history of gestational diabetes, metformin 
was as effective as intensive lifestyle intervention (50% 
reduction in progression).34

In the Indian-DPP metformin 250 mg BD was as effective as 
lifestyle modification, which was less intensive than in the US-
DPP. 

27.6 Recommendations

All persons with mutiple risk factors for type 2 diabetes 
should receive education about lifestyle modification to 
prevent diabetes. Persons with IFG and/or IGT are at high risk 
for progression to diabetes and CVD, and should be offered 
structured intensive lifestyle interventions programmes with 
the aim of >5% weight loss, dietary modifications and at least 
moderate intensity exercise for >150 minutes per week. IFG/
IGT should be reassesed every 6-12 months and if the trajectory 
towards diabetes does not reverse then pharmacological therapy 
should be considered. 

Pharmacological intervention should be considered for 
subgroups a) who have a very high risk of progression to 
diabetes, or b) are known to derive particular benefit with 
metformin therapy. 

Metformin standard-release should therefore be considered for 
individuals who have deteriorating FPG or 2-h PG who: 

a. Have been participating in an intensive lifestyle 
intervention programme, or 

b. Have not been able to participate in an intensive lifestyle 
intervention programme,
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Especially if he/she:

1. Is < 60 years old

2. Has a history of gestational diabetes

3. Has a BMI > 35 kg/m2 

4. Has both IFG and IGT

5. Has the metabolic syndrome

The dose of standard-release metformin employed in the Indian 
DPP was 500 mg daily while the US-based DPP used 1700 mg  
daily, both in divided doses.14,21 The individual will need to be 
counselled that the drug is being used “off-label”. Acarbose 
and orlistat are alternatives to using metformin but are more 
expensive. Follow the manufacturers directions for use.

Monitor the FPG and/or 2-h PG every 3 to 6 months and increase 
the dose if these are deteriorating. Stop therapy if there is no 
response and consider alternative therapies (acarbose, orlistat).

27.7 The management of obesity for the prevention of 
prediabetes 

Retrospective data analysis from bariatric surgery trials have 
shown a significant reduction in the prevalence of type 2 
diabetes and pre-diabetes among morbidly obese patients 
who have undergone bariatric surgery. However, in view of its 
costs, related morbidity and other long term effects, it cannot 
be recommended for the management of prediabetes alone.35 
High doses of liraglutide have also demonstrated reduction of 
the rates of prediabetes in a weight loss trial of obese subjects.36 
There are no published diabetes prevention trials with GLP-1 
agonists compared to lifestyle intervention.  The role of obesity 
in type 2 diabetes is discussed in Chapter 15.
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28.1 Introduction

For many South Africans, driving is an essential part of daily 
living and is often a requirement of employment. Diabetes can 
affect driving performance because of chronic complications 
that impair sensory or motor functions (retinopathy, neuropathy, 
amputation, vascular disease) and because of transient cognitive 
dysfunction or loss of consciousness resulting from medication-
induced hypoglycaemia. The presence and extent of these 
factors vary from person to person, so the fitness of persons 
with diabetes to drive should be assessed on an individual basis. 
There has been considerable debate whether, and the extent to 
which, diabetes may be a relevant factor in determining driver 
ability and eligibility for a driver’s license. The current evidence 
has recently been reviewed in detail in position statements from 
the American and Canadian Diabetes Associations.1,2

28.2 Effects of diabetes on ability to drive

Diabetes impacts driving performance particularly when 
medication results in hypoglycaemia. There is less evidence that 
hyperglycaemia has major effects on driving. Furthermore, the 

chronic complications of diabetes such as retinopathy, cataracts 
and stroke may affect driving performance, as may associated 
conditions such as sleep apnoea.

Hypoglycaemia may result in transient cognitive dysfunction 
or loss of consciousness which could impair driving ability. 
Experimental laboratory studies and studies using a simulator 
have demonstrated that cognitive functions critical to driving 
(such as attention, reaction times and hand-eye coordination) 
are impaired during hypoglycaemia with driving performance 
adversely affected resulting in inappropriate speeding or 
braking, ignoring road signs and traffic lights and not keeping 
to traffic lanes.3,4

28.2.1 Diabetes and the risk of road traffic accidents

Overall, studies are inconsistent and there is no strong, 
epidemiological data that suggest an increase in traffic accidents 
among people with diabetes. A meta-analysis of 15 studies 
suggested that the relative risk of having a motor vehicle accident 
for people with diabetes i.e., without differentiating those with 
a significant risk from those with little or no risk, as compared 

SEMDSA 2017 Recommendations

Patients must be educated that diabetes can affect driving performance because of chronic complications that 
impair sensory or motor functions and because of transient cognitive dysfunction resulting from medication-induced 
hypoglycaemia.

C

Fitness to drive should be assessed on a case-by-case basis by the treating physician, and should not solely be based 
on a diagnosis of diabetes. 

C

Patients must be educated about risks associated with driving as well as appropriate precautions when driving as 
part of structured diabetes education.

C

Since the most significant factor associated with driving collisions appears to be a recent history of hypoglycaemia, 
drivers who experience a severe hypoglycaemic event (defined as an event requiring outside help, or resulting in loss 
of consciousness or seizure while driving) should ideally not drive until cleared by an appropriate medical practitioner.

C

If a severe hypoglycaemic event occurs, the person should not drive for a minimum period of six weeks thereafter, 
and only once hypoglycaemic awareness is re-established.

C

Health-care professionals should be aware of the medical standards for fitness to hold a driver’s licence. C

People using insulin and/or insulin secretagogues must be counselled about the precautions to take for 
hypoglycaemia. 

C

People with diabetes who are medically unfit to drive should be informed of their legal obligation, under the National 
Road Traffic Act, 93 of 1996, to inform the local Licensing Department of such. A family member of the patient should 
also be advised of this obligation.

C

Consider using glucose-lowering drugs with the lowest risk of hypoglycaemia in people who operate public transport 
and heavy-duty vehicles.

C

Visual acuity must be tested annually. A
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with the general population ranges between 1.12 and 1.19, a  
12–19% increased risk.5 Society tolerates much higher relative 
risks associated with a variety of other situations such as 
those with sleep apnoea, the very young driver, and drivers 
with attention deficit/hyperactivity disorder. It would thus be 
unjustified to restrict driving privileges of an entire class of 
individuals, such as drivers with diabetes.

Drivers managing their diabetes with insulin are the most 
significant subgroup of persons with diabetes, for whom a 
greater degree of restrictions is often applied across the rest of 
the world. Yet, when diabetes is controlled, insulin therapy per 
se has not been found to be associated with increased driving 
risk. The single most significant factor associated with driving 
collisions appears to be a recent history of hypoglycaemia.6,7

28.3 Current legislation in South Africa

28.3.1 Road user

All drivers who travel on public roads are subject to the 
requirements of the National Road Traffic Act, 93 of 1996 (RTA) 
in terms of ensuring their fitness to drive any vehicle (Sections 
15 and 16), and in the event of an incident, to the consequences 
in terms of the offences and penalties contained in the Act. The 
current legislation in the RTA on Fitness to Drive states that a 
person shall be disqualified from obtaining or holding a learner’s 
and driver’s license “if he or she is suffering from uncontrolled 
diabetes mellitus.” This is, however, not defined further, nor is 
any mention made of the risks of therapy. Additionally, “sudden 
attacks of disabling giddiness or fainting” and “defective vision” 
could be relevant exclusion conditions for a patient with diabetes.

The Act currently puts the burden of proof on the individual, 
either during the application process or who should “within 
a period of 21 days after having so become aware of the 
disqualification submit the license to the MEC of the Province.” 
There is currently no legal requirement for a health care worker 
to report patients deemed unfit to drive.

Unlike in many other countries in Europe and America, there 
is currently no separate legislation for drivers of commercial 
vehicles. Since commercial vehicle drivers drive for longer 
periods, at faster speeds, and on the highways more than average 
private drivers, and since commercial vehicles are larger and 

more lethal than private motor vehicles, or may be involved in 
public transportation, e.g. buses and mini-bus taxis, the potential 
for severe and disastrous traffic accidents is clearly of additional 
concern.

28.3.2 Employer Role

In South African Occupational Health and Safety Legislation 
there is a dual employee and employer responsibility. The Labour 
Relations and Employment Equity Acts guide stakeholders and 
decision makers in a fair and legal framework of “fitness to drive”. 
The employer is, in terms of the RTA, required to categorise all 
drivers according to the relative risks involved specific to their 
industry and according to the requirements for the issuing of 
the Professional Driving Permit. The employer must ensure that 
drivers undergo the necessary health evaluations as and when 
required. This must take place at the employer’s expense. The 
employer must provide the examining health professional with 
the necessary information on the driver’s category, special skills 
required and any known risk factors.

28.4 Recommendations for the South African 
situation

28.4.1 General

The fitness to drive should be assessed on a case-by-case basis 
by the treating physician, and should not solely be based on 
a diagnosis of diabetes, but rather on unequivocal evidence 
of actual risk (Figure I). Health care professionals should be 
knowledgeable and regularly discuss ways to reduce the risks 
of driving with their diabetic patients. Persons with diabetes 
should take an active role in assessing their ability to drive 
and in obtaining information about recognition, treatment 
and avoidance of hypoglycaemia. Healthcare funders should 
recognise the recommendations for blood glucose monitoring 
in persons with diabetes who drive and provide adequate blood 
glucose test strips to cover additional testing before and during 
driving.

28.4.2 Private vehicles

Persons with diabetes should have no restrictions to drive 
personal vehicles in general, irrespective of treatment regimen 
or diabetes type, but ideally require regular medical supervision 
and assessment (minimum two clinic visits per year). Physicians 
should look out for the high-risk patient and offer targeted 
education and advice. Patients who have experienced severe 

Figure I: Medical standards for licensing1,2

• There is no recent history (generally at least 6 weeks) of a “severe hypoglycaemic event” (requiring assistance from another person).

• The driver experiences early warning symptoms (awareness) of hypoglycaemia. 

• The driver must demonstrate an understanding of the risks of hypoglycaemia and is following a treatment regimen that minimises the risk of 
hypoglycaemia.

• There are no other potentially dangerous complications or comorbidities associated with diabetes, such as:

• Sight threatening retinopathy or cataracts (a complete eye examination by ophthalmologist or optometrist is mandatory)

• Obstructive sleep apnoea

• Unstable coronary artery disease or arrhythmias

• Transient ischaemic attacks

• Significant neurological deficits (e.g. cerebrovascular disease, peripheral or autonomic neuropathy).
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hypoglycaemic events or hypoglycaemic unawareness should 
consult with their health care providers to determine whether it 
is safe to drive and to implement interventions to avoid further 
episodes.

28.4.3 Commercial vehicles

Although South African law does not offer specific guidance, 
it would seem reasonable for physicians to give strong advice 
here. There should be clear guidance for conducting the annual 
assessment and specific criteria for holding a commercial license.

Candidates with diabetes who apply for commercial licenses 
should have an initial full medical assessment, as well as annual 
reassessment by a specialist physician, endocrinologist or family 
physician trained in diabetes management, including review 
of medical records and glucometer recordings of the previous  
24 months. 

In the interest of patient and public safety, it may be wise to 
consider using glucose-lowering drugs with the lowest risk of 
hypoglycaemia in people who operate public transport and 
heavy-duty vehicles.

28.5. Clinical Assessment 

Clinical assessment should focus on identifying potentially 
at-risk drivers, with history focused on whether the driver has, 
within the past 12 months, experienced a severe hypoglycaemic 
event, has hypoglycaemic unawareness, or has comorbidities 
and complications of diabetes that may interfere with driving.8,9

28.5.1 Hypoglycaemia

Drivers who experience a “severe hypoglycaemic event” (defined 
as an event requiring external assistance, or resulting in loss of 
consciousness or seizure) while driving, should ideally not drive 
until cleared by a medical practitioner.   

Assessment should focus on establishing the cause and future 
risks of hypoglycaemia. Patient education (Figure II) is imperative 
and medication changes may be required. Factors resulting 
in hypoglycaemia include amongst others non-adherence or 
alteration to medication, unexpected exertion, alcohol intake, 
or irregular meals. Meal regularity and variability in medication 
administration may be important considerations for long-
distance commercial driving or for drivers operating in shifts. 
Excessively tight control may contribute to hypoglycaemia.

28.5.2 Non-driving period after a ‘severe hypoglycaemic 
event’

If a severe hypoglycaemic event occurs, the person should not 
drive for a minimum period of six weeks thereafter. It takes 
many weeks for patterns of glucose control and behaviour to 
be re-established and for any temporary ‘reduced awareness 
of hypoglycaemia’ to resolve. The non-driving period should be 
individualised and will depend on factors such as identifying the 
reason for the episode, and the type of driving. Recommendation 
for return to driving should be based on patient behaviour and 
objective measures of glycaemic control (documented blood 
glucose) over a reasonable time interval. 

28.5.3 Reduced awareness of hypoglycaemia

Reduced awareness of hypoglycaemia markedly increases 
the risk of a severe hypoglycaemic event and is therefore a 
risk for road safety. It may be screened for using the Clarke 
questionnaire10 which is particularly useful for people with 
insulin-treated diabetes of longer duration (more than 10 years), 
or following a severe hypoglycaemic event or after a crash.

Any driver who has a persistent reduced awareness of 
hypoglycaemia is not fit to drive unless their ability to experience 
early warning symptoms returns or they have an effective 
management strategy for lack of early warning symptoms.

28.5.4 Acute hyperglycaemia

While acute hyperglycaemia may affect some aspects of brain 
function, there is insufficient evidence to determine regular 
effects on driving performance and related crash risk. Each 
person with diabetes should be counselled about management 
of their diabetes during days when they are unwell and should be 
advised not to drive if they are acutely unwell with metabolically 
unstable diabetes.

28.5.5 Comorbidities and end-organ complications

Assessment and management of comorbidities is an important 
aspect of managing people with diabetes with respect to their 
fitness to drive. This should be part of routine review as per 
recommended practice and may include but is not limited 
to vision, neuropathy and foot care, neurological conditions, 
musculoskeletal conditions, sleep apnoea and cardiovascular 
conditions.

Figure II: Precautionary steps for drivers regarding hypoglycaemia  

• Always carry your glucose meter and blood glucose strips with you.

• Ensure that you have a glucose containing snack that is easily accessible in your vehicle.

• Check your blood glucose no more than one hour before the start of the journey and every two hours during the journey, as reasonably practical.

• Do not drive if blood glucose is at or less than 5 mmol/L.

• Do not drive for more than two hours without considering having a snack. Do not drink alcohol before or while driving.

• Do not delay or miss a main meal.

• Carry adequate glucose in the vehicle for self-treatment.

• If experiencing hypoglycaemia, pull to the side of the road, turn off the engine and remove the keys from the ignition if safe to do so.

• Check the blood glucose levels 15 minutes or more after the hypoglycaemia has been treated and ensuring it is above 5 mmol/L.

• Do not drive until feeling well and until at least 30 minutes after the blood glucose is above 5 mmol/L.

• Carry personal identification to indicate you have diabetes.
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Refer to Appendix 29 for an overview of the approach to male 
sexual dysfunction.

29.1 Erectile Dysfunction

29.1.1 Epidemiology

Erectile dysfunction (ED), defined as the inability to sustain 
adequate penile erection for satisfactory sexual activity, is 
common in adult men with T2DM (50 to 75%)1 and negatively 
impacts quality of life.2,3 ED has also been described in up to 1/3 
of newly diagnosed men with diabetes.4 Additional risk factors 
for ED include diabetes duration, increasing age, poor glycaemic 
control, cigarette smoking, hypertension, dyslipidemia, 
androgen deficiency states and cardiovascular disease (CVD). ED 
occurs 10–15 years earlier in men with diabetes, is more severe 
and less responsive to oral drugs.3 

 29.1.2 Pathophysiology

An erection is a neurovascular event requiring intact neural 
pathways and normal endothelial function. Diabetes mellitus 
is frequently associated with micro and macrovascular 
complications which contribute to ED. Endothelial dysfunction 
is thought to play a major role and accounts for the consistent 
association between ED and cardiovascular disease risk and 
mortality.5-7 Though there are no randomised clinical trials 
demonstrating reduced incidence or altered progression of ED 
with management of the hyperglycaemia, there is data from 
the Diabetes Control and Complications Trial and the United 
Kingdom Prospective Diabetes Study indicating that better 
glycaemic control leads to reductions in peripheral neuropathy. 
Peripheral neuropathy impairs sensory feedback from the penis 

resulting in erectile dysfunction. Though there is conflicting 
data regarding diet, glycaemic control and ED, it is advisable to 
improve glycaemic control as a potential factor for maintaining 
erectile function in these individuals. In addition, psychological 
factors, such as depression, performance anxiety and relationship 
factors may contribute to ED e.g. depression was present in 28% 
of men with T2DM in a large meta-analysis of 51,331 patients 
from 10 controlled studies. 8

The multitude of factors contributing to ED in type 2 diabetes is 
listed in Table I.

29.1.3 Screening

Adult males with type 2 diabetes should be screened regularly 
for ED. A sexual function history may be sufficient, but a number 
of validated questionnaires exist and have been shown to 
be sensitive and specific for determining presence of ED and 
providing a means of assessing response to therapy.10 The 5-item 
version of the International Index of Erectile Function (IIEF-5) 

SEMDSA 2017 Recommendations 

Screen all adult men with type 2 diabetes regularly for ED with a sexual function history or questionnaire. Erectile 
dysfunction (ED) is common in adult men with type 2 diabetes, significantly impacts quality of life, and is a risk factor 
for cardiovascular disease and mortality. 

B

All men with type 2 diabetes and ED or other symptoms of hypogonadism should be investigated for hypogonadism. 
Measure total testosterone (and free testosterone) between 7am and 11am, preferably in the fasting state. 

B

Offer hypogonadal men testosterone therapy (TTh). Monitor therapy regularly with symptom assessment, digital 
rectal examination, prostate specific antigen, haematocrit and testosterone levels.

A PDE5 inhibitor is the initial treatment of choice for eugonadal men with ED (if not contraindicated).

Men with ED who fail to respond to PDE5 inhibitor therapy (with or without TTh) should be referred to a specialist in 
male sexual dysfunction (urologist or specialist in sexual medicine) for alternative treatment.

C

Men with hypogonadism or ejaculatory disorders who desire fertility should be referred to a specialist with experience 
in this field.

C
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Table I: Mechanisms associated with ED in type 2 diabetes9

Autonomic neuropathy  
Peripheral neuropathy  
Hypertension  and therapies
Peripheral vascular disease  
Hyperlipidaemia  
Drug-related side effects  
Cavernosal smooth muscle disorder  
Hypogonadism with reduced sexual desire (double risk)  
Psychological factors including depression  
Ejaculatory disorders  
Retrograde ejaculation /anejaculation  
Reduced sensation  
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is shown in Table II. A detailed history is the cornerstone of the 
evaluation of sexual dysfunction and ED but must be sensitive to 
the patient’s personal, cultural and ethnic background. Having 
the partner attend and engage in the clinical interview assists 
in clarifying symptoms and refining the diagnosis.  Identifying 
potentially reversible causes of ED is important (e.g. drugs, 
depression).

Recommended blood tests include HbA1c, lipid profile and 
serum testosterone. An effort ECG is advised if there is a family 
history of premature cardiovascular disease. 

29.1.4 Treatment

Treatment of ED should occur concurrently with lifestyle 
modification along with treatment of organic (e.g. neuropathy or 
vasculopathy) and psycho-sexual dysfunctions (e.g. depression 
and/or anxiety). 

PDE 5 inhibitors are the cornerstone of therapy for ED, and if there 
are no contraindications, should be offered as first-line therapy 
to men with diabetes in the absence of hypogonadism.12-14 

PDE5 inhibitors are absolutely contraindicated with concurrent 
nitrate use. They are safe to use in men with stable ischaemic 
heart disease who are not using nitrates, and may actually be 
beneficial for ischaemic heart disease, peripheral neuropathy 
and nephropathy.9 Men with diabetes generally need the higher 
dose PDE5 inhibitor, and about 50% will have an adequate 
response to therapy.

Patients who fail adequate on demand or daily dosing with 
a PDE 5 inhibitor therapy should be referred to a specialist 
(sexual medicine or urologist) for second-line therapies such 
as vacuum constriction devices, intracorporal injection therapy 
with prostaglandin E1 and/ or papaverine and phentolamine. 

In some cases a penile prosthesis may be considered. 
Treatment of hypogonadism prior to initiating therapy with 
phosphodiesterase type 5 (PDE5) inhibitors decreases the 
number of non-responders.15,16

29.2 Hypogonadism 

29.2.1 Risk factors for hypogonadism

T2DM is a risk factor for hypogonadism.17 While it is advisable to 
measure testosterone levels in all adult males with T2DM (it is 
estimated that up to 40% have hypogonadism),9 it is mandatory 
to measure total and/or free testosterone levels in all individuals 
with symptoms of hypogonadism/low libido (decrease in sexual 
thoughts), poor morning erections as well as erectile dysfunction. 
The presence of non-sexual symptoms (low mood, fatigue, lack 
of vitality and cognitive impairment) should also necessitate 
measurement.18 Additional considerations for measurement are 
all patients with obesity and features of the metabolic syndrome, 
osteopaenia or osteoporosis, vitamin D deficiency, hypertension 
and the use of glucocorticoids, opioids or antipsychotics. 19,20  The 
overlapping symptoms of hypogonadism with hypothyroidism 
necessitate the assessment of TSH.21,22A prolactin level is useful 
to exclude primary pituitary disorders. 

Hypogonadism associated with metabolic disorders such as 
T2DM and obesity usually results from hypogonadotrophic 
hypogonadism; The LH and FSH levels are usually low or 
inappropriately normal in this situation and pituitary imaging 
is usually not necessary in the absence of other features of 
hypopituitarism. Addressing metabolic parameters and obesity 
may allow for recovery of the hypogonadism. This is unlike age-
related hypogonadism or more permanent conditions, such as 
pituitary or testicular disease, which will necessitate lifelong 
testosterone therapy (TTh). 

Table II: The International Index of Erectile Function (IIEF-5) Questionnaire11

Over the past 6 months:

1. How do you rate your 
confidence that you could get and 
keep an erection?

Very low 
1

Low 
2

Moderate 
3

High 
4

Very high 
5

2. When you had erections with 
sexual stimulation, how often 
were your erections hard enough 
for penetration?

Almost never / 
never

1

A few times (much 
less than half the 

time) 
2

Sometimes (about 
half the time) 

3

Most times (much 
more than half the 

time) 
4

Almost always/
always 

5

3. During sexual intercourse, how 
often were you able to maintain 
your erection after you had 
penetrated (entered) your partner?

Almost never/
never 1

A few times (much 
less than half the 

time) 
2

Sometimes (about 
half the time) 

3

Most times (much 
more than half the 

time)
4

Almost always/
always 

5

4. During sexual intercourse, 
how difficult was it to maintain 
your erection to completion of 
intercourse?

Extremely difficult 
1

Very difficult 
2

Difficult 
3

Slightly difficult 
4

Not difficult 
5

5. When you attempted sexual 
intercourse, how often was it 
satisfactory for you?

Almost never/never 
1

A few times (much 
less than half the 

time) 
2

Sometimes (about 
half the time) 

3

Most times (much 
more than half the 

time) 
4

Almost always/
always 

5

IIEF-5 scoring:
The IIEF-5 score is the sum of the ordinal responses to the 5 items.
22-25: No erectile dysfunction
17-21: Mild erectile dysfunction
12-16: Mild to moderate erectile dysfunction
8-11: Moderate erectile dysfunction
5-7: Severe erectile dysfunction
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29.2.2 Diagnosis and laboratory testing

The diagnosis of hypogonadism requires the presence of 
symptoms and signs of androgen deficiency (impaired cognitive 
and sexual function, often in association with depressive 
symptoms) together with decreased serum testosterone 
concentration. The recommended laboratory tests for 
confirming the diagnosis are serum total testosterone (TT) and 
free testosterone. Equilibrium dialysis is the gold standard for 
measurement of free testosterone, but in South Africa a calculated 
free testosterone is widely used - this requires measurement 
of serum SHBG and TT and is considered acceptable for 
determining free testosterone levels.23 Testosterone secretion 
shows diurnal variation so the preferred time for sampling for 
TT measurement is 7h00 -11h00, preferably after an overnight 
fast.  Despite diurnal variation being substantially blunted in 
older men24 and possibly in symptomatic hypogonadal men 
regardless of age, the same sampling time is recommended.24 
A serum prolactin measurement is indicated when TT level 
<5.2 nmol/L or secondary hypogonadism is suspected. 
Additional tests include LH, to differentiate between primary 
and secondary hypogonadism, TSH and vitamin D should also 
be measured as there is overlap of symptoms of hypothyroidism 
and hypogonadism, and vitamin D deficiency is a risk factor for 
hypogonadism.19,20 

Though measurement of TT is widely accepted as a diagnostic 
test for hypogonadism, there is no consensus on the definition 
of testosterone deficiency based on the lower TT threshold. The 
International Society for the Study of the Ageing Male (ISSAM) 
Hypogonadism panel recommend a cut off of 12.1 nmol/L,25 

while the European Male Ageing Study (EMAS) recommended 
a threshold of 11 nmol/L.26  Hypogonadal symptom prevalence 
increases with TT levels <12.1 nmol /L.18 Testosterone receptor 
sensitivity varies between individuals which may account for 
differing degrees of hypogonadal symptoms and variable levels 
of TT.27 The free testosterone should be evaluated In individuals 
with hypogonadal symptoms and normal TT and TSH levels. 
Differing lower thresholds for free testosterone have been 
recommended with 225 pmol/L being the lowest28 and 347 pmol 
/L being suggested by others.29,30  Regardless of the level used, 
the diagnosis of hypogonadism is only confirmed if symptoms 
are present.

29.2.3 Treatment 

Testosterone therapy (TTh) is approved for the treatment of 
hypogonadism. A trial of therapy for 3 to 6 months may be 
considered in patients with uncertain diagnostic levels of serum 
testosterone, though 12 months TTh may be required to fully 
assess response.1 The patient should be given the opportunity 
to actively participate in the choice of testosterone formulation. 
Patients with inadequate therapeutic responses to TTh should 
be referred for further investigation of other causes for sexual 
dysfunction. T2DM men with hypogonadism who wish to 
maintain their fertility, now or in the future, should receive 
other forms of therapy (not TTh) and be referred to a healthcare 
professional with expertise in managing these men .   

TTh options are oral and intramuscular and include:  

Testosterone undecanoate 

Oral, 3 to 4 capsules in divided doses daily.  Absorption is 
through the lymphatic system, with consequent reduction of 
liver involvement. 

Intramuscular injection is initiated after measurement of 
testosterone levels; depending on testosterone levels and 
severity of hypogonadal symptoms the interval to the 2nd 
injection may be reduced and given at 6 weeks with subsequent 
injections every 10-14 weeks. This allows for a more rapid 
achievement of the steady-state testosterone levels which are 
achieved with this form of testosterone without fluctuation.34 
Long-acting preparations cannot allow early drug withdrawal in 
case of side effects.33

Testosterone cypionate 

One injection every 2-3 weeks.  Short-acting preparation that 
allows drug withdrawal in case of onset of side-effects.  Possible 
fluctuation of testosterone levels.31,32

Testosterone enanthate

One injection every 2-3 weeks. Short-acting preparation 
that allows drug withdrawal in case of onset of side-effects. 
Fluctuation of testosterone levels.31,32

29.2.4 Monitoring 

Monitoring after initiation of TTh includes the assessment of 
symptom resolution, side-effects, serum testosterone levels, 
prostate specific antigen (PSA), haematocrit and regular digital 
rectal examination(DRE); the suggested monitoring interval is 
3, 6 and then 12 months post-initiation and annually thereafter, 
and is also dependent on the formulation of TTh used.

Insufficient data exists for determination of the optimal 
target serum testosterone; hence the recommendation is for 
maintenance of levels within the normal range. Due to variability 
in laboratory values the same laboratory should be used for 
measurement.25 Testosterone levels should be measured towards 
the end of the injection interval (trough level) regardless of the 
preparation and levels below the normal range should receive 
dosing at shorter injection intervals; for testosterone levels 
above the normal range extension of the injection interval or 
dose reduction must be considered.34

Concerns exist about a link between prostate cancer and 
testosterone therapy: recent evidence fails to support this 
concern or that TTh is associated with growth of subclinical 
prostatic lesions.35,36 It is still recommended that patients 
undergo prostate assessment prior to commencement of 
therapy, including a PSA and digital rectal examination (DRE). 
The presence of abnormalities on DRE or elevated PSA may 
warrant ultrasound guided prostatic biopsy, and these patients 
should be referred to a urologist for further assessment. 

Polycythaemia and haematocrit

Follow up should include haematological assessment with 
maintenance haematocrit levels below 54%. There does not 
appear to be an increase in cardiovascular events with the 
elevated haematocrit possibly on the basis of vasodilator and 
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anti-atherosclerotic effects, but levels repeatedly in excess of  
54% require therapeutic phlebotomy with or without 
discontinuation of TTh. 37 

29.2.5 Hypogonadism and cardiovascular disease 

Numerous studies have shown an association between low 
testosterone levels and increased cardiovascular risk and 
mortality. An observational study from Italy which included 
1687 patients managed for erectile dysfunction showed that the 
risk for major adverse cardiovascular events after adjustment for 
age and chronic diseases was 20% higher when testosterone 
levels were < 8 nmol/L.38 The Copenhagen Heart Study showed 
that reductions of total testosterone below the 10th percentile 
increased risk of ischaemic stroke by 34% when compared to 
normal testosterone individuals.39 There does appear to be an 
association between testosterone levels and glycaemic control 
in type 2 diabetes, suggesting that better glycaemic control is 
beneficial for maintaining testosterone levels.40 TTh improves 
surrogates markers of cardio metabolic risk, including fasting 
plasma glucose, triglycerides and waist circumference.41 

29.2.5 Therapy outcomes

Resolution of hypogonadal signs and symptoms occur at variable 
times for different organ systems.42 Libido, vigor and depression 
as well as quality-of-life measures can expect to improve from 
3 to 4 weeks following commencement of therapy, although 
erectile and ejaculatory function may require up to 12 months 
of TTh to improve.1 Decreased fat mass and increased lean body 
mass and muscle strength and improvement in insulin sensitivity 
may be apparent about 3 to 4 months after initiation of TTh. 
Improvements in bone are detectable from 6 months, but the 
full beneficial effect may take between 2 and 6 years.43

29.3 Ejaculatory disorders 

These are common as part of the spectrum of sexual dysfunction 
in men with diabetes occurring in 32 to 67% of the male 
diabetic cohort and require enquiry as recognition of these 
is an important component in sexual quality of life. Disorders 
include retrograde ejaculation with incomplete closure of the 
bladder neck during ejaculation usually secondary to autonomic 
neuropathy, premature ejaculation and retarded ejaculation.44

29.4 Peyronies Disease 

Peyronies disease presents with a fibrotic plaque within the 
tunica albuginea of the penis leading to penile shortening, 
curvature and sexual dysfunction in approximately 20% of 
diabetic males with ED. 15% of men with Peyronies disease have 
concomitant Duputyrens contracture. Surgery remains the gold 
standard for correcting erect penile deformity in men with stable 
disease.

Authors: Padaruth Ramlachan  and Tanya E Kinvig
Editor: Aslam Amod

References
1. Hackett G, Cole N, Bhartia M, et al. Blast Study Group. The response to 

testosterone undecanoate in men with type 2 diabetes is dependent on 
achieving threshold serum levels (the BLAST study). Int J Clin Pract 2014; 
68:203–15. 

2. Eardley I, Fisher W, Rosen RC, et al. The multinational Men’s Attitudes to Life 
Events and Sexuality study: the influence of diabetes on self-reported erectile 

function, attitudes and treatment seeking patterns in men with erectile 
dysfunction. Int J Clin Pract 2007; 61:1446-53 

3. Esposito K, Maiorino MI, Bellastella G. Diabetes and sexual dysfunction: current 
perspectives. Diabetes, Metab Syndr Obes Targets Ther. 2014;7:95. doi:10.2147/
DMSO.S36455.

4. Al-Hunayan A,  Al-Mutar M, Kehinde EO, et al. The prevalence and predictors of 
erectile dysfunction in men with newly diagnosed type 2 diabetes mellitus. BJU 
Int 2007; 99:130-4

5. Dong J.Y., Zhang Y.H., Qin L.Q. Erectile dysfunction and risk of cardiovascular 
disease: meta-analysis of prospective cohort studies. J Am Coll Cardiol. 
2011;58:1378–1385.

6. Vlachopoulos C.V., Terentes-Printzios D.G., Ioakeimidis N.K., Aznaouridis K.A., 
Stefanadis C.I. Prediction of cardiovascular events and all-cause mortality with 
erectile dysfunction: a systematic review and meta-analysis of cohort studies. 
Circ Cardiovasc Qual Outcomes. 2013;6:1–11

7. Gazzaruso C. Erectile dysfunction and coronary atherothrombosis in diabetic 
patients: pathophysiology, clinical features and treatment. Expert Rev 
Cardiovasc Ther 2006;4:173–80. doi:10.1586/14779072.4.2.173

8. Ali S, Stone, MA, Peters JL, Davies MJ, Khunti K. The prevalence of co-morbid 
depression in adults with Type 2 diabetes: a systematic review and 
meta-analysis. Diabet Med 2006; 23 (11): 1165-73

9. Hackett G. Should PDE5Is be prescribed routinely for all men with newly 
diagnosed type 2 diabetes? Br J Diabetes Vasc Dis. 2015;15(4):184-186. 
doi:10.15277/bjdvd.2015.054.

10. Ramanathan R, Mulhall J, Rao S, et al positive correlation between the 
International Index of Erectile Function (IIEF) and Sexual Health Inventory for 
Men (SHIM): implications for calculating a derived SHIM for clinical use. J Sex 
Med 2007; 4:1334-44 

11. Rosen RC, Cappelleri JC, Smith MD, et al. Development and evaluation of an 
abridged, 5-item version of the International Index of Erectile Function (IIEF-5) as 
a diagnostic tool for erectile dysfunction. Int J Impot Res. 1999 Dec;11(6):319-26

12. Fonseca V, Seftal A, Denne J, et al. Impact of diabetes mellitus and the severity 
of erectile dysfunction and response to treatment: analysis of data from tadalafil 
clinical trials. Diabetalogia 2004; 47:1914-23

13. Rendell MS, Rajfer J, Wicker PA, et al. Sildenafil for treatment of erectile 
dysfunction in men with diabetes: a randomised controlled trial. JAMA 1999; 
281:421-6.

14. Goldstein I, Young JM, Fischer J, et al.  Vardenafil a new phosphodiesterase type 
V inhibitor, in the treatment of erectile dysfunction in men with diabetes: a 
multicentre double-blind, placebo-controlled fixed dose study. Diabetes Care 
2003; 26:777-83 

15. Shabsigh R, Kaufman JM, Steidle C, et al. Randomised study of testosterone 
gel as adjunctive therapy to sildenafil and hypogonadal men with erectile 
dysfunction who do not respond to sildenafil alone. J Urol 2004; 172:658-63

16. Kalinchenko SY, Kozlov GI, Gontcharov NP , et al. Oral testosterone undecanoate 
reverses erectile dysfunction associated with diabetes mellitus in patients failing 
on sildenafil citrate therapy alone. Ageing Male 2003; 6:94-9

17. Mulligan T, Frick MF, Zuraw QC, et al. Prevalence of hypogonadism in males aged 
at least 45 years: the HIM study. Int J Clin Pract 2006;60:762–9.

18. Zitzmann M, Faber S, Nieschlag E. Association of specific symptoms and 
metabolic risks with serum testosterone in older men. J Clin Endocrinol Metab 
2006;91:4335–43

19. Lee DM, Tajar A, Pye SR, et al. The EMAS Study Group. Association of 
Hypogonadism with vitamin D status: the European Male Ageing Study. Eur J 
Endocrinol 2012; 166:77–85.

20. Wehr E, Pilz S, Boehm BO, et al. Association of vitamin D status with serum 
androgen levels in men. Clin Endocrinol 2010; 73:243–8.

21. Bremner AP, Feddema P, Leedman PJ, et al. Age-related changes in thyroid 
function: a longitudinal study of a community-based cohort. J Clin Endocrinol 
Metab 2012;97:1554–62

22. Hollowell JG, Staehling NW, Flanders WD, et al. Serum TSH, T(4), and thyroid 
antibodies in the United States population (1988 to1994): National Health 
and Nutrition Examination Survey(NHANES III). J Clin Endocrinol Metab 2002; 
87:489–99.

23. Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple methods 
for the estimation of free testosterone in serum. J Clin Endocrinol Metab 1999; 
84:3666–72.



Chapter 29: Male sexual dysfunction in type 2 diabetes S139

The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S139

24. Crawford ED, Barqawi AB, O’Donnell C, Morgentaler A. The association of time of 
day and serum testosterone concentration in a large screening population. BJU 
Int 2007;100:509–13

25. Lunenfeld B, Mskhalaya G, Zitzmann M, et al. Recommendations on the 
diagnosis, treatment and monitoring of hypogonadism in men. The Ageing Male 
2015; 18 (1): 5-15

26. Wu FC, Tajar A, Beynon JM, et al. EMAS Group. Identification of late-onset 
hypogonadism in middle-aged and elderly men. N Engl J Med 2010; 363:123–35.

27. Zitzmann M. The role of the CAG repeat androgen receptor polymorphism in 
andrology. Front Horm Res 2009; 37:52–61.

28. (j) Rosner W, Auchus RJ, Azziz R, et al. Utility, limitations, and pitfalls in measuring 
testosterone: an Endocrine Society Position Statement. J Clin Endocrinol Metab 
2007;92:405–13.

29. Morgentaler A, Khera M, Maggi M, Zitzmann M. Commentary: who is a candidate 
for testosterone therapy? A synthesis of international expert opinions. J Sex Med 
2014;11:1636–45  

30. Kacker R, Hornstein A, Morgentaler A. Free testosterone by direct and calculated 
measurement versus equilibrium dialysis in a clinical population. Aging Male 
2013;16:164–8.

31. Wang C, et al. Pharmacokinetics and safety of long-acting testosterone 
undecanoate injections in hypogonadal men: an 84-week phase III clinical trial. 
J Androl 2010; 31(5):457-65.

32. Bhasin S, et al. Clinical review 85: Emerging issues in androgen replacement 
therapy. J Clin Endocrinol Metab 1997; 82(1):3-8.

33. Andropause: hormone replacement therapy in the ageing male. Eur Urol 2000; 
38(6):655-62.

34. https://www.medicines.org.uk/emc/medicine/15661

35. Pastuszak AW, Pearlman AM, Lai WS, et al. Testosterone replacement therapy 
in patients with prostate cancer after radical prostatectomy. J Urol 2013; 
190:639–44.

36. Morgentaler A, Lipshultz LI, Bennett R, et al. Testosterone therapy in men with 
untreated prostate cancer. J Urol 2011; 185:1256–60.

37. Jones TH, Saad F. The effects of testosterone on risk factors for, and the 
mediators of, the atherosclerotic process. Atherosclerosis 2009; 207:318–27.

38. Corona G, Monami M, Boddi V et al. Low testosterone is associated with an 
increased risk of MACE lethality in subjects with erectile dysfunction. J Sex Med 
2010; 7:1557-64.

39. Holmboe SA, Jensen TK, Linneberg A et al. Low testosterone: a risk marker rather 
than a risk factor Type 2 diabetes JCEM 2016; 101:69-78 

40. El-Sakka AI, Sayed HM, Tayeb KA. Androgen pattern in patients with type 2 
diabetes-associated erectile dysfunction: impact of metabolic control. Urology 
2009; 74:552-9 

41. Aversa A, Bruzziches R, Francomano D, et al. Effects of testosterone undecanoate 
on cardiovascular risk factors and atherosclerosis in middle-aged men with 
late onset hypogonadism and metabolic syndrome: results from a 24-months, 
randomized double blind placebo-controlled study. J Sex Med 2010; 7:3495–503.

42. Saad F, Aversa A, Isidori AM, et al. Onset of effects of testosterone treatment 
and time span until maximum effects are achieved. Eur J Endocrinol 
2011;165:675–85. 

43. Aversa A, Bruzziches R, Francomano D, et al. Effects of longacting testosterone 
undecanoate on bone mineral density in middle aged men with late-onset 
hypogonadism and metabolic syndrome: results from a 36 months controlled 
study. Aging Male 2012;15: 96–102.

44. Isidro ML. Sexual dysfunction in men with type 2 diabetes. Postgrad Med 2012; 
88:152-9



The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S140

J E M D S A
ISSN 1608-9677           EISSN 2220-1009 

© 2017  The Author(s)

S E M D S A  G U I D E L I N E S

Table 2. Prevalence of diabetes mellitus (D), impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) in cross-sectional 
community surveys in South Africa, based on World Health Organisation (WHO) and American Diabetes Association (ADA) criteria

Ethnic Group Author  
Year

Urban (U) /
Rural  (R) /

Peri-urban (P-U)

n Age (yr) Method** Prevalence (%)†

Province D IFG IGT

1985 WHO criteria

Africans (Black)

KwaZulu Natal Omar 
1993

U 479 >15 OGTT 5.3 - 7.7

Western Cape Levitt 
1993

U 729 >30 OGTT 8.0 - 7.0

Free State Mollentze 
1995

U 758 >25 OGTT 6.0 - 12.2

P-U 853 >25 OGTT 4.8 - 10.7

Mixed ancestory‡ 

Western Cape Levitt 
1999

P-U 974 >15 OGTT 10.8 - 10.2

Asian Indian

KwaZulu- 
Natal

Omar 
1994

U 2479 >15 OGTT 13.0 - 6.9

1998 WHO and 1997 / 2003 ADA criteria

African (Black)

KwaZulu Natal Motala 
2008

R 1021 >15 OGTT 3.9 1.5 4.8

Western Cape Peer 
2012

U 1099 25-74 OGTT 13.1 1.2 11.2

KwaZulu-Natal Hird T 
2016

U 1190 > 18 OGTT 12.9 0.8 3.5

Mixed ancestory‡ 

Western Cape Erasmus 
2012

U 642 >31 OGTT 26.3 3.2 15.0

**OGTT: 75g oral glucose tolerance test;  
†Age-adjusted prevalence
‡Khoi - East Indian - Europid.
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Appendix 1: Epidemiology diabetes surveys in South Africa (glucose-based)  
SEMDSA Type 2 Diabetes Guideline Expert Committee
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Appendix 2: The South African National Health and Nutrition Examination 
Survey-1 (SANHANES-1)

Prevalence (mean %) of metabolic syndrome features in persons >15 years

Male Female 45-54 yrs 55-64 yrs 65+
yrs African White Coloured Asian Total 

LIPID PROFILE

TC > 5.0 mmol/l 18.9 28.1 37.6 41.3 43.2 20.6 55.5 34.2 43.4 23.9

HDL > 1.2 mmol/l 52.5 44.1 49.3 42.5 45.9 49.0 32.1 44.7 52.9 47.9

LDL > 3.0 mmol/l 18.6 29.6 36.4 41.4 40.7 21.5 50.3 34.3 48.6 24.6

Trig > 1.7 mmol/l 28.3 21.3 41.2 36.7 37.4 22.0 56.2 29.7 45.7 24.5

BLOOD PRESSURE 

BP >140/90 mmHg 10.2 10.2 19.5 21.5 18.9 9.9 12.2 11.8 7.3 10.2*

GLYCAEMIA

HbA1c > 6.5% 7.9 11.0 16.7 24.4 19.0 8.2 8.1 13.4 30.7 9.5

HbA1c 6.1 - 6.5% 7.7 10.0 11.2 13.9 19.9 8.7 4.0 11.2 11.1 8.9

BMI MALES

BMI 25 - 29.9 kg/m2 31.2 25.9 40.4 19.1 § 22.1 32.2 20.1

BMI  > 29.9 kg/m2 18.7 19.3 13.1 9.4 § 15.1 7.6 10.6

WAIST CIRCUMFERENCE MALES

Waist > 94 cm 39.9 34.1 39.7 17.4 § 25.7 36.9 20.2

Waist > 102 cm 22.1 16.3 16.1 8.0 § 12.0 24.3 9.8

BMI FEMALES

BMI 25 - 29.9 kg/m2 21.2 27.6 23.1 24.9 § 24.4 22.8 24.8

BMI  > 29.9 kg/m2 56.3 52.2 46.9 39.9 § 34.9 32.4 39.2

WAIST CIRCUMFERENCE FEMALES

Waist > 80 cm 81.7 85.5 79.8 67.6 § 67.2 79.5 68.2

Waist > 88 cm 69.9 70.0 60.3 51.1 § 49.9 54.1 50.8

TC=total cholesterol; HDL=High density lipoprotein; LDL=low density lipoprotein; Trig=triglycerides; BP= blood pressure; BMI=body mass index; 
*The prevalence of hypertension including those on treatment was 31%. 
§=insufficient data for analysis 

With South Africa’s epidemiological transition from infectious 
diseases to non-communicable diseases (NCDs) there is a 
great need for a better understanding of both the prevalence 
of NCDs and the associated risk factors among South Africans, 
and a need to translate such information into effective health 
policies, health programmes and services. It is with this backdrop 
that the Human Science Research Council, in partnership with 
the Medical Research Council and several major universities 
embarked on the SANHANES in 2012. The plan was to recruit 
and establish a nationally representative cohort of 5000 South 
African households to be followed up over the coming years. The 
first cross-sectional examination (SANHANES-1) using a multi-

stage disproportionate, stratified cluster sampling approach was 
completed in 2012 and reported in 2014.

The final population sample included 25 532 people from 6305 
households who were interviewed, and then subsequently 
invited to a clinic examination and blood biomarker analyses 
for lipid profiling and HbA1c. The results for the prevalence of 
anthropometric, blood pressure, lipid and HbA1c abnormalities 
are summarised here. 

Reference 
1. Shisana O, Labadarios D, Rehle T, et al. South African National Health and 

Nutrition Examination Survey, 2012 (SANHANES-1). In: 2014th ed. Cape Town: 
HSRC Press; 2014:1-397.
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Appendix 3: The use of HbA1C for the diagnosis of type 2 diabetes 
SEMDSA Type 2 Diabetes Guideline Expert Committee

Use of HbA1C in the diagnosis of diabetes mellitus
For the diagnosis of diabetes •  HbA1C > 6.5% (48 mmol/mol)

•  HbA1C < 6.5% does not exclude diagnosis by blood glucose
•  Glucose–based tests (FPG, OGTT) are still valid

Interpretation of HbA1C < 6.5% • No recommendation because of insufficient evidence

Requirements to fulfill (provisos) 
for use of HbA1C for diagnosis

• Stringent quality assurance tests in placea

• Assays standardised to criteria aligned with international reference valuesb

• Low cost and wide availability
• No conditions present which preclude accurate measurement (Table III)

Choice between HbA1C and 
plasma glucose should be based 
on local considerations 

• Cost
• Availability of equipment
• National quality-assurance system
• Population characteristics (e.g. prevalence of malaria or haemoglobinopathies)
• Crucial to ensure that accurate blood glucose measurement be generally available at primary healthcare 

level before introducing HbA1C measurement as a diagnostic tool
a Appropriate conditions for assay method: Standardised assay; Low coefficient of variability; Calibrated against International Federation of Clinical Chemists (IFCC) 
standards 
b DCCT aligned and NGSP certified

Factors which influence HbA1C measurement
Erythropoiesis Increased HbA1C Iron deficiency, vitamin B12 deficiency, decreased erythropoiesis

Decreased HbA1C Administration of erythropoietin, iron or vitamin B12, reticulocytosis, chronic liver 
disease

Altered haemoglobin Variable HbA1C Genetic or chemical alterations in haemoglobin may increase or decrease HbA1C: 
Haemoglobinopathies, HbF, methaemoglobin

Glycation Increased HbA1C Alcoholism, chronic renal failure, decreased intra-erythrocyte pH

Decreased HbA1C Aspirin, vitamins C and E, certain haemoglobinopathies, increased 
intra-erythrocyte pH

Variable HbA1C Genetic determinants

Erythrocyte destruction Increased HbA1C With increased erythrocyte life span: Splenectomy

Decreased HbA1C With decreased erythrocyte life span: Haemoglobinopathies,  splenomegaly, 
rheumatoid arthritis, drugs (e.g. antiretrovirals, ribavirin, dapsone)

Assays Increased HbA1C Hyperbilirubinaemia, carbamylated haemoglobin, alcoholism, large doses of 
aspirin, chronic opiate use

Decreased HbA1C Hypertriglyceridaemia

Variable HbA1C Haemoglobinopathies

Note: Some of these factors cannot be detected by certain assays

Reference
1. World Health Organization. Use of glycated haemoglobin (HbA1C) in the diagnosis of diabetes mellitus: http://www.who.int/diabetes/publications/reporhba1c_2011.pdf.

(accessed 25 January 2016). 
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Metformin, a biguanide, was isolated from Galega officinalis 
(goats rue), which was used to treat symptoms characteristic 
of diabetes mellitus in medieval times. French diabetologist 
Jean Sterne was the first to publish studies about its glucose 
lowering effect in humans in 1957, when he dubbed the drug 
“gluco-phage” (glucose-eater).1 The common occurrence of 
lactic acidosis with other biguanides has led to their withdrawal, 
and metformin is currently the only commercially available 
biguanide. It has been registered in the United Kingdom since 
1958, in the United States since 1994 and in South Africa since 
August 1974. Metformin is the most commonly used oral therapy 
for the treatment of type 2 diabetes worldwide and forms the 
backbone of treatment in most published guidelines.

9.1.1 Mechanism of action 

(Optional reading)

The exact mechanisms of action of metformin have been debated. 
The predominant anti-hyperglycaemic effect was thought to 
be through the reduction in hepatic glucose production and 
increased insulin-mediated glucose uptake by skeletal muscle. 
However, the importance of its gut based mechanism of action is 
gaining significance.2,3  

Reduced hepatic glucose output is thought to be mediated 
through inhibition of liver mitochondrial electron transport, 
leading to activation of the enzyme AMP-activated protein 
kinase. Increased cellular AMP leads to blockade of glucagon-
dependent hepatic glucose production as well as direct 
inhibition of gluconeogenesis through inhibition of a key 
enzyme, fructose-1,6-bisphosphatase. 

At the level of skeletal muscle, increase in glucagon receptor–
stimulated adenylate cyclase has been shown to increase 
glucose transporter activity (GLUT-4) and glucose uptake. 

Gut effects include the stimulation of jejunal enteroendocrine 
L-cells to produce glucagon-like peptide-1 (GLP-1) and peptide 
YY, alteration of bile acid metabolism and the gut microbiome, as 
well as delayed and reduced glucose absorption.2–4 The increase 
in GLP-1 levels with metformin are similar to those seen with DPP-
4 inhibitors.5 Recent observations that smaller doses of delayed-
release metformin (Met-DR), which increases drug delivery to 
the ileum, is as effective as higher doses of immediate release 
metformin (Met-I) and extended-release metformin (Met-XR), 
suggests that gut may be the major target for metformin action. 
Suppression of hepatic glucose output may in fact be neuro-
humorally mediated via the gut.3,6 

Peripheral effects include the stimulation of fatty acid oxidation 
and an increase in systemic measures of insulin sensitivity (as 
is common with many glucose lowering therapies). However, 
the role of metformin in insulin-mediated glucose uptake is 
not proven, and therefore, contrary to popular belief, cannot be 
classified as an insulin sensitiser.7,8

9.1.2 Glycaemic efficacy9,10,11

Systematic reviews and meta-analyses of randomised controlled 
trials show that:

• Metformin monotherapy lowers HbA1c by a mean of -1.1% to 
-1.3% compared to placebo or diet alone (range from -0.5% 
to -1.8% for daily metformin doses ranging from 500 mg to  
3000 mg). 

• Metformin added to other oral therapies lowers HbA1c by a 
mean of 0.9% compared to placebo.

• Metformin added to insulin therapy lowers HbA1c by a mean of 
0.8% compared to insulin alone.

9.1.3 Hypoglycaemia

Hypoglycaemia does not occur in patients (with or without 
diabetes) receiving metformin alone under usual circumstances 
of use, but could occur when caloric intake is deficient, 
when strenuous exercise is not compensated by caloric 
supplementation, or during concomitant use with other glucose-
lowering agents (such as sulphonylureas and insulin) or ethanol.4 
UKPDS 34 reported no cases of severe hypoglycaemia in patients 
taking metformin alone.12

9.1.4 Weight

In the UKPDS metformin monotherapy was not associated with 
weight gain compared to diet alone group over 10.7 years of 
follow-up.12 Meta-analyses confirm that metformin is weight 
neutral and may result in modest weight loss (mean -1.2 kg) in 
some patients. 

Although uncommon, metformin can occasionally result in 
anorexia and marked weight loss (cachexia), particularly in older 
non-obese patients. Unexplained severe weight loss warrants 
further investigation to exclude other causes.13 Cessation of 
metformin therapy leads to weight regain in the absence of 
other causes.

9.1.5 Microvascular and macrovascular outcome studies

The UKPDS demonstrated significant reductions in diabetes-
related deaths, all cause mortality and myocardial infarction 
in the 342 newly diagnosed obese type 2 diabetes patients 
randomized to metformin compared to the 411 obese patients 
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randomised to conventional therapy. Despite a trend, there was 
no significant reduction in microvascular endpoints.12 

In a secondary analysis comparing metformin treatment with 
sulphonylureas (chlorpropamide and glibenclamide) and insulin 
treated obese patients, metformin significantly reduced all cause 
mortality and strokes, but not myocardial infarction or diabetes-
related deaths.12 

In a supplementary UKPDS trial, 537 obese and non-obese  
patients inadequately controlled with maximal doses 
of sulphonylureas were randomly assigned to continue 
sulphonylureas alone or to add metformin therapy.12 The addition 
of metformin resulted in an unexpected 96% increase in diabetes 
related deaths. The investigators suggested that this was due 
to an unexpectedly low mortality in the sulphonylurea-only 
cohort, and added that an epidemiological assessment in 4416 
patients did not show an increased risk in diabetes-related death 
in patients treated with a combination of sulphonylurea and 
metformin.12 Nevertheless, these results have raised concerns 
about the sulphonylurea-metformin combination. Subsequent 
studies addressing this issue have yielded conflicting results, 
with some confirming the higher cardiovascular risk with the 
sulphonylurea-metformin combination  

Subsequent systematic reviews, observational, population 
and prospective studies to clarify the monotherapy benefit of 
metformin, or its potential cardiovascular risk with sulphonylurea 
therapy have unfortunately yielded conflicting results, with some 
reporting lower and others reporting higher risks.11,14–21 The 
balance of evidence from these, and prospective randomized 
trials favours cardiovascular safety and probable benefit with 
metformin monotherapy compared to placebo. The controversy 
over metformin-sulphonylurea combinations is addressed in the 
section on sulphonylureas.

9.1.6 Non-glycaemic benefits

Lipids: Metformin has a favourable effect on lipid profile when 
compared to placebo, sulphonylureas and insulin. It significantly 
reduces total cholesterol, LDL-cholesterol and triglycerides and 
increases HDL-cholesterol.11,22–24

Cancer: Population studies have shown that metformin is 
associated with a significant reduction of cancers (breast and 
prostate, in particular).23,25 The exact mechanism of tumour 
suppression is not known. 

Heart Failure: Despite the package insert listing heart failure (HF) 
as a contraindication, metformin several retrospective studies 
have reported a lower risk of all-cause death and hospitalisations 
in diabetes patients with HF.26–28

Other: Laboratory studies have shown that metformin may have 
beneficial anti-inflammatory, anti-coagulant and anti-oxidative 
effects, and may improve endothelial dysfunction and tumour 
suppression.23,24 

9.1.7 Adverse Effects and Special Precautions

Gastrointestinal (GI) side effects: GI disturbances are the 
commonest side effects of metformin, occurring in 20-30% of 
users, and is not dose dependent.24,29 These include abdominal 

pain, nausea, vomiting, diarrhoea, bloating, taste disturbances 
and appetite loss. GI tolerability is improved when the metformin 
dose is up-titrated gradually but about 7% of patients using 
metformin will discontinue therapy due to GI disturbances.29 
The extended-release formulation, apart from offering improved 
compliance with once daily dosing, may also improve GI 
tolerability in some patients.30 We can find no evidence that film-
coated (FC) tablets have any advantage for GI disturbances.

Vitamin B12 (cobalamin or B12) deficiency: The prevalence 
of low serum B12 levels among metformin treated patients (10-
30%) is higher compared to non-diabetic individuals and those 
not taking metformin, especially in those receiving higher 
doses for more than four years.31–36 Several researchers have 
recommended routine screening for B12 deficiency in metformin 
treated patients, but there are no formal guidelines on the 
subject.36 The mechanism of B12 deficiency with metformin is 
unknown. Postulated mechanisms have included bacterial 
overgrowth, changes in small bowel motility, changes in 
bacterial flora, competitive inhibition or inactivation of B12 

absorption, or an effect of calcium on cell membranes.37,38 
Recent advances in assessing true B12 deficiency (measuring 
methylmalonic acid (MMA) and homocysteine) has called into 
question our assessment of B12 insufficiency and deficiency with 
metformin. True B12 deficiency should be associated elevated 
levels of plasma MMA and homocysteine.39 However, in some 
studies where these were measured, this has not been the case, 
implying that the potential mechanism for low serum levels of 
B12 might be an increased uptake and intracellular accumulation 
of B12.40 This may well explain why previous reports of low levels 
of serum B12 have usually not been associated with the typical 
haematological or clinical features of B12 deficiency.23,31,41,42 
In controlled clinical trials, a decrease to subnormal levels of 
previously normal serum vitamin B12 levels, without clinical 
manifestations, was observed in approximately 7% of patients. 
Such decrease is very rarely associated with anaemia and appears 
to be rapidly reversible with discontinuation of metformin or 
vitamin B12 supplementation.4

The clinical relevance of low serum B12 levels in metformin 
treated patients warrants further research. Until there is further 
clarity, routine screening or prophylaxis for B12 deficiency is not 
recommended; however it should be measured in patients with 
other risk factors for B12 deficiency, and in those with anaemia or 
neuropathy. Patients suspected of having clinical B12 deficiency 
should be evaluated with measurement of serum B12 and at least 
one marker of intracellular B12 status. If the latter measurement 
is not available, one should correct the serum deficiency of this 
inexpensive vitamin using high dose intramuscular injections, as 
the amount available in general multivitamins (6 μg) may not be 
enough to correct the biochemical deficiency.43 

Lactic acidosis: Biguanides have gained notoriety for lactic 
acidosis but this appears to have little justification for metformin. 
Large database analyses have shown that the incidence of lactic 
acidosis is about 4 cases per 100000 person years for metformin 
users versus 5 cases per 100000 person years for non-metformin 
users.44–46 Metformin therapy has not been associated with higher 
rates of lactic acidosis, and may actually improve outcomes, in 
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patients with acute myocardial infarction, heart failure, mild-
moderate renal failure and liver disease.28,45,47,48 However, the 
drug should not be prescribed in patients with the most severe 
forms of these diseases.   

The suggested blanket precaution of withholding metformin 
therapy prior to and after the administration of iodinated 
contrast media or general anaesthesia is historical. The 
reassessment of the risks of lactic acidosis has led the U.S Food 
and Drug Administration (FDA) to revise these recommendation 
for iodinated contrast media.49 SEMDSA makes similar 
recommendations for patients undergoing general anaesthesia 
as well (Table I).

Table I: Recommendations for metformin with iodinated contrast 
media or general anaesthesia

Metformin should be discontinued at the time of or before an 
iodinated contrast imaging procedure or general anaesthesia in:
• Patients with an eGFR between < 60 mL/minute/1.73 m2

• Patients with a history of liver disease, alcoholism, or heart failure
• Patients who will receive intra-arterial iodinated contrast

Re-evaluate eGFR 48 hours after the procedure; restart metformin if 
renal function is stable and the patient is eating normally.

9.1.8 Dosing and Prescribing

Head to head comparisons of lower metformin doses (1000 mg 
per day) versus higher doses (2000 mg per day) demonstrate 
an additional significant reduction of HbA1c by 0.25%.9 There 
is debate whether doses higher than 2000 mg per day provide 
additional glucose lowering. However, the cardiovascular 
disease benefit observed with metformin therapy in the UKPDS 
study occurred with a mean daily dose of 2550 mg per day, which 
justifies this as the reasonable maximal therapeutic dose.12 The 
registered maximum total dose for metformin is 3000 mg/day. 

Prescribing in chronic kidney disease

The 2012 SEMDSA Guideline50 recommended a relaxation of 
the renal contraindications to metformin therapy based on the 
evidence available at that time48 (Table II). The FDA has also 
relaxed its renal recommendations since 2016.49 Renal function 
must be monitored at least annually (or more frequently when 
abnormal) in all patients.

Table II: Metformin recommendations in renal disease

Estimated glomerular 
filtration rate (eGFR)

Action

≥ 60 ml/minute/1.73 m2

No renal contraindication to 

metformin. 

Monitor renal function annually.

45-59 ml/minute/1.73 m2

Continue use but increase 

monitoring of renal function (every 

six months).

30-44 ml/minute/1.73 m2 

Prescribe metformin with caution.

Do not exceed 1 000 mg total  daily 

dose.  

Closely monitor renal function (every 

three months). 

< 30 ml/minute/1.73 m2 Stop metformin 

9.1.9 Metformin extended-release

The extended-release (XR) formulation of metformin uses a 
GelShield Diffusion System that allows once daily for doses 
up to 2000 mg. This reduces the tablet burden and potentially 
improves adherence and compliance.51 The outer gel layer of the 
tablet may be excreted intact resulting in patients noticing ghost 
tablets in the stool. This, by design, is normal.52

When administered once daily is essential that metformin XR 
be given with the evening meal as the system relies partly on 
delayed gastric emptying at night.4,53 Metformin XR offers once 
daily equivalence for doses ranging from 500 mg to 2000 mg 
when compared to same daily dose of standard metformin 
administered two or three times a day.4,54,55 Administering the 
2000 mg dose of metformin XR twice a day showed marginally 
better placebo-corrected HbA1c reductions (-1.2% vs. -0.9%) but 
this was not statistically significant.55 

Although a composite analysis of metformin XR placebo 
controlled studies show lower rates of diarrhoea, nausea and 
discontinuations when compared to the composite of standard 
metformin placebo controlled studies, one cannot draw firm 
conclusions because they compare different studies.4,56 In two 
head-to-head studies adverse events including GI disturbances 
were similar in patients initiated on standard metformin versus 
the XR.53,54 However, a number of small studies have shown that 
when patients with pre-existing GI disturbances with standard 
metformin are switched to metformin XR, the GI tolerability 
improves and fewer patients need to discontinue therapy.30,52,57 
GI tolerability of metformin XR also appears to be better in Asian 
patients with low discontinuation rates (2-4%).55,58
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Sulphonylureas (SUs) were first described in 1942 by the chemist 

Marcel Janbon when he observed that the sulphonamide 

antibiotics caused hypoglycaemia in animals.1 Tolbutamide was 

developed in 1956 and glibenclamide in 1966. SUs have good 

glucose-lowering efficacy and safety, having been in clinical use 

for more than sixty years.2 

9.2.1 Classification

SUs are traditionally classified as 1st or 2nd generation:

1st generation SUs include acetohexamide, tolbutamide, 

chlorpropamide, tolbutamide and tolazamide. Their use has 

been limited by side effects. Chlorpropamide is the only one 

still available in South Africa (Hypomide® and Diabitex®) but 

is no longer in use.

2nd generation SUs include glibenclamide, gliclazide 

(standard and modified-release), glipizide and glimepiride. 

These have a more nonpolar, lipophilic side chain, which 

results in a marked increase in their affinity for the SU 

receptor and hypoglycaemic potency (e.g. glibenclamide is 

200 times more potent than tolbutamide).3 All 2nd generation 

SUs are available in South Africa. There is no justification, 

pharmacological or otherwise, for classifying some SUs as 3rd 

generation.

Despite all SUs being classed together because of their 

chemistry and primary mode of action, it has become clear that 

these drugs are quite different in their effects. Controversies 

relating to specific agents have inappropriately been applied 

to the class as a whole. Note that glibenclamide is referred 

to as glyburide in the United States (US) and that gliclazide 

is not available in the US and some European countries. This 

has limited the number of trials where gliclazide is used as a 

comparator.

9.2.2 Gliclazide MR: The SU of choice

The 2012 SEMDSA guideline recommendation was that 

“glibenclamide therapy be phased out in favour of the other 

second generation SUs”. The SEMDSA Guideline Expert 

Committee has considered all of the SU data and now strongly 

recommends that gliclazide modified-release should be the 

SU of choice at primary health care level. The reasons for this 

decision will be reviewed below.

9.2.3 Mode of action and pharmacology2,4–9

(This section contains optional supplementary reading)

All SUs are insulin secretagogues; they lower blood glucose 
through glucose-independent stimulation of insulin secretion 
from the pancreatic ß-cell. 

They induce insulin release by binding to specific receptors on 
ATP-sensitive potassium (KATP) channels. KATP channels consist of 
two subunits, viz. a SU receptor (SUR) subunit and a pore forming 
subunit (Kir6.x). Each subunit has 2 isoforms (SUR1 & SUR2 and 
Kir6.1 & Kir6.2). 

The SUR isoform in the pancreatic ß-cell is SUR1. The binding of 
SUs to SUR1 leads to closure of the potassium channel, prevents 
potassium efflux and results in membrane depolarization. This 
in turn leads to calcium influx, and the release of stored insulin 
from the ß-cell.9 

Individual SUs differ in their affinity, specificity and binding to 
the SU receptor. Gliclazide, like glipizide and nateglinide, binds 
specifically and reversibly to pancreatic ß-cell SUR1 subunits at 
the A binding site. Glibenclamide and glimepiride bind SUR1 
and SUR2 subunits (at both the A and B binding sites) irreversibly 
and non-specifically in a variety of tissues, including cardiac 
muscle.4,5,10 Blocking the KATP channel on cardiac myocytes 
inhibits ischaemic pre-conditioning in animal models, and 
is a potential mechanism by which SUs may worsen cardiac 
outcomes.11,12 The tissue distribution of KATP subunit isoforms and 
their interactions with second generation SUs is shown in Table I.

TableI: Tissue distribution of SU receptors4,5,10

Tissue SUR/Kir Isoform Blocked by

Pancreatic ß-cell SUR1A/Kir6.2
SUR1B/Kir6.2

All SUs and 
meglitinides
Glibenclamide, 
glimepiride

Cardiac muscle SUR2A/Kir6.2 Glibenclamide, 
glimepiride 

Skeletal muscle SUR2A/Kir6.2 Glibenclamide, 
glimepiride

Vascular smooth 
muscle

SUR2B/Kir6.1 Glibenclamide, 
glimepiride

Non-vascular smooth 
muscle

SUR2B/Kir6.2 Glibenclamide 

Brain SUR12B/Kir6.2 -

Gliclazide blocks SUR1A reversibly and this action is credited 
for its lower hypoglycaemic potential. Although glimepiride 
is non-specific in its interaction with the SUR subunit, it has a 
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lower affinity for the SUR than glibenclamide. This is believed to 

result in lower inhibition of KATP channels and less hypoglycaemic 

potential.13,14 

Apart from KATP binding, all SUs except gliclazide also interact 

with exchange protein directly activated by cAMP (Epac2), which 

induces additional glucose-independent insulin exocytosis.7

The tissue specificity, reversible binding and lack of Epac2 

interaction of gliclazide is credited chemically to its fewer 

hydrophobic domains and the lack of a benzamide moiety, 

and provides a pharmacological expectation for lower rates of 

hypoglycaemia and better cardiovascular (CV) safety.

The pharmacology of the second-generation SUs is summarised 

in Table II. Note that:

1. Glibenclamide and glimepiride have active metabolites with 

hypoglycaemic potential; gliclazide does not.

2. Despite similar metabolism and excretion to other SUs, 

glibenclamide has also been reported to accumulate in 

pancreatic ß-cells and to continue to stimulate insulin 

secretion during hypoglycaemia, leading to delayed 

recovery.15,16

9.2.5 Glycaemic efficacy

A 2014 Cochrane systematic review and meta-analysis of 
randomized clinical trials found no difference in the glycaemic 
efficacy of second generation SU monotherapy when compared 
with metformin monotherapy.23 

A 2013 meta-analysis of SU monotherapy trials found a mean 
HbA1c reduction of -1.5% compared to placebo.24 However 
this meta-analysis included 1st generation SUs, studies of short 
duration (three months or longer) and some trials had a very 
small number of participants. Other meta-analyses consistently 
show an approximate 1% reduction in HbA1c with second 
generation SUs when used as monotherapy or combination 
therapy with non-insulin agents.25–28

Two systematic reviews and meta-analyses of gliclazide studies 
demonstrated equivalent, if not slightly better, glycaemic 
efficacy compared with other SUs.29,30

The most recent network meta-analysis of comparative efficacies 
of glucose lowering drugs (GLDs) reports the following mean 
[95% CI] HbA1c reductions for SUs:28

As monotherapy (vs. placebo): -0.83 [-0.64 to -1.02]

As dual therapy: -1.25% [-0.76 to -1.72]

Table II: Comparison of second-generation SU drugs in available in South Africa

Glibenclamide17 Gliclazide18 Gliclazide-MR18 Glimepiride19 Glipizide20

Chemical 
structure

Benzamide and 
sulphonyl moiety

Sulphonyl moiety only; fewer 
hydrophobic domains

Benzamide and sulphonyl moiety Benzamide and 
sulphonyl moiety

ß-cell (SUR1)and 
cardiac (SUR2A 
selectivity

Non-selective Selective for SUR1A; reversible binding Non-selective Selective for SUR1

Epac2 binding Yes No Yes Yes

Protein binding 99% 95% >99% >90%

Peak 
concentration 
(hours) 

3-4 4-6 6 -12 2-3 1-3

Elimination 
half-life (hours)

10-16 10-12 16 5-8 2-4

Metabolism Hepatic Hepatic Hepatic Hepatic Hepatic

Metabolites 2 active 
metabolites21

6 inactive metabolites 2 metabolites; 1 active Inactive 
metabolites

Excretion of 
metabolites 

50% renal 
50% biliary

60-70% renal
10-20% biliary

60% renal 
40% biliary

80% Kidney
20% biliary

Duration of 
action2

16-24 hours 10-24 hours 24 hours 16-24 hours 12-24 hours

Tablet size 5 mg 80 mg 30 & 60 mg 1, 2 & 4 mg 5 mg

Minimum daily 
dose

2.5 mg 40 mg 30 mg 1 mg

Maximum dose 10 mg BD 160 mg BD 120 mg OD 8 mg OD 20 mg BD

Cheapest 
generic SEP* for 
maximum dose22

R35.00 R93.00 R123.00 R315.00 None available

Originator SEP* 
for maximum 
dose22

Euglucon®

R426.00
Daonil®

R572.00§

Diamicron®

R177.00
Diamicron MR®

R231.00
Amaryl®

R938.00
Minidiab®

R868.00

SUR=SU receptor; Epac= exchange protein directly activated by cAMP ; OD=once daily; BD= two times a day; SEP= single exit price; *Issued by Department of health and 
updated periodically as per South African regulations; for updated prices please consult The South African Medicines Price Registry. §Discontinued as at 2017
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 9.2.6 Hypoglycaemia

General

Inherent trial bias, publication bias, incomplete reporting and 
varying definitions of hypoglycaemia (less than 3.9, 3.5, 3.3, 
3.1 and 2.8 mmol/L) hamper direct comparisons of the rates of 
hypoglycaemia across different randomised controlled trials 
(RCTs). Changing the cut point that defines hypoglycaemia can 
have a dramatic effect on results.31 

Observational and epidemiological data have identified severe 
hypoglycaemia as a risk factor for poorer CV and mortality 
outcomes, though causality has not been proven.32 The clinical 
significance of mild and moderate hypoglycaemia on clinical 
outcomes in type 2 diabetes is not known, but it is a predictor for 
severe hypoglycaemia and must therefore be avoided. Severe or 
major hypoglycaemia in a trial setting has usually been defined 
as blood glucose <2.8 mmol/L and/or hypoglycaemia that 
requires external assistance.

SUs are consistently associated with higher rates of 
any hypoglycaemia when compared with metformin 
monotherapy.23,28    This is reflective of its mode of action as glucose-
independent insulin secretagogues. Data from UKPDS showed 
that 17% of SU treated patients reported hypoglycaemia,33 and 
over 10 years 1.4% to 2.5% of glibenclamide treated patients 
experienced at least one episode of severe hypoglycaemia per 
year.34,35 A meta-analysis of SU RCTs revealed that 10% of users 
reported hypoglycaemia (<3.1 mmol/L).36

Hypoglycaemia data from RCTs can be misleading because 
they often exclude high-risk patients in favour of more highly 
motivated patients, and have more intensive monitoring. A more 
real-world systematic review and meta-analysis from population 
based studies showed that the for treatment regimens that 
included a SU, the prevalence of mild-to-moderate and severe 
hypoglycaemia was 30% and 5% respectively. The incidence was 
200 mild-to-moderate events/100person-years and 1.0 severe 
event/100 person-years.37 

Comparison of SUs.

Glibenclamide has been consistently associated with a 
higher hypoglycaemia risk among the second-generation 
SUs, particularly in older persons and in those with renal 
impairment.38–42 This has led to its removal from the World Health 
Organisations Essential Medicines List.43 The American Geriatrics 
Society’s Beers Criteria lists a strong recommendation based 
on high quality evidence that glibenclamide be avoided in the 
elderly due to the potential risks.44 In the meta-analysis by Gangji 
et al. the estimated increased relative risk for hypoglycaemia with 
glibenclamide versus other SUs was 1.83 [95% CI 1.35–2.49].41 

Gliclazide and glimepiride has been reported to have an eight-
fold lower hypoglycaemic risk than glibenclamide.42,45 In a head-
to-head comparison the European GUIDE study demonstrated 
that gliclazide modified-release also had lower rates of 
hypoglycaemia (BG < 3.0 mmol/l) than glimepiride with similar 
glycaemic efficacy. No episodes of severe hypoglycaemia were 

noted in this study.46 Table III lists the estimated hypoglycaemic 
risk with second-generation SUs.47 

Systematic reviews and meta-analyses that included gliclazide 
(including the modified-release formulation) compared to other 
SUs and oral glucose lowering drugs have confirmed that it has 
the lowest hypoglycaemic potential in its class, with equal if not 
better glycaemic efficacy.29,30,36 However the number of severe 
hypoglycaemic events in these studies was extremely low with 
all therapies. The Schopman meta-analysis specifically examined 
hypoglycaemia outcomes and found that 10% of SU users 
experienced mild hypoglycaemia (defined as BG < 3.1 mmol/L) 
and 0.8% experienced severe hypoglycaemia (requiring external 
assistance). Gliclazide users had the lowest rate of mild and 
severe hypoglycaemia (1.4% and 0.1% respectively). Equivalent 
figures for glimepiride was 15.5 and 0.9% respectively.36

The ADVANCE study randomised 11 140 type 2 diabetes patients 
with high CV risk, a mean age of 66 years and disease duration 
of 8 years to either intensive treatment using a gliclazide 
modified-release strategy (75% used a dose of 120 mg daily) or 
conventional therapy.70 The intensive treatment group achieved 
an HbA1c of 6.5% over 5 years of follow-up. Despite this rather low 
glycaemic target for this population (by current standards), the 
rate of severe hypoglycaemia was 0.7 episodes/100 patients/year 
compared to 0.4 episodes/100 patients/year in the conventional 
treatment group whose mean HbA1c was 7.3%. The proportion 
of patients who experienced any hypoglycaemic episode was 
53% for intensive gliclazide modified-release based treatment 
vs. 38% for conventional therapy. We therefore recommend 
that even gliclazide modified-release, the SU with the lowest 
hypoglycaemic potential, be used with caution when the target 
HbA1c is 6.5% or less.70

Factors that increase the risk of hypoglycaemia include exercise, 
increased age, presence of co–morbidities, hypoglycaemia 
unawareness, missed meals, excessive dieting or weight loss, 
alcohol, and diabetes duration and renal impairment.36,48

Multiple reports from a single study group using a single 
database (United Kingdom Clinical Practice Research Database 
– UKCPRD) have questioned the superior safety of gliclazide.48–52 
However, these are all observational studies, where gliclazide 
users are over-represented (80% of SU use is gliclazide), subjects 
are not matched, confounding by indication cannot be excluded, 
and residual confounding factors cannot be corrected for. Their 
data will need to be replicated in a controlled trial before being 
considered reliable. 

Table III: Rates of severe hypoglycaemia with SUs (<2.8mmol/L)47

SU Prevalence 
(proportion of 

patients)

Incidence 
(episodes/100-patient 

years)

Gliclazide 4.6% 0.86

Glipizide 8.0% 8.70

Glimepiride 11.5% 0.87

Glibenclamide 24% 16.00
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9.2.7 Weight

In a systematic review and meta-analysis SU therapy was 
associated with a mean weight gain of 2.31 kg (95% CI  
1.31- 3.32).24 In the UKPDS the mean weight gain in patients 
assigned glibenclamide therapy was 1.7 kg over 10 years. In the 
ADVANCE study using gliclazide modified-release as the base 
therapy was not associated with weight gain.70 The Landman  
et al.30 meta-analysis of gliclazide RCTs demonstrated a 0.47kg 
mean weight gain when compared to controls. 

9.2.8 Microvascular and macrovascular outcomes

9.2.8.1 Randomised controlled trials

In the UKPDS, intensive treatment with SUs (glibenclamide, 
chlorpropamide or glipizide) over 10 years in newly diagnosed 

diabetes resulted in a 0.9% HbA1c difference and a 25% reduction 
of microvascular complications compared to standard treatment, 
where pharmacological intervention only occurred when the 
fasting plasma glucose exceeded 15 mmol/L.34 In this RCT, these 
SUs had no macrovascular or mortality benefit compared to diet 
alone. This trial was designed to study the effect of intensive 
glycaemic control, and was not designed or powered to examine 
the safety of one drug class against another.53 

The report of glibenclamide and chlorpropamide compared to 
metformin in obese patients (UKPDS 34 secondary analysis)35 
has been discussed in the section on metformin (see 9.1.3). It is 
not possible to determine definitively from this study whether 
the better results with metformin was due to a beneficial 
effect of metformin or a harmful effect of glibenclamide and 

Table IV: Summary of meta-analyses of SUs and cardiovascular safety

Meta-analysis Type and no. of studies 
included 

SU vs. comparator Outcome examined Pooled point estimate 
[95%CI]§

Gangji et al., 200741 RCT (21) Glibenclamide vs 
secretagogues or insulin

CV events 0.84 [0.56–1.26]

Selvin et al., 200856 RCT (5) SU vs no SU CV Mortality 0.92 [0.68 – 1.26]

RCT (6) SU vs no SU All Cause Mortality 0.90 [1.10 – 1.85]

RCT (5) SU vs no SU CV morbidity 0.89 [0.71 – 1.11]

Rao et al., 200862 Observational (4) SU+Met vs. diet, Met 
monotherapy, SU 
monotherapy

CV Mortality 1.29 [0.73 – 2.27]

Observational (7) All-cause mortality 1.19 [0.88 – 1.62]

Observational (5) CV mortality and 
hospitalisation

1.43 [1.10 – 1.85]

Phung et al., 201357 Observational (9) SU vs no SU CV Mortality 1.27 [1.18 – 1.34]

RCT (7) SU vs no SU CV Mortality 1.22 [0.63 – 2.39]

Monami et al., 201360 RCT (30) SU vs no SU MACE 1.08 [0.86 – 1.36]

RCT (37) SU vs no SU All-cause mortality 1.22 [1.01 – 1.49]

Hemmingsen et al., 
201323

RCT (3) SU monotherapy vs Met CV Mortality 1.47 [0.54 – 4.01]

RCT (6) SU monotherapy vs Met All-cause mortality 0.98 [0.61 – 1.58]

RCT (6) SU monotherapy vs Met CV Morbidity 0.67 [0.48 – 0.93]

Forst et al., 201363 Observational (4) SU vs no SU CV Mortality 2.72 [1.95 – 3.79]

Observational (12) SU vs no SU All-cause mortality 1.92 [1.48 – 2.49]

Zhang et al., 201461 RCT (4) DPP-4i vs SU CV events 0.53 [0.32 – 0.87]

Simpson et al., 201558 RCT (7)
Observational (7)

Glipizide vs glibenclamide CV Mortality 1.01 [0.72 – 1.43]

All Cause Mortality 0.98 [0.80 – 1.19]

Glimepiride vs 
glibenclamide

CV Mortality 0.79 [0.57 – 1.11]

All Cause Mortality 0.83 [0.68 – 1.00]

Gliclazide vs glibenclamide CV Mortality 0.60 [0.45 – 0.84]

All Cause Mortality 0.65 [0.53 – 0.79]

Rados et al., 201659 RCT (37) SU vs no SU All Cause Mortality 1.12 [0.96 - 1.30]

RCT (37) CV Mortality 1.12 [0.87 - 1.42]

RCT (23) Myocardial infarction 0.92 [0.76 - 1.12]

RCT (23) Stroke 1.16 [0.81 - 1.66]

Palmer et al.,201628 RCT (25) SU monotherapy vs Met* CV Mortality 1.25 [0.59 - 2.67]

All-cause mortality 1.19 [0.81 - 1.75]

RCT (26) Dual therapy: Met + SU vs 
Met + non-SU**

CV Mortality 1.00 Reference

All-cause mortality 1.00 Reference

SU=SU; CI=confidence interval; RCT= randomised controlled trial; CV=cardiovascular; Met=metformin
§95% Values <1.00 favour SU safety; Confidence Interval: statistically significant if the interval does not cross 1.00 (bold italics)
*Other monotherapies (TZD, DPP-4i, SGLT2i, AGI, meglitinides and placebo vs metformin were not significantly different to SU vs metformin).
**For 2nd line therapy, metformin + SU was used as reference; metformin + any one of TZD, DPP-4i, SGLT2i, GLP-1RA, meglitinides and placebo was not significantly 
different to the Met + SU combination
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chlorpropamide (the argument being that the benefits of HbA1c 
reduction on macrovascular disease and mortality with these SUs 
may have been negated by the harmful effects of these drugs). 
This has added to the speculation from the University Group 
Diabetes Program (UGDP), which reported (controversially) a 
higher CV mortality with tolbutamide, that SUs as a class have 
harmful CV effects.54

The ADVANCE study, using a gliclazide modified-release 
strategy, demonstrated a significant reduction in microvascular 
outcomes (and therefore also the combined microvascular 
and macrovascular outcomes), driven mainly by the reduction 
in the incidence of nephropathy.70 Another study indicated 
potential renal risks for elderly patients using glimepiride versus 
gliclazide.39 

Rosenstock et al. reviewed 15 published RCTs that were of 
≥72- week duration and included SU therapy versus an active 
comparator (incl. metformin, DPP-4i, GLP-1RA, TZD and insulin) 
or as part of a treatment strategy.55 None of them reported an 
increased CV risk with SU use.  However, some of the studies (e.g. 
UKPDS and ADVANCE) studied the effect of intensive control 
vs. less intensive control, and were not designed or powered 
to demonstrate safety of SUs against other therapies, so that 
any benefit (or lack of harm) might be credited to improved 
glycaemic control rather than the SU. In the studies that did 
target equivalent glycaemic control, none of them were powered 
to demonstrate CV safety, and there was inconsistency in CV 
event reporting and adjudication. 

More formal systematic reviews and meta-analyses of RCTs 
examining the CV risk/safety of SUs have also generally not 
demonstrated an increased or reduced CV risk with second 
generation SUs23,28,41,56–59 (Table IV).  One meta-analysis showed 
an increase in all-cause mortality,60 one showed a reduction in 
non-fatal CV events,23 and one showed a lower CV risk lower with 
DPP-4-inhibitors compared to SUs.61 However they suffer the 
same weaknesses of the underlying RCTs analysed (design flaws, 
inadequate follow-up, selection-bias, inconsistent reporting 
of CV events, varying definitions and event adjudication, 
publication bias), and the heterogeneity in these analyses has 
generally been quite high, thus reducing their reliability.12 

Observational Studies

Observational studies have the advantage of representing more 
“real-world” population data rather than the highly selected 
populations of industry-sponsored drug trials. Abdelmoneim et 
al. has listed the 68 published observational studies on SU use 
and CV outcomes to January 2015 in a supplementary table.12 
Table IV summarises the meta-analyses of these observational 
studies, which, in contrast to extrapolated RCT data, mostly 
suggest an increased CV and mortality risk (up to 379%) with SU 
use.57,62,63 Abdelmoneim et al. discusses the inherent weaknesses 
of observational studies particularly in relation to SUs and CV 
outcomes.12 

Data from observational studies can never be used as proof of 
causality; it merely generates a hypothesis that then needs to be 
proven in a suitably designed RCT. In the absence of such suitably 

designed trials, the strong signal from these observational studies 
cannot be ignored. One of the additional weaknesses of studies 
examining SUs and CV risk is that the SUs are often examined as a 
homogeneous class when in fact their pharmacology does differ. 
It is reassuring then, that the observational studies that report 
CV risk with different SUs have consistently reported better 
outcomes with gliclazide when compared to other SUs.64–68 The 
better CV safety of gliclazide has been confirmed in the meta-
analysis by Simpson et al.58

In summary, the inherent weaknesses of both the meta-analyses 
of RCTs not designed to investigate the CV safety of SUs, and 
the weaknesses of observational studies means that there is no 
definitive answer as to the CV safety or risk of SUs as a class. The 
ongoing CAROLINA trial is comparing linagliptin and glimepiride 
in a dedicated CV safety design and will hopefully lend more 
clarity to this issue.55 In the meantime the balance of probabilities 
must rest with RCTs, which favour CV safety. The ADVANCE study 
rather than UKPDS more closely resembles the day-to-day use of 
SUs (as add-on therapy), and this trial did not show evidence of 
CV harm.70 Even if the observational data on higher CV risk with 
SUs are true, from a meta-analysis the same data the risk with 
gliclazide is lower than glibenclamide and glimepiride, and not 
different to metformin.

9.2.9 Pleiotropic effects and non-glycaemic benefits

Gliclazide has been shown to have additional pleiotropic 
effects:18

1. Extra-pancreatic effects on glucose metabolism

a. Increase peripheral insulin sensitivity and increases 
muscle glucose uptake by +35%, due to its effect on 
muscle glycogen synthetase and a post-transcriptional 
action on GLUT4 glucose carriers.

b. Decreases hepatic glucose production, leading to an 
improvement in fasting blood glucose levels

2. Haemovascular effects: Gliclazide decreases microthrombosis 
by two mechanisms which may be involved in complications 
of diabetes:

a. A partial inhibition of platelet aggregation and adhesion

b. A restoration of the vascular endothelium fibrinolytic 
activity with an increase in t-PA activity. 

c. Antioxidant effects: A controlled clinical study in diabetics 
has confirmed the antioxidant effects of gliclazide i.e. 
a reduction in plasma levels of lipid peroxides and 
an increase in the activity of erythrocyte superoxide 
dismutase.

3. Cancers: Data about an increased cancer risk with SUs 
and insulin are unclear. Nevertheless, the cancer risk with 
gliclazide has been shown to be lower than insulin and other 
SUs.2,8 

9.2.10 The choice of SU 

SUs are one of the more effective glucose lowering drugs that 
can improve glycaemic control rapidly. They are relatively 
inexpensive, have a long history of clinical use, and are relatively 
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simple to use. Their clinical use predates the US Food and Drug 
Administration (FDA) regulatory requirement for proven CV 
safety,69 and there are no suitably designed trials that have 
examined this issue specifically. What we do know for now, is that 
there is at least some data to suggest that SUs may increase CV 
risk, and that there is a plausible mechanism by which this might 
occur (hypoglycaemia and SUR binding on cardiac myocyes). How 
then, can we best manage this potential risk? Firstly, we should 
use the SU with the lowest risk for hypoglycaemia. Secondly, we 
should favour SUs with proven outcomes and the best evidence 
for CV safety, especially when combined with metformin. Thirdly, 
a SU with the best renal safety is highly preferable to minimise 
inappropriate prescribing and dosing, particularly at primary care 
level. Fourthly, we should prefer, at least on theoretical grounds, 
a SU that does not interact with cardiac myocytes. Additional 
considerations would be potential non-glycaemic benefits, 
once daily dosing to improve compliance and adherence, and 
availability of cost-effective generic medicines.

Based on our review of the SU data, we make the following 
observations:

1. Gliclazide and its modified-release formulation has 
demonstrated the lowest hypoglycaemic potential in the 
SU class, in head-to-head RCTs,46 meta-analyses29,30,36 and 
observational studies.45 The rate of severe hypoglycaemia 
with gliclazide is very low (estimated at 0.1%). 

2. The WHO has concluded that the adverse safety profile 
of glibenclamide, especially in older patients, warranted 
it being replaced by gliclazide on the WHO Essential 
Medicines List.43 The The American Geriatrics Society makes 
a strong recommendation based on strong evidence that 
glibenclamide is unsafe and must not be used in older 
patients.44 

3. A gliclazide modified-release based intensive treatment 
strategy has proven microvascular benefit and macrovascular 
safety in a long term RCT that included older type 2 
diabetes patients, patients at high CV risk, and those taking 
concomitant metformin therapy.70 Glimepiride may have 
adverse renal outcomes in some sub-populations of type 2 
diabetes patients.39

4. In observational studies and meta-analyses of SU-related 
CV safety, gliclazide has been shown to have a better safety 
profile than glibenclamide and glimepiride.64–68 

5. There has been no evidence of an adverse safety signal 
with a gliclazide-metformin combination (as exists for 
glibenclamide).35

6. The gliclazide dose does not require adjustment in CKD and 
can be used even in stage 5 CKD; glimepiride either should 
not be used or will need dose adjustments in Stage 3 CKD 
or worse; glibenclamide must not be used in stage 3 CKD or 
worse.71–73 (vide infra)

7. Gliclazide and its modified-release formulation do not 
bind SUR2 on cardiac myocytes; this potentially harmful 
interaction therefore does not exist for gliclazide2,4–9 (and 
possibly explains it better CV safety).

8. Gliclazide and its modified-release formulation have 
beneficial pleiotropic effects, not all of which are shared by 
the other SUs. 

9. Gliclazide MR is dosed once daily, reduces the pill burden 
and can improve adherence and compliance with therapy.

10. Gliclazide MR is available in South Africa as cost-effective 
generic tablets. In the private health sector gliclazide MR 
is significantly less expensive than generic glimepiride 
tablets or glipizide. Using the most inexpensive formulations 
available at maximum recommended doses, glimepiride is 
currently 256% more expensive, while glipizide is 933% more 
expensive than gliclazide modified-release (Table II).22

Based on these observations we strongly recommend that 
gliclazide MR should be the SU of choice at primary care level 
and that glibenclamide must not be used at primary health care 
level.

9.2.10 Indications for use

SEMDSA recommends that gliclazide modified-release be 
considered for use only when the target HbA1c is greater than 
6.5% in the following situations: 
1. As monotherapy (first-line)

a. In patients who have intolerable side-effects with 
metformin and its extended-release formulation, or 
when metformin is contraindicated.

b. In patients with symptoms attributable to hyperglycaemia 
when rapid symptom control is desirable (these patients 
will often need initial dual therapy with metformin and 
gliclazide modified-release).

c. In non-obese patients gliclazide modified-release is an 
acceptable alternative first-line therapy.

2. As add on (second-line) to metformin or other initial drug 
therapy in patients not achieving or maintaining their 
glycaemic targets.

3. As a third glucose lowering drug in patients not achieving or 
maintaining their glycaemic targets on a two drug regimen 
that does not already include a SU.

9.2.10 Dosing and prescribing

Dosing
1. The usual starting dose for gliclazide modified-release is 30 

to 60 mg administered once daily with the morning meal. 
Consider starting with the higher dose when the HbA1c 
target is >0.5% from the patient’s prevailing HbA1c level. 

2. The dose can be escalated by 30 to 60 mg every 1 to 4 weeks, 
guided by fasting glucose levels. 

3. The maximum dose is 120 mg administered once daily with 
the morning meal.

4. The 60 mg tablets are scored and can be broken to improve 
cost effectiveness.

Prescribing in chronic kidney disease

Glibenclamide and glimepiride have active metabolites that 
accumulate when renal function is impaired. Gliclazide and 
glipizide do not have active metabolites. The most recent 
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guidelines on SU dose adjustments in renal disease are 
summarised in Table V.71–73

Special precautions and side effects
1. Hypoglycaemia

a. Use with caution when the target HbA1c is ≤ 6.5% as the 
risk of hypoglycaemia may be unacceptably high.

b. If mild hypoglycaemia occurs unexpectedly (e.g. not 
due to unplanned missed meals or unplanned exercise), 
reduce the dose by 30 to 60 mg.

c. A single episode of severe hypoglycaemia or recurrent 
episodes of mild hypoglycaemia would be a strong 
indication to switch to an alternative glucose lowering 
drug.

2. Although renal dose adjustments may not be necessary with 
gliclazide modified-release, caution is still advised especially 
when the eGFR is < 30 ml/min/1.73m2. In any case, these 
patients must be managed at specialist care level, and not at 
primary care level. 

3. Serious adverse drug reactions include pancytopenia, 
thrombocytopenia, hepatitis, cholestatic jaundice, pyrexia, 
pancreatitis and skin reactions. These are very rare

4. A history of allergy to sulphonamide antibiotics is not a 
contraindication to gliclazide modified-release use as the 
cross-reactivity is low.74

5. All SUs are contra-indicated in advanced liver disease 
because of their hepatic metabolism and biliary excretion.

Authors: Aslam Amod and Fraser J Pirie
Editors: Zaheer Bayat, Ankia Coetzee, Nazeer A Mohamed,  
Joel A Dave, Tanya E Kinvig
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SEMDSA GUIDELINES

9.3.1 History

The thiazolidinediones are also known as TZDs or glitazones. The 
prototypical TZD was ciglitazone developed in the early 1980’s 
but this drug was never marketed. 

Troglitazone was the first TZD to be approved for clinical use by 
the US Food and Drug Administration (FDA) in 1997 despite its 
potential liver toxicity. The drug was embarrassingly withdrawn 
by the FDA in 2000 because of idiosyncratic and often fatal 
hepatotoxicity.1 

Rosiglitazone was released in 1999 and was popular in the US 
until a meta-analysis reported its association with a higher 
risk of myocardial infarction and possibly cardiovascular 
mortality.2 The European Medicines Agency recommended the 
suspension of rosiglitazone in 2010, at which time the drug was 
also withdrawn from the UK and India. The Medicines Control 
Council resolved to withdraw rosiglitazone from the South 
African market on 03 June 2011.3 The FDA responded in 2010 by 
imposing sales and distribution restrictions on rosiglitazone and 
ordered an independent analysis of the RECORD trial4 results. 
The Duke Clinical Research Institute conducted this analysis 
and found no statistical difference in cardiovascular outcomes 
with rosiglitazone versus a sulphonylurea when combined with 
metformin. These re-adjudicated results could not dismiss an 
increased risk of heart attack with rosiglitazone versus placebo, 
because the trial did not use a placebo. The FDA has since lifted 
the distribution restrictions on rosiglitazone in the US, with a 
“black-box” label warning that the data on the risks of myocardial 
ischaemia remain inconclusive.5 The decision to lift restrictions has 
been supported subsequently by a post hoc analysis of the BARI 
2D trial, in which 992 subjects on rosiglitazone had no significant 
change in the rate of myocardial infarction, with a trend toward 
benefit, as well as a 64% reduction in the risk of stroke and a 28% 
reduction in the risk of the composite cardiovascular endpoint 
(death, MI and stroke).6 A review of some of the observational 
data used in the meta-analyses that discredited rosiglitazone 
have been shown to have important deficiencies. Nevertheless, 
it is unlikely that rosiglitazone will regain popularity, as it offers 
no unique advantages over pioglitazone. 

Pioglitazone was also released in 1999 and has an equally 
chequered history albeit for different reasons. It is the only 
TZD available in South Africa. The 2012 SEMDSA guideline did 
not include pioglitazone in the treatment algorithm mainly 
because of unresolved concerns regarding bladder cancers.7 
This information has been updated and reviewed, and the 

current evidence favours overall benefit over risk. Pioglitazone is 
therefore included as a treatment option in the current guideline.

9.2.2 Mode of action and pharmacology

Pioglitazone acts via activation of specific nuclear receptors called 
peroxisome proliferator activated receptor-gamma (PPARγ). This 
PPARγ agonist activity leads to increased transcription of proteins, 
which augment the post-receptor actions of insulin mainly fat 
cells (which are rich in PPARγ nuclear receptors) but also in liver 
and skeletal muscle cells. Pioglitazone is therefore a true insulin-
sensitiser. It reduces hyperinsulinaemia and improves pancreatic 
ß-cell function. Treatment with pioglitazone has been shown 
to reduce hepatic glucose output and to increase peripheral 
glucose disposal in the presence of insulin resistance.8 

Pioglitazone is rapidly absorbed after oral administration and 
absorption is not influenced by food. It reaches peak plasma 
concentrations within two hours. It is metabolised by hepatic 
hydroxylation and oxidation. Its metabolites (unlike troglitazone) 
are not hepatotoxic and have dual biliary and renal elimination 
(55% and 45% respectively). No dose adjustment is necessary 
with renal impairment.9,10 

9.2.5 Glycaemic efficacy11,12

As monotherapy (vs. placebo): reduces HbA1c by a mean of -0.9% 
(up to -1.7%)11,12 and is as effective as metformin.13

As dual therapy: reduces HbA1c by a mean of -1.2% (up to 
-1.7%)11,12 and not different to gliclazide over 2 years.14

As triple therapy: reduces HbA1c by a mean of 0.9% (up to -1.5%)

The durability of glycaemic control over three years has been 
shown to be better with rosiglitazone than glibenclamide15 and 
better for pioglitazone versus gliclazide over 2 years.14

9.2.6 Hypoglycaemia

Pioglitazone being an insulin sensitiser enhances the action of 
endogenous insulin which remains glucose-dependent (in the 
absence of therapy with insulin and insulin secretagogues). 
It does not cause significant hypoglycaemia when used as 
monotherapy or when combined with other non-hypoglycaemia 
provoking drugs (e.g. metformin, DPP-4 inhibitors, SGLT2 
inhibitors, alpha-glucosidase inhibitors).12

9.2.7 Weight

Data from a meta-analysis the average weight gain with 
pioglitazone as monotherapy was 2-3 kg over 1 year and 1.5 
kg when added to metformin.10 The mean weight gain with 
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pioglitazone over the three years of the PROactive study was  
3.6 kg.16 Weight gain with pioglitazone is dose dependent.17

Pioglitazone’s action on PPARγ receptors in adipose tissue leads 
to adipocyte differentiation and improved insulin sensitivity, 
both of which contribute to weight gain. The mechanism 
includes fluid retention and an increase in adipose tissue mass 
but the relative contribution of each mechanism is debated. 
Imaging studies consistently report a greater increase in 
peripheral adiposity and some studies have even reported a 
reduction in visceral adiposity.9 The increase in adiposity may 
be integral to the action of TZDs rather than an unwanted side 
effect. Improvements in insulin sensitivity, glycaemic control and 
cardiovascular outcomes have been positively correlated with 
weight gain.18,19 

9.2.8 Microvascular and macrovascular outcomes

The PROactive study was a secondary prevention prospective, 
RCT that assigned 5238 patients with type 2 diabetes and 
existing macrovascular disease equally to pioglitazone or 
placebo, in addition to their glucose-lowering drugs and other 
medications. The primary endpoint was the composite of all-
cause mortality, non-fatal myocardial infarction, stroke, acute 
coronary syndrome, endovascular or surgical intervention in the 
coronary or leg arteries, and lower limb amputation. Average 
duration of follow-up was 34.5 months. The composite primary 
endpoint was reduced by10% and was not significant due to 
the number of peripheral vascular interventions (considered a 
“soft endpoint”). The main secondary endpoint, the composite 
of all-cause mortality, non-fatal myocardial infarction, and stroke 
was reduced by 16% and was statistically significant. Essentially 
pioglitazone reduced all cardiovascular endpoints except 
peripheral vascular revascularisations.16

The results from pre-specified post-hoc analyses of subgroups in 
PROactive reported the following results: the 2,445 patients with 
previous myocardial infarction had a significant 28% decrease in 
recurrent MI and the 984 patients with previous strokes had a 
significant 47% reduction in recurrent stroke.20,21 Patients with 
CKD (eGFR <60 ml/min) also had better outcomes for both the 
primary and secondary endpoints, and similar benefit was also 
demonstrated in a retrospective study of dialysis-requiring 
patients.22,23 Only the patients with PAD at baseline in PROactive 
did not benefit from pioglitazone.24

A 2007 meta-analysis of RCTs of pioglitazone reported an 
18% relative risk reduction in the composite outcome (death, 
myocardial infarction, or stroke).25 In a 2017 meta-analysis 
including 9 trials with 12 026 participants pioglitazone therapy 
was associated with a significantly lower risk of major adverse 
cardiovascular events (non-fatal myocardial infarction, non-
fatal stroke and cardiovascular death), both in patients with 
pre-diabetes or insulin resistance, as well as those with type 2 
diabetes by 23% and 17% respectively.26

Observational studies have also reported significantly improved 
cardiovascular outcomes for pioglitazone compared to 
rosiglitazone, as well as metformin and SUs.27–29 

Pioglitazone is consistently associated with increased rates 
of hospitalisation for heart failure in CV outcomes trials when 
compared to placebo, but mortality for heart failure is not 
increased.16,25,30 In PROactive this meant that 5.7% of pioglitazone 
treated patients vs. 4.1% of patients receiving placebo developed 
heart failure (absolute risk increase = 1.6%). Patients older than 
65 years taking concomitant pioglitazone and insulin had the 
highest rate of CHF (9.7% for pioglitazone + insulin, 8.2% for 
insulin, 4.0% for placebo).10,16 The mechanism for CHF is with 
TZDs is the fluid retention that occurs in susceptible patients; 
there is no evidence of cardiac toxicity.30 This mechanism may 
also accounts for the slightly higher rates of macular oedema 
noted in some trials.31 

In summary, pioglitazone has been consistently associated with 
improved macrovascular outcomes but is also associated with 
higher rates of fluid retention, oedema and heart failure.

9.2.9 Pleiotropic effects and non-glycaemic benefits

Lipids: Pioglitazone treatment is consistently associated with 
improvements in triglycerides (-5 to -10%), HDL-cholesterol 
(+10 to +20%) and free fatty acids. Its effect on total and LDL-
cholesterol is neutral but it does change small dense LDL particles 
to larger more buoyant (less atherogenic) particles. It also tends 
to lower atherogenic apo-B100 containing particles.32,33 These 
effects are different to those seen with rosiglitazone which is 
associated with a more atherogenic lipid profile. These are the 
main reasons postulated for the better CV outcomes noted with 
pioglitazone versus rosiglitazone.

Blood pressure: Pioglitazone produces small but consistent 
reductions in systolic and diastolic blood pressure  
(3–5 mmHg after 12 months when added to either glimepiride 
or metformin).34

Non-traditional risk factors for CVD: Pioglitazone 
lowers C-reactive protein, increases plasminogen activator 
inhibitor-1 [PAI-1], increases adiponectin (anti-atherogenic), 
modulates plaque stability and improves endothelial function. 
Pioglitazone was also associated with significant reductions 
in microalbuminuria in the QUARTET studies when compared 
to metformin or gliclazide over 1-2 years.13,14 The clinical 
significance of these findings is supported by evidence of 
improved endothelial function, reduced carotid intima media 
thickness, and improvements in atheroma volume after coronary 
artery stent implantation (the CHICAGO and PERISCOPE trials 
using glimepiride as comparator).30

Non-alcoholic steatohepatitis (NASH): It is estimated that  
20-80% of obese type 2 diabetes patients have non-alcoholic fatty 
liver disease and that about 30% of these individuals have the 
more severe and progressive form (NASH). NAFLD is the leading 
cause of chronic liver disease worldwide, and is currently the 3rd 
leading indication for liver transplantation.35,36 Pioglitazone is the 
only drug proven to improve and reduce fibrosis in NASH and 
is currently the drug of choice in diabetes patients with NASH.37 
Paradoxically pioglitazone therapy itself can occasionally be 
associated with elevations of liver enzyme levels to above three 
times the upper normal limit. Abnormal liver function, if present, 
should be investigated prior to initiating treatment for diabetes 
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with pioglitazone. If the abnormality is due to NAFLD/NASH 
this would not constitute a contraindication to pioglitazone 
treatment; on the contrary it may be a compelling indication for 
its use. Patients suspected of having NASH should however be 
referred to a specialist as liver biopsy may be necessary prior to 
initiating therapy.

Pioglitazone treatment should be stopped if liver enzyme 
elevations to more than three times the upper normal limit occur 
after initiating therapy. 

Polycystic ovary syndrome (PCOS): Pioglitazone improves 
the insulin resistance associated with PCOS and may restore 
ovulation in anovulatory patients, and improve the concomitant 
metabolic abnormalities.38,39 These patients should be warned of 
this possibility.

9.1.7 Adverse Effects and Special Precautions

The clinical use of pioglitazone is limited by the risk of adverse 
events, including weight gain, CHF, bone fractures, and possibly 
bladder cancer.

Fluid retention, peripheral oedema and congestive heart 
failure

PPAR gamma receptors are present in the distal renal cortical 
collecting tubules and the TZDs lead to salt and water retention 
which may lead to fluid retention.30 This can lead to haemodilution 
(reduced haematocrit), peripheral oedema (~ 5% of users), and 
in susceptible patients (e.g. those with diastolic dysfunction or 
undiagnosed CHF) may precipitate or exacerbate overt heart 
failure. This incidence of fluid retention, peripheral oedema and 
cardiac failure is higher when pioglitazone is combined with 
insulin, and is also dose dependent. Peripheral oedema is rarely 
responsible for discontinuing pioglitazone (<1%) and responds 
to diuretic therapy. 

Pioglitazone should not be prescribed to patients at risk for CHF 
(history of any heart failure, diastolic dysfunction, elevated levels 
of pro-BNP, unexplained oedema or age >75 years). 

Bone fractures

TZDs have been associated with a higher risk of long bone 
fractures. A pooled analysis of adverse reactions from double-
blind RCTs in over 8100 pioglitazone and 7400 comparator 
treated patients reported an increased incidence in bone 
fractures in women on pioglitazone for up to 3.5 years. Fractures 
were observed in 2.6% of women taking pioglitazone compared 
to 1.7% of women treated with a comparator. 

The calculated fracture incidence from this pooled dataset 
was 1.9 fractures per 100 patient years in women treated with 
pioglitazone and 1.1 fractures per 100 patient years in women 
treated with a comparator. The excess risk of fractures for women 
on pioglitazone is therefore 0.8 fractures for every 100 patients 
treated for one year. In the PROactive study over 3.5 years the 
excess fracture risk was 0.5 fractures per 100 patient-years.

Some epidemiological studies have suggested a similarly 
increased risk of fracture in both men and women.10

The fractures are not at typical osteoporotic sites of spine and hip 
but instead distal fractures of the upper and lower extremities.9 
The mechanism for fractures may involve PPARγ effects on 
mesenchymal cell differentiation in bone and there does appear 
to be a cumulative dose effect on bone density with time.  The 
effects of TZDs on bone and fracture have been reviewed in 
detail.40

At present the risk appears small but definite, and pioglitazone 
should be avoided in patients with osteoporosis. Pioglitazone 
should also not be prescribed to women or men with risk factors 
for osteoporosis or fracture unless their bone density can be 
monitored. 

Bladder Cancer

Adverse event reporting to the FDA initially suggested a small 
but non-significant risk of bladder cancer with pioglitazone from 
Kaiser Permanente in 2011.41 In 2012 a French registry reported 
an increase in bladder cancer risk with pioglitazone and SEMDSA 
opted not to include pioglitazone as therapeutic option for 
primary care.42 

A six year follow-up of the PROactive study reported no excess 
cases of bladder cancer after excluding patients in whom 
exposure to study drug was less than one year.43 Similarly a  
16 year follow-up of the initial report from Kaiser Permanente in 
2015 did not confirm the initial report increased bladder cancer 
risk.44 These follow-up studies in patients who have continued 
to receive pioglitazone argue against a cumulative dose effect. 
Overall, the weight of current evidence cannot exclude a small 
increase in bladder cancer risk. At worst, from the French cohort 
study the risk of bladder cancer with pioglitazone treatment 
would increase from 42.8 to 49.4 cases of bladder cancer per 
100,000 person years i.e. 6.6 extra cases for every 100 000 
patients treated with pioglitazone for 1 year.

Risk factors for bladder cancer include heavy smoking, older 
age (>75 years), chronic cystitis, previous pelvic radiation and 
cyclophosphamide use. To mitigate against any risk of bladder 
cancer, pioglitazone should not be prescribed to these high-risk 
patients and those with unexplained haematuria. 

9.2.10 Recommendations

Indications
1. Consider pioglitazone as initial monotherapy in patients 

who have intolerable side-effects with metformin and 
its extended-release formulation, or when metformin is 
contraindicated.

2. Consider pioglitazone as add on (second-line) to metformin 
(or other initial drug therapy) in patients not achieving or 
maintaining their glycaemic targets, especially if:

a. The patient is at high risk for hypoglycaemia and/or its 
consequences.

b. There has been a history of severe hypoglycaemia or 
recurrent mild hypoglycaemia with gliclazide MR use. 

c. The patient has a history of a previous myocardial infarct, 
previous stroke or chronic kidney disease stage 3.
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3. Consider pioglitazone as a third glucose lowering drug 
in patients not achieving or maintaining their glycaemic 
targets on a two drug regimen that does not already include 
pioglitazone. Inform the patient that in South Africa this 
constitutes an “off-label” prescription but that the drug 
is registered for this indication outside of South Africa, 
and its use in this situation is endorsed by international 
guidelines.45,46 

4. The presence of NASH may be a compelling indication to 
use pioglitazone at any stage of diabetes; NASH should be 
managed in conjunction with a specialist (endocrinologist or 
hepatologist).

Dosing

Pioglitazone is available in 15 mg and 30 mg tablets. Start with  
15 mg or 30 mg administered once daily usually with the 
morning meal. The dose can be titrated every 1-3 months based 
on fasting glucose and HbA1c targets, as well as side effects. Fluid 
retention and (and the weight gain due it) are dose dependent 
side effects. Maximum dose is 45 mg if tolerated. 

Prescribing in chronic kidney disease

No dose adjustments are necessary for CKD and pioglitazone has 
demonstrated significantly improved CV outcomes in patients 
with CKD and those on dialysis.22,23 However the risk of fluid 
retention is greater and for this reason pioglitazone should 
not be used at primary care level when the eGFR is less than  
30 ml/min/1.73m2. 

Special precautions and side effects

Do not use pioglitazone at primary health care level if the patient:

1. Is > 75 years old (risk of CHF, fracture and bladder cancer)

2. Has a history of congestive heart failure, abnormal ejection 
fraction, diastolic dysfunction or unexplained oedema

3. Has a history of osteoporosis or has other risk factors 
for osteoporotic fractures (e.g. chronic corticosteroid or 
warfarin use; cigarette smoking, rheumatoid arthritis, cancer 
chemotherapy or radiotherapy, history of fragility fractures 
etc.). The menopause alone does not constitute a contra-
indication although bone density measurements should be 
performed in these patients, as per osteoporosis guidelines, 
prior to initiating therapy. 

4. Has a history of bladder cancer or haematuria that has not 
been investigated.

5. Has stage 4 or worse chronic kidney disease (risk of fluid 
retention).

6. Is using concomitant insulin therapy (risk of fluid retention).

7. Has elevated liver enzymes (ALT or AST > 2.5 times the upper 
normal limit) which have not been investigated.
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Introduction to incretin-based therapies

Incretins are hormones that are secreted into the circulation 
within minutes of exposure of the gastrointestinal tract lumen to 
ingested nutrients, resulting in augmentation of insulin release 
from the pancreatic beta-cells in a glucose-dependent manner. 
Two incretins have been identified as having an important role to 
play in glucose homeostasis. These are glucagon-like peptide-1 
(GLP-1) and glucose dependent insulinotropic peptide (GIP). 
Both GLP-1 and GIP are responsible for the observed “incretin 
effect” which is characterised by oral glucose having a greater 
stimulatory effect on of insulin secretion than intravenous 
glucose. The net effect of incretin production is to increase 
insulin-mediated glucose disposal in peripheral tissues and to 
suppress hepatic glucose production, both of which result in 
lowering of blood glucose. GLP-1 also suppresses glucagon 
production and, in pharmacological doses, can delay gastric 
emptying and reduce food intake. GLP-1 levels are abnormally 
low in patients with type 2 diabetes mellitus. Two classes of 
pharmaceutical agents exploit the beneficial effects of GLP-1 
and include the dipeptidyl peptidase-4 (DPP-4) inhibitors and  
GLP-1 receptor agonists. The DPP-4 inhibitors constitute a 
relatively new class of agents that enhance the options available 

for anti-hyperglycaemic therapy and are capable of addressing 
some of the unmet needs in diabetes.  

9.4.1 Mode of action of DPP-4 inhibitors

Endogenous GLP-1 has a short half-life of one to two minutes, 
as a result of rapid in-vivo degradation by the enzyme DPP-4. 
DPP-4 inhibitors are capable of inhibiting the degradation of 
endogenous GLP-1, thereby therapeutically raising circulating 
GLP-1 levels. When used alone, DPP-4 inhibitors do not cause 
hypoglycaemia, because its effects on insulin and glucagon 
secretion are glucose dependent.

9.4.2 Pharmacology

Table I compares the pharmacological properties of the three 
DPP-4 inhibitors that are available in South Africa. All of the 
DPP-4 inhibitors are dosed once daily with the exception that 
vildagliptin is dosed twice daily when not combined with a 
sulphonylurea. 

9.4.3 Glycaemic efficacy 

There are three DPP-4 inhibitors currently registered in South 
Africa and these drugs are all administered orally, once or 
twice daily. They have differing pharmacokinetic profiles but 
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Appendix 9.4: Drug review - Dipeptidyl peptidase-4 inhibitors
SEMDSA Type 2 Diabetes Guideline Expert Committee

Table I: Comparison of available DPP-4 inhibitors

DPP-4 inhibitor Saxagliptin Sitagliptin# Vildagliptin*

Trade name Onglyza® Januvia® Galvus® 

Half-life (t ½) +2.5 hrs +12 hrs 1.5-3 hrs

Usual Dose 5 mg once daily 100 mg once daily 50 mg once/twice daily*

Tablet size 2.5 mg, 5 mg 25 mg, 50 mg, 100 mg 50 mg

HbA1c Reduction$ 

(%) [95% CI] 
Monotherapy
Add-on to Met
Add-on to SU
Add-on to SU+Met

~ 0.59 [−0.8 to −0.38]
~ 0.58 [−0.76 to −0.41]
~ 0.72 [−1.22 to −0.22]
-

~ 0.78 [−0.95 to −0.62] ~ 0.65 
[−0.78 to −0.52]
~ 0.67 [−0.90 to −0.45]  
~ 0.89 [−2.41 to 0.63]

~ 0.6 [−0.80 to −0.40]
~ 0.48 [−0.92 to −0.05]
~ 0.83 [−1.07 to −0.61]
~ 0.76 [−1.01 to −0.51]

Liver Metabolism Liver metabolism Contraindicated 
in severe hepatic impairment

Minimal. No dose adjustment with 
hepatic impairment but caution 
advised.#

Contraindicated in moderate to 
severe liver impairment

Renal dose  GFR< 50 ml/min
2.5 mg once daily

GFR <50 ml/min
50 mg once daily
GFR <30 ml/min
25 mg once daily

GFR <50 ml/min
50 mg once daily

Adverse effects Headache, nasopharyngitis, 
urinary tract infections

diarrhoea, nausea, nasopharyngitis Dizziness, nasopharyngitis

SEP at maximum dose R 256.22 R 322.10 R 347.87

*Dose is 50 mg once daily when combined with a sulphonylurea; twice daily dosing is needed without sulphonylurea use.
# Despite the lack of hepatic metabolism, use with caution in moderate hepatic impairment and not recommended in severe hepatic impairment
$ Weighted mean difference at usual dose1

SEP - single exit price2

Table adapted from Chen et al3
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appear to have similar efficacy, and will reduce HbA1C modestly, 
by approximately 0.5-1.1% compared to placebo. Their main 
advantages are weight neutrality and the relatively low 
propensity for hypoglycaemia. 

9.4.4 Microvascular outcomes

There have been no microvascular outcome studies with DPP-4 
inhibitor therapy.

9.4.6 Macrovascular and mortality outcomes

Three studies (SAVOR-TIMI 53, EXAMINE and TECOS) using DPP-
4 inhibitors were designed to assess cardiovascular outcomes 
using these newer agents.4–6 All three studies revealed no 
increased cardiovascular risk and mortality rates were not 
elevated. However, an increased rate of hospitalisation for 
cardiac failure was significant in the SAVOR -TIMI 53 trial with 
saxagliptin, but this finding remains unexplained and merits 
further evaluation.5 Results from the CAROLINA and CARMELINA 
trials using linagliptin, are expected in 2018 and may provide 
more insight into the long-term outcomes associated with these 
agents. In the meantime, saxagliptin should not be prescribed in 
patients with, or at high risk for heart failure (e.g. severe coronary 
disease, known to have elevated pro-BNP).

9.4.5 Adverse events and precautions

The DPP-4 inhibitors are usually well tolerated. 

Infrequent: Infrequently reported side-effects in clinical trials 
include upper respiratory infection, nasopharyngitis and 
headache. 

Rare: Rare cases of pancreatitis have been reported in adverse 
event databases raising concerns about safety but observational 
studies have been inconclusive. Furthermore, recently published 
results from three large randomised controlled trials using 
saxagliptin, alogliptin and sitagliptin (SAVOR-TIMI 53, EXAMINE 
and TECOS respectively), have individually not shown an 
increased risk of pancreatitis.4–6 A meta-analysis of the trials 
suggests a statistically significant risk of pancreatitis, however 
the absolute risk is small. DPP-4 inhibitors are contraindicated a 
history of a serious hypersensitivity reaction to DPP-4 inhibitors, 

a history of acute, chronic or recurring pancreatitis, and those 
with pancreatic cancer.

9.4.7 Recommendations for DPP-4-inhibitor use

DPP-4 inhibitors can be employed as monotherapy in 
patients intolerant of metformin or where metformin 
use is undesirable. DPP-4 inhibitors can be used in 
combination with metformin as second-line agents, with 
a low risk of hypoglycaemia and weight neutrality being 
advantageous. Some DPP-4 inhibitors are approved 
for addition as third-line therapy after metformin and 
sulphonylurea or pioglitazone. They may be preferred 
in situations when the risk of hypoglycaemia or its 
consequences are too high, or when tolerability/adverse 
event risk limits the use of other treatment options. Some 
DPP-4 inhibitors are also available in fixed-dose combination 
tablets with standard-release metformin; these are dosed twice 
daily. The lower pill burden of a fixed-dose combination without 
the risk of hypoglycaemia, may improve adherence and facilitate 
targeting a lower HbA1C safely.
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The incretin effect is discussed in the introduction to incretin 

based therapies above (Appendix 9.4). The main advantage of 

GLP-1 receptor agonists (GLP-1RA) is glycaemic efficacy without 

weight gain or hypoglycaemia. Their non-glycaemic benefits 

include positive effects on weight loss, blood pressure and 

cholesterol levels.

9.5.1 Mode of action

GLP-1RAs are modified GLP-1 molecules are modified GLP-1 

molecules that have structural homology with endogenous 

GLP-1 but are resistant to the enzymatic cleavage by DPP-4, 

resulting in a longer duration of action. Pharmacological dosing 

and prolongation of the half-life results in persistent supra-

physiological levels of GLP-1, which increases insulin secretion, 

decreases glucagon release, enhances satiety and delays gastric 

emptying. 

9.5.2 Pharmacology

Table I compares the pharmacological and other properties 
of the two available in South Africa. They are both available 
only as injectables in the form of multi-dose pens, and are 
administered by subcutaneous injection; liraglutide is dosed 
once daily while exenatide is administered twice daily. The peak 
exenatide concentrations after meals results in a better post-
prandial glucose lowering compared to liraglutide which has 
better efficacy at lowering fasting glucose.1 This difference can 
be useful therapeutically in selected patients. 

9.5.3 Glycaemic efficacy and clinical use 

Exenatide and liraglutide are examples of GLP-1RAs that are 
currently available in South Africa. The main advantage is that 
unlike most other diabetes drugs, the GLP-1RAs promote weight 
loss and do not cause hypoglycaemia when used alone. The 
GLP-1RAs are approved for combination therapy with metformin 
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Appendix 9.5: Drug review - GLP-1 receptor agonists
SEMDSA Type 2 Diabetes Guideline Expert Committee

Table I: Comparison of available GLP-1 receptor agonists  

GLP-1 receptor agonist Exenatide Liraglutide

Trade name Byetta® Victoza® 

Amino acid sequence similarity to native GLP-1 53% 97%

Half-life (t ½) 2.5 hrs 11-15 hrs

Starting dose 5 ug BD for 4 weeks 0.6 mg OD for 1 week

Usual Dose 10 ug BD 1.2 mg OD
Max dose 1.8 mg OD

Route subcutaneous subcutaneous

Timing of dose Within 60 min before morning & evening meal; 
not after a meal

Any time of the day

HbA1c reduction (%) ~ 0.8 %2,3 1.2 mg – 0.8%1,4

1.8 mg – 1.1-1.3%1

Weight reduction (kg) 1.1-2.9 kg 2.1-2.6 kg

Non-responders (no weight loss)1 ~ 25% ~25%

Renal dose Do not use if eGFR <30ml/min No dose adjustment required **

Adverse effects1

- Diarrhoea (%)
- Nausea (%)
- Vomiting (%)

12.1
28.0
9.9

12.3
25.5
6.0

Single exit price (SEP) R 617.75 (10ug BD) R 1430.61 (1.2 mg OD)
R 2145.97 (1.8 mg OD)

When using a GLP-1RA in combination with sulphonylureas, a lower dose of sulphonylurea may be required as hypoglycaemia may occur more frequently.
**Post-marketing reports of acute kidney injury reported in patients with pre-existing kidney disease. Use with caution in patients with chronic kidney disease.
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and/or sulphonylureas. However, adding a GLP-1RA also remains 
an attractive option to intensify insulin therapy, especially when 
basal insulin is failing. Advantages of adding a GLP-1RA may 
include a reduction in total insulin requirements, lower risk of 
hypoglycaemia and possible weight-loss/prevention of weight 
gain when compared to intensifying insulin therapy with premix, 
basal-plus or basal-bolus. A systematic review and meta-analysis 
of randomised control trials comparing the combination of 
GLP-1RA and basal inulin to intensifying insulin therapy alone 
found greater reductions in HbA1C with combination therapy 
(WMD -0.47%; 95% CI -0.59 to -0.35) and a significant weight-
loss advantage (WMD -2.5 kg; 95% CI -3.3 to -1.7).5 Exenatide is 
registered for add-on therapy to basal insulin with or without 
oral antidiabetic therapy in South Africa. Exenatide is initiated at 
a dose of 5 ug BD, any time within 60 minutes before the morning 
and evening meals, but the maximum and most effective dose is 
10ug BD. The most cost-effective dose of liraglutide is 1.2 mg, as 
the 1.8 mg is only marginally more effective in lowering HbA1C.6–8

The LEAD 6 study compared Liraglutide 1.8 mg and exenatide  
10 ug twice daily as add-on therapy to metformin  
+ sulphonylurea.1 The mean HbA1C reduction was -1.1% for 
liraglutide vs. -0.8% for exenatide. Mean weight loss was similar 
(~3kg). Discontinuation rates for liraglutide and exenatide were 
14% and 19%, and more subjects experienced severe and serious 
adverse events with liraglutide (29/235) than exenatide (17/232); 
nausea was less persistent with liraglutide.1 There are no clinical 
trials comparing liraglutide 1.2 mg OD with exenatide 10 ug BD.

9.5.4 Microvascular outcomes

There are no dedicated microvascular outcome studies for 
GLP-1RAs. In the LEADER trial the incidence of a composite 
exploratory outcome of renal or retinal microvascular events was 
lower in the liraglutide group than in the placebo group (hazard 
ratio, 0.84; 95% CI, 0.73 to 0.97; P=0.02).9 This benefit was driven 
by lower rates of renal outcomes, such as new-onset persistent 
macroalbuminuria. With moderate differences in glycaemic 
control between the trial groups over a median 3.8 years of 
follow-up, the achievement of renal microvascular benefits raises 
uncertainty about whether this is related to better glycaemic 
control or a drug effect. In the LEADER trial, there was also a higher 
rate of retinopathy events with liraglutide than with placebo (HR 
1.15), although the difference was not significant.9 However, in 
the SUSTAIN 6 trial (using the GLP-1RA semaglutide), there was 
an unexpected higher rate of retinopathy complications in the 
semaglutide group though the actual overall numbers were 
small.10 There remains uncertainty about the microvascular 
effects of GLP-1RAs and more long-term studies addressing this 
issue are needed.

9.5.5 Macrovascular and mortality outcomes 

The cardiovascular outcomes trials with GLP-1RAs are all safety 
trials which have been mandated by regulatory authorities, and 
were primarily designed to demonstrate cardiovascular safety 
of the product when compared to conventional treatments plus 
placebo, at equivalent HbA1C, i.e. the trials are meant to test the 
safety of the drug, not the effect of improved glycaemic control. 
All of these trials recruited patients with either established 

cardiovascular disease or those who had multiple risk factors 
for cardiovascular disease. Results of these outcome trials are 
summarised in Table II. In the ELIXA trial, lixisenatide was non-
inferior to conventional glucose lowering therapy.11 In the LEADER 
trial, liraglutide 1.8 mg was superior to conventional treatment, 
and was associated with a 13% relative risk reduction (RRR) in the 
primary composite outcome (death from cardiovascular causes, 
nonfatal myocardial infarction, or nonfatal stroke – 3 point MACE) 
compared to placebo.9 HbA1C was not equivalent as there was a 
significant 0.4% HbA1C difference in in favour of liraglutide, so it 
is not possible to conclude whether the improvement was the 
result of better glycaemic control or a specific effect of the drug. 
The beneficial effect on the composite outcome was driven by 
a reduction in cardiovascular mortality (RRR=22%) and all cause 
mortality (RRR=15%); there was no difference in rates of nonfatal 
myocardial infarction, nonfatal stroke, and hospitalisation for 
heart failure. The calculated numbers needed to treat (NNT) to 
prevent one MACE, CV death and all cause death with liraglutide 
1.8 mg were 66, 104 and 98 respectively. 

In the SUSTAIN-6 trial the treatment effect of semaglutide  
0.5 and 1.0 mg (not yet available in South Africa) for a relatively 
short duration (2.1 years) in diabetic patients with high CV 
risk, resulted in a significant 26% lower risk of the primary 
composite outcome than did those receiving placebo.10 Similar 
to the LEADER trial, there was a significant HbA1C difference 
between treatment groups. In both SUSTAIN-6 and LEADER, 
the subgroups of patients without established cardiovascular 
disease did not benefit significantly from the intervention. There 
are no cardiovascular outcomes trials with exenatide. The EXSCEL 
trial is currently underway to examine the long-term effects of 
exenatide-LAR 2 mg weekly on cardiovascular and mortality 
outcomes.

GLP-1RAs are consistently associated with slight blood pressure 
lowering.The conclusion is that liraglutide and semaglutide have 
proven cardiovascular safety, and has evidence for improved 
cardiovascular outcomes when used to improve glycaemic 
control in patients with established cardiovascular disease. 

9.5.6 Adverse events and precautions

Common: The common side-effect on initiating GLP-1RA therapy 
is nausea and vomiting in up to 25% patients and this can be 
severe in some cases, leading to discontinuation in some (5-10%). 
It is usually transient (four to eight weeks), can be minimised by 
titrating up the dose slowly, and it responds to antiemetics. GLP-
1RAs should probably be avoided in patients with significant 
gastrointestinal disease, particularly gastroparesis. 

Rare but serious: Post-marketing reports of pancreatitis (<0.2%) 
with GLP-1RA therapy have emerged but it is not clear whether 
pancreatitis is directly related to therapy. A possible association 
with cholelithiasis may exist. Among the available GLP-1RA 
outcome studies which include SUSTAIN 6, LEADER and ELIXA 
studies, there were numerically higher numbers of patients with 
cancer of the pancreas in the GLP-1 treated groups compared 
to placebo, but this was not statistically significant.9–11 Therefore 
until further information becomes available, these drugs are 
best avoided in patients with a past history of acute or chronic 
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pancreatitis and pancreatic cancer, and in those at risk for 
pancreatitis (gallstones, pancreatic or biliary obstruction, or 
planned manipulation such as ERCP, excessive alcohol intake). 
Consider excluding cholelithiasis in high risk patients before 
adding GLP-1RA therapy. Patients should be warned to report 
symptoms suggestive of pancreatitis and discontinue the 
drug immediately on suspicion, and not to restart a GLP-1RA 
if the diagnosis of pancreatitis is confirmed. In animal models, 
liraglutide was associated with the development of C cell 
tumours. This has not yet been reported in humans. Nevertheless, 
liraglutide is contraindicated in patients with a history of MTC or 
multiple endocrine neoplasia (MEN) syndrome type 2.

9.5.7 Recommendations 

GLP-1RAs are a useful addition to the currently available 
antihyperglycaemic therapies and have a novel mode of action 
with potential additional non-glycaemic benefits. They can 
be used as adjunctive therapy to the currently available oral 
agents to improve glycaemic control. Although they have been 
studied in combination with metformin as dual therapy, they 
do not offer substantial advantages over other less expensive 
therapeutic options in this circumstance, except in patients with 
established cardiovascular disease. Its routine use as a 2nd-line 
option for dual therapy is therefore not supported. However, 
they may be useful agents in selected patients as a 3rd glucose 
lowering drug (in combination with metformin + sulphonylurea 
or metformin + TZD). Furthermore, GLP-1RAs can also be used to 
advance insulin therapy when added to basal insulin; exenatide 
is registered for this indication, and may improve post-prandial 
and overall glucose control in patients who are not controlled on 
basal insulin. Adding a GLP-1RA to basal insulin may be preferred 
to intensifying insulin in some patients.13–15

Response to GLP-1RA therapy must be assessed at three and six 
months. Consider continuing GLP-1RA therapy only if there has 
been a reduction of at least 0.5% in HbA1C and a weight loss of at 
least 3% of initial body weight at six months.

Because of their similar mode of action and lack of clinical trials, 
GLP-1RAs must not be combined with DPP-4 inhibitors. There 
are also no studies examining GLP-1RA combinations with SGLT2 
inhibitors in type 2 diabetes. 
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Table III: Summary of GLP-1 agonist cardiovascular safety studies

Prospective cardiovascular outcome trials 
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Pooled point estimate [95% CI] §
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or hospitalization for unstable 
angina; 25 months

1.02 [ 0.89–1.17]
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None of the SGLT2 inhibitors have been registered in South 
Africa at the time of publication. The names under which these 
products will be available in South Africa, if at all, as well as the 
cost and prescribing limitations, is not known. One or more 
agents from this class of drug is likely to become available before 
the next guidelines update. SEMDSA has therefore decided to 
include guidelines regarding its use. The prescriber is always 
referred to the product registration label for accurate information 
before prescribing any drug.

These drugs inhibit the sodium-glucose linked transporter 2 
(SGLT2), and the first agent to be approved was dapagliflozin 
(2011 in Europe). They do not cause hypoglycaemia, are 
associated with weight loss and empagliflozin has been 
associated with reduced cardiovascular mortality in selected 
patients.

9.6.1 Mode of Action1,2

SGLT2 in the proximal convoluted tubule is normally responsible 
for reabsorbing ∼90% of the ∼180 g of glucose filtered by the 
kidney each day. This renal glucose reabsorption is increased by 
20-40% in type 2 diabetes and contributes to hyperglycaemia. 
Pharmacological inhibition of SGLT2 inhibits the reabsorption 
of 30-50% of filtered glucose, resulting in glycosuria of 
approximately 50-80 g/day. This glucosuric effect helps to 
ameliorate hyperglycaemia. The increased urinary glucose 
excretion also results in an ensuing osmotic diuresis (leading 
to blood pressure and volume reduction) as well as calorie 
losses of 200 to 300 kcal/day (leading to weight loss). This 
insulin-independent mode of action is independent of insulin 
secretion, insulin resistance, stage of disease, race and ethnicity, 
is associated with low rates of hypoglycaemia and is effective in 
combination with all other glucose lowering therapies.

9.6.2 Efficacy

Monotherapy

When used as monotherapy in type 2 diabetes, mean placebo 
adjusted c reductions of 0.6 to 1.2% have been noted.1–5 A meta-
analysis of 45 monotherapy studies involving 11 232 subjects 
showed a mean placebo adjusted difference of -0.7% in HbA1C.6 
Canagliflozin 300 mg appears to have the greatest efficacy.7

Add-on therapy

Add-on to metformin monotherapy8-13: 0.5 -1% mean HbA1C 
reduction. 

Add-on to sulphonylurea monotherapy14: -0.7% mean HbA1C 
reduction

Add-on to metformin and sulphonylurea15-17: -0.7 – 0.9%

Add-on to insulin18-21: ∼ -0.5 to 0.8%

Efficacy in Renal Impairment

The glycaemic efficacy of SGLT2 inhibitors is attenuated in 
patients with diminished eGFR resulting in modest HbA1C 
reductions of 0.3 to 0.6%.22-24 This is presumably because glucose 
filtration is diminished, and there may be co-existent tubular 
dysfunction.  

Patients with high baseline HbA1C

In a pre-specified pooled analysis of three phase 3 studies, 
treatment with open-label empagliflozin 25 mg in patients with 
severe hyperglycaemia (N=184, mean baseline HbA1C 11.15%) 
resulted in a 3.27% HbA1C reduction at week 24; no placebo was 
included in these studies.25 

9.6.3 Microvascular outcomes

There have been no microvascular outcome studies with SGLT2 
inhibitors. 

9.6.4 Cardiovascular and mortality outcomes

Appendix 9.5 discusses cardiovascular outcome trials (CVOT) 
mandated by the US FDA.26 In line with current regulations 
all three manufacturers of SGLT2 inhibitors have embarked 
on CVOTs.26-28 The EMPA-REG OUTCOME study has been 
completed, and evaluated cardiovascular safety of empagliflozin 
(versus placebo) in type 2 diabetes patients with established 
cardiovascular disease. There was ~-0.3% HbA1C difference 
between the active and placebo arms. There was a statistically 
significant 14% relative risk reduction for the primary composite 
outcome of death from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke in the empagliflozin 
treated participants after 3.1 years.27 This was driven mainly by 
a 38% relative risk reduction in death from cardiovascular causes 
with no differences in the rates of myocardial infarction or stroke. 
Analysis of secondary endpoints showed a 35% reduction in 
hospitalisation for heart failure, and a non-significant increase in 
stroke and silent myocardial infarction. There was no difference 
in outcomes between the 10 and 25 mg doses of empagliflozin. 
The benefits noted occurred early during the course of the study 
(within three months) and was sustained thereafter, implying 
that the results were not driven by an effect on atherosclerosis. 

The conclusion from this data is that empagliflozin treatment in 
type 2 diabetes patients with established cardiovascular disease 
reduces cardiovascular and all cause mortality. The number of 
patients that would need to be treated to prevent one death was 
calculated to be 39. 
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9.6.5 Hypoglycaemia

SGLT2 inhibitors have an insulin-independent mode of action 
and hypoglycaemia is comparable to placebo except when 
combined with sulphonylureas or insulin therapy.1,2,6 

9.6.6 Non-glycaemic benefits

Weight loss

Glucosuria and caloric loss results in a mean weight loss of 1.6 kg 
to 2.5 kg for different drugs in the class.7 Weight loss is not dose 
dependent, is comparable to the weight loss with GLP-1 receptor 
agonists,29 and has been durable for two to four years. 11,30

Blood Pressure

Systematic reviews demonstrate that SGLT2 inhibitors 
significantly and consistently reduce systolic blood pressure 
by about 4.0 mmHg, and diastolic blood pressure by about 
mean -1.6 mmHg from baseline.31,32 This is presumably due to 
glucosuria and the ensuing osmotic diuresis. The incidence of 
orthostatic hypotension was not statistically increased in one 
systematic review,31 but was in another.6 It may be clinically 
relevant in certain situations (dehydration, elderly, concomitant 
loop-diuretic use).

Diabetic kidney disease (DKD)22-27,33

SGLT2 inhibitors improve glycaemia and lowers blood pressure. 
In addition they may attenuate glomerular hyperfiltration 
independent of blood glucose lowering.33 Reduction in 
microalbuminuria has been noted consistently in all studies with 
SGLT2 inhibitors in DKD.

9.6.7 Adverse Events and Precautions

Common 

Mycotic genital infections

Fungal vulvovaginitis and balanoposthitis (infection of the 
penile glans and foreskin) are the commonest adverse effect 
of SGLT2 inhibitors. When compared to placebo patients 
receiving SGLT2 inhibitors are four to six times more likely to 
develop mycotic infections.7 Women are twice as likely to be 
affected.6,32 These infections apparently respond to over-the-
counter antifungal creams or fluconazole 150 mg repeated 
48h hours later.32 SGLT2 inhibitors should be avoided in 
patients with a history of recurrent yeast infections.

Urinary tract infections (UTI’s)

Reports of higher rates of UTI have not been consistent across 
studies. A recent meta-analysis reported a higher risk of UTI 
for dapagliflozin but not empagliflozin.7 The UTI’s typically 
respond to standard antibiotics. 

Pyelonephritis and urosepsis (UTI complicated by septicaemia) 
is rare in clinical trials with SGLT2 inhibitors. However the FDA 
has drawn attention to 19 post-marketing reports of urosepsis 
or pyelonephritis.34 The true incidence of this complication is 
not known because the FDA has not released comparable 
figures for patients not taking SGLT2 inhibitor. It is prudent 

not to prescribe SGLT2 inhibitors to patients with a history of 
recurrent UTI.

Diuretic effects6,32

Polyuria (large urine volume) or pollakiuria (frequent small 
voids) is common. The pattern of eGFR change with SGLT2 
inhibitors has been consistent – an initial decline in GFR 
(approximately 10%) within the first weeks of therapy 
(presumably due to diuretic effect and hypovolaemia) - 
followed by gradual return toward (and sometimes above) 
baseline over the ensuing weeks to months. This compares 
favourably to placebo where there is usually a gradual but 
persistent decline in eGFR. Any sustained reduction in eGFR is 
fully reversed within three weeks of SGLT2 inhibitor cessation. 

Rare but serious

Euglycaemic diabetic ketoacidosis (euDKA)35

The incidence of DKA in clinical trial programs involving 
SGLT2 inhibitors has been estimated to be about 0.1%. There 
have been rare post-marketing reports from both the US 
FDA and the European Medicines Agency of cases of DKA 
associated with SGLT2 inhibitor use.35 Unlike conventional 
DKA that is associated with marked hyperglycaemia, the 
cases with SGLT2 inhibitors typically have blood glucose 
values below 14.0 mmol/L. This may delay detection, 
diagnosis and management. Insulin treated patients receiving 
SGLT2 inhibitors should be warned of the symptoms of 
DKA and advised to test their urine for ketones whenever 
these symptoms occur, irrespective of the blood glucose 
measurement. 

Dehydration, hypotension6,32

Dehydration is uncommon and may rarely result in acute 
renal injury. 

Hypotension or postural hypotension is also infrequent but 
may necessitate reduction in anti-hypertensive doses.

It is may be wise to avoid concurrent SGLT2 inhibitor use with 
loop diuretics.

Malignancy

A numerical imbalance in the number of cases of bladder 
cancer (0.17% vs 0.03%) has been noted in pooled clinical 
studies with dapagliflozin. The European Medicines Agency 
considered the evidence and concluded that a causal 
relationship was unlikely. Nevertheless dapagliflozin should 
not be used in patients with a history of bladder cancer, or in 
combination with pioglitazone, until clarity from the longer-
term safety trial with dapagliflozin is published.26

Bone fractures

Canagliflozin has been associated with a non-significant 
increase in the risk of bone fractures in pooled analyses. A 
prospective study demonstrating a significant reduction in 
bone mineral density at the hip and lumbar spine in elderly 
subjects (in part due to weight loss) has led to stronger 
warning about the potential fracture risk.36,37
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Acute renal injury

Clinical trials with SGLT2 inhibitors have not demonstrated 
an increased risk of acute renal injury. However pooled 
data from regulatory authorities highlight the potential for 
acute renal injury in patients who become dehydrated or 
experience hypotension. This is more likely to occur in elderly 
patients (age >65 years), in patients taking diuretics and in 
those with stage 2 or 3 chronic kidney disease (eGFR 30 to  
60 ml/min).25,38-40 Acute renal injury is usually reversible with 
drug cessation and volume correction.

Stroke

There has been a numerical imbalance (not statistically 
significant) in the number of patients suffering strokes in 
the EMPA REG OUTCOMES trial as well as pooled analysis of 
canagliflozin trials.27,40 This is incongruous with blood pressure 
lowering data, and its relationship to dehydration and raised 
haematocrit deserves further study. SGLT 2 inhibitors should 
not be used in patients at high risk for stroke (uncontrolled 
blood pressure, significant carotid stenosis, previous history 
of transient ischaemic attack or stroke).

Lower limb/toe amputations

The CANVAS and CANVAS-R studies have reported a higher 
rate of lower limb amputations, especially of the toe (8/1000 
vs. 4/100 for placebo). The European Medicines agency has 
added this an adverse event for canagliflozin, and has added a 
warning on the label for the other two members of the class.41

9.6.8 Prescribing information

Each drug has two (2) strengths that have been registered in 
other countries:

Canagliflozin (Invokana®) 100 mg and 300 mg tablets

Dapagliflozin (Forxiga®) 5 mg and 10 mg tablets

Empagliflozin (Jardiance®) 10 mg and 25 mg tablets.

Dosing

Start with lower dose and increase after three months if 
metabolic control is not achieved.

Renal dose adjustments

The efficacy of SGLT2 inhibitors is dependent on adequate 
glomerular filtration. Urinary glucose excretion is about 50% 
lower in patients with CKD stage 3 (eGFR 30-60 ml/min) treated 
with SGLT2 inhibitors when compared with those with CKD 
stage 1 or 2 (eGFR >60 ml/min).42 The glucose lowering efficacy 
of these agents in patients with CKD is therefore expected to be 
attenuated.  

Dapagliflozin: 

No dose adjustment when eGFR >60 ml/min 

Has been studied in CKD stage 3 (eGFR 30-60 ml/min) but 
failed to demonstrate glycaemic superiority compared to 
placebo.24 Dapagliflozin should therefore not be used when 
the eGFR is <60 ml/min.

Empagliflozin: 

No dose adjustment is necessary when eGFR >60 ml/min 

Only the higher 25mg dose has been studied in patients with 
an eGFR <60 ml/min24

Contraindicated when eGFR is <45 ml/min

Canagliflozin

No dose adjustment when eGFR is >60 ml/min.

Reduce the dose to 100mg if the patient is already using the 
drug and the eGFR decreases to 45-59 ml/min, but do not 
initiate therapy

Contraindicated when eGFR is <45ml/mi

Recommendations

Caveats: Neither the cost nor the exact registered indications for 
this class are known; these are general recommendations that 
may change depending on the product registration with the 
Medicines Control Council of South Africa.

1. Monotherapy when metformin is not tolerated or 
contraindicated: SGLT2 inhibitors have not been compared 
directly against metformin in drug naïve patients (they have 
been studied against placebo). The side-effect profile and 
need for careful patient selection is a limitation on its use in 
the primary health care setting. SGLT2 inhibitors are therefore 
not recommended as monotherapy for type 2 diabetes. 

2. Dual therapy as add-on to metformin or other 1st line drugs: 
SGLT2 inhibitors may be considered for dual therapy in 
selected patients, based on its glycaemic efficacy, negligible 
risk of hypoglycaemia and positive effect on weight loss.

3. Triple therapy as add-on to any other 2 oral glucose lowering 
drugs: SGLT2 inhibitors may be considered for triple therapy in 
selected patients, based on its glycaemic efficacy, negligible 
risk of hypoglycaemia and positive effect on weight loss.

4. Add on to insulin: the addition of SGLT2 inhibitors to insulin 
is not recommended at primary health care level.

5. Established cardiovascular disease: these patients should 
not be managed at primary health care level. The decision 
to use SGLT2 inhibitors in this situation should be made by a 
specialist (physician, cardiologist, endocrinologist).

Author: Aslam Amod
Editors: Zaheer Bayat, Ankia Coetzee, Nazeer A Mohamed, 
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9.7.1 Mechanism of action

Acarbose is an oligosaccaride that competitively inhibits 
alpha glucosidase on the brush border of the small intestine. 
This inhibits the conversion of complex carbohydrates into 
monosaccharides, and results in a reduction and delay in the 
absorption of glucose. The nett effect is a decrease in post 
prandial plasma glucose.

9. 7.2 Efficacy1,2

In a meta-analysis of 30 randomised controlled trials, Acarbose 
monotherapy reduced HbA1C by 0.8% without causing 
hypoglycaemia or weight gain. The dose of 100 mg three 
times daily was not more effective than addition to metformin, 
sulphonylurea and insulin, which resulted in HbA1C reductions 
of 0.8%, 0.9% and 0.5%, respectively. In all studies, Acarbose 
significantly reduced postprandial glucose (2.3-3.5 mmol/l), and 
caused statistically significant weight loss or was weight neutral.

The Gluco VIP3 observational study of 15,034 patients showed a 
mean two hour PPG decreased by 4 mmol/l and a mean HbA1C 
reduction of 1.1%. 

9.7.3 Cardiovascular effects

The Study to Prevent Non-Insulin-Dependent Diabetes Mellitus 
(STOP-NIDDM)4 trial randomly assigned 1  429 patients with 
impaired glucose tolerance to Acarbose 100 mg three times 
daily or placebo for a mean of 3.3 years. In a pre-planned 
secondary analysis, Acarbose significantly reduced the risk 
of cardiovascular events by 49%, and the risk of developing 
hypertension was decreased by 34%. The magnitude of the 
effect is unexpected and may be related to the fact that Acarbose 
targets postprandial hyperglycaemia (an independent risk factor 
for cardiovascular disease), but it needs verification. However, 
positive cardiovascular outcomes trials have been difficult to 
achieve, and these results should not be ignored.

ACE (Acarbose Cardiovascular Evaluation) Trial5 is a four year, 
multi-centre, double-blind, randomised parallel-group trial 
to determine whether reducing post-prandial glycaemia with 
Acarbose can reduce cardiovascular-related morbidity in patients 
with established coronary heart disease or acute coronary 
syndrome who have impaired glucose tolerance. Primary 
Outcome is occurrence of any of the following; Cardiovascular 
death, Non-fatal MI, Non-fatal stroke [Time  Frame: 7 500 
patients  followed-up for approximately four years until 904 
adjudicated Primary Outcome Measures have been recorded]. 
Trial is due to report results in 2018.

9.7.4 Dosing

Start with 50 mg once daily with meals, and increase by 50 mg 
every two weeks if tolerated. The maximum dose is 100 mg 

three times daily, although a meta-analysis showed the same 
glycaemic benefit and better tolerability with 50 mg three times 
daily. Not recommended for use in eGFR <30 ml/min.

9.7.5 Adverse effects

At higher doses, Acarbose may give rise to transient elevation 
of hepatic transaminases. Patients up titrated to maximum dose 
should be closely monitored for the first 6 months. If elevated 
transaminases are observed a reduction in dosage is warranted. 
If elevated transaminase levels persist, then withdrawal of 
therapy may be warranted.

Acarbose does not cause hypoglycaemia when used as 
monotherapy, but may aggravate hypoglycaemia caused by 
sulphonylureas and insulin. 

Gastrointestinal side-effects (flatulence and diarrhoea) 
are common when initiating therapy, and are related to 
fermentation of the high saccharide load in the colon. This has 
led to discontinuation rates as high as 35% in clinical trials. Side-
effects can be minimised by slow dose titration. 

During the Gluco VIP Study3 conducted in 15 countries/regions in 
which 15,661 patients were considered valid for safety analysis, 
drug tolerability was rated as 'very good' or 'good' in 84.9 % of 
patients. Drug-related adverse events, mainly gastrointestinal, 
were reported in 490/15 661 patients (3.13 %). The investigators 
concluded that Acarbose is safe and well tolerated in a large 
cohort of Asian patients with type 2 diabetes.

9.7.6 Pregnancy

Safety and Efficacy has not been established – Category B

Author: Zaheer Bayat
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The discovery of insulin in 1921 by Banting and Best was one of 
the most dramatic and important milestones in medicine. Insulin 
is life saving in type 1 diabetes where it is essential for survival. 
However, its greatest utility today is in type 2 diabetes when it is 
needed for glycaemic control. 

10.1 Introduction

Although insulin resistance is a key component in the 
pathophysiology of type 2 diabetes, with time declining beta cell 
dysfunction results in many patients requiring insulin therapy to 
maintain optimal glycaemic control. Despite the well-established 
benefits of optimal glycaemic control, there exists a great deal of 
inertia to initiating insulin therapy, both on the part of clinicians 
and patients [the other type of “insulin resistance”]. Some of 
the factors preventing insulin initiation include concerns of 
hypoglycaemia, weight gain, fear of injections and complexity 
of insulin self-management. As a result, there are delays of up 
to seven years in treatment intensification despite suboptimal 
glycaemic control on two or three oral glucose lowering drugs.1,2 
On the other hand, insulin may sometimes initiated too early 
when glycaemic control could just as easily be achieved with 
less expensive and less complex oral therapies, with fewer side-
effects. Glycaemic control is the key factor, as there is no evidence 
to suggest that achieving glycaemic control with insulin per se, 

is more beneficial than achieving the same level of control with 
any other agent.  However, in some patients with type 2 diabetes, 
due to significant beta-cell failure, only the use of insulin will be 
enable them to achieve their individualised HbA1C target.  

Since the introduction of human insulin in the 1980’s there has 
been significant development in this therapeutic area. A large 
number of options in insulin therapy now exist including human 
regular and intermediate insulins, rapid-acting and basal insulin 
analogues, newer ultra-long-acting and concentrated [U300] 
basal analogues, and various mixes. This chapter will review the 
issues pertinent to insulin use in the primary healthcare setting 
i.e.:

a. What are the available insulin preparations?

b. Which insulins are suitable for use in type 2 diabetes?

c. When should insulin be initiated?

d. How should insulin be initiated and prescribed? 

Complex insulin regimens will not be discussed.

10.2 What are the available insulin preparations and 
how are they classified?

Table I explains the terminology used in classifying insulins, and 
Table II is a description of the time-action profiles for insulin 
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Also refer to: Appendix 10.2, 10.3 and Chapters 10 and 11.

Table I: Insulin terminology and classification

By production source Animal insulin Extracted from pig or cows (porcine or bovine).

rDNA insulin Synthesised using recombinant DNA technology.

Similarity with human 
insulin

Human insulins Have the identical amino acid sequence and physico-chemical properties as native human 
insulin.

Analogue insulins Are insulins that do not exist in nature; their amino acid sequence and/or physico-chemical 
properties have been altered. These changes can be used to speed up the absorption and 
action of insulin (rapid-acting analogues), or delay its absorption and prolong its action 
(long-acting analogues).

By insulin concentration: U100 insulins This is the number of units of insulin in each millilitre (ml) of the insulin solution. U100 insulin 
contains 100u/ml.

U300 insulins U300 insulin contains 300u/ml.

By onset of action Short acting Regular human insulins (identical to human insulin but in a soluble solution) are absorbed 
within ½ hour and have a peak action within 3.5 hours. This is called short acting insulin.

Intermediate and 
long-acting insulins

Other insulins are classified relative to regular insulin. Intermediate-acting human insulins 
have a slower absorption and longer duration of action by adding protamine (NPH) or 
excess zinc ions (Lente). Some analogue insulins have been altered to either be faster acting 
than regular insulin (rapid-acting analogues), or to prolong its action (long-acting or ultra 
long-acting analogues.

By the timing of the insulin 
needed in relation to meals: 

Prandial (mealtime or 
bolus) insulin

This is insulin delivered with the aim of regulating the rapid blood glucose rise after meals. 
This can be accomplished with either short or rapid acting insulin injected before the meal. 

Basal insulin Insulin requirements in the post-absorptive and fasting state e.g. overnight, is called basal 
insulin; the amount required per hour is smaller and needs to be more consistent to regulate 
hepatic glucose production, which is the main glucose source in the fasting state.
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preparations available in South Africa. Appendix 10.2 shows the 
cost of these insulin preparations in the private-health sector.  

10.3 Which insulins to use? 

10.3.1 Human insulins vs. analogue insulins

For each instance of insulin use, the practitioner and patient is 
faced with a choice of opting for a human insulin or an analogue 
insulin. This section describes some clinical trial evidence to 
guide the rational use of insulin in the treatment of type 2 
diabetes.

Rapid-acting analogues vs. short-acting regular human 
insulin

All 3 currently available rapid-acting analogue insulins 
(lispro, glulisine, aspart) have been compared to regular 
human insulins as part of basal bolus therapy in patients with 
T2DM.4–6 In addition, there have been a number of meta-
analyses of trials comparing rapid-acting insulin analogues 
and short-acting regular human insulin (Appendix 10.3).7–11 
In summary, these meta-analyses showed that HbA1C 

reductions with rapid acting-analogues and regular human 
insulin were similar, while post-prandial glucose control with 
analogues was found to be superior.  There was no difference 
in the incidence of hypoglycaemia.  The rapid-acting 
analogues have the benefit of a rapid onset of action, making 
it convenient to inject just prior to eating (as opposed to 
injecting 30 minutes before eating for human insulin). 

Recommendations: Rapid-acting insulin analogues are 
preferred to short-acting human insulins, for improved 
convenience and for post-prandial glucose control, when the 
cost is not prohibitive.

Basal insulin analogues vs. human basal insulin (NPH)

Two separate systematic reviews have compared the 
outcomes of treatment with NPH insulin and basal insulin 
analogues.12,13 In summary, these reviews showed similar 
HbA1C reduction when using either type of insulin with no 
difference in long-term outcomes including morbidity and 
mortality.  However, there were lower rates of symptomatic 
and nocturnal hypoglycaemia with basal insulin analogues. 
Insulin detemir has also been shown to have a weight 
advantage compared with NPH and insulin glargine.13  In 
summary, long-acting basal insulin analogues do not offer 
better glycaemic control when compared to human basal 
insulins.  Although the rates of severe hypoglycaemia are not 
lower, long-acting analogue insulins are less likely to cause 
nocturnal hypoglycaemia when compared with human basal 
insulins.  

Recommendations: Since human basal insulins are 
historically less expensive than analogue insulins it is cost-
effective to initiate basal insulin therapy with a human 
basal insulin, except when the risk of hypoglycaemia 
is unacceptably high (see Chapter 11).  Patients with 
subsequent recurrent nocturnal hypoglycaemia should then 
be switched to an analogue basal insulin. When the cost 

Table II: Time-action profiles of insulins

Type [proprietary name] Onset Peak Duration

Short-acting regular human insulins
[Actrapid, Humulin-R, Insuman, Biosulin-R] 30-60 minutes 2-3 hours Up to 7-8 hours  

Rapid-acting analogue insulins
Aspart    [NovoRapid]
Glulisine [Apidra]
Lispro      [Humalog]

5-15 minutes 1.5-3.5 hours 5-8  hours

Intermediate-acting (basal) human 
insulins

NPH - neutral protamine Hagedorn
[Humulin-N, Protaphane, Biosulin-N]

Lente – contains zinc
[Biosulin-L]

120-240  minutes

90 minutes

4-10  hours

4-8 hours

10-18 hours§

22-24 hours§

Long-acting (basal) analogue insulins
Glargine [Lantus, Optisulin, Basaglar] 120-240 minutes No peak Up to 24 hours§

Pre-mixed human (biphasic) insulins
30% Regular + 70% NPH 

[Actraphane, Humulin 30/70, Insuman, 
Biosulin 30/70]

30-60  minutes Dual peak 10-18 hours

Pre-mixed analogue insulins
Rapid-acting plus basal

Biphasic aspart [NovoMix]
Biphasic lispro [Humalog Mix25, 
Humalog Mix50]

Rapid-acting plus ultra-long-acting basal
Pre-mixed aspart/degludec [Ryzodeg]

5-15  minutes Dual peak 10-16 hours

5-15 minutes Dual peak >24  hours

§The duration of action of intermediate and long acting insulins is dose dependent. For example, the duration of action of insulin detemir 0.2u/kg and 0.4u/kg is 12 and 
20 hours respectively.3 At lower doses, basal insulin may need to be dosed twice daily depending on individual patient responses.
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differential between human basal and analogue insulins is 
not great, initial treatment with an analogue basal insulin is 
preferred.

10.3.2 Biosimilar insulins vs. originator insulins

Definition of biosimilars, clones and generics

As opposed to simple chemical drugs that are usually 
small molecules produced synthetically, biological agents 
such as insulin are produced by complex means using 
microorganisms, cell or tissue culture. Generics of small 
molecules, due to their relative simplicity, are produced 
identically to the originator with only evidence of similar 
bioavailability required by regulatory bodies. Biological 
agents are large complicated molecules with equally 
complicated production protocols that remain the 
proprietary information of the original manufacturer after 
expiry of the molecule’s patent. Therefore, a biosimilar, while 
intended to have the same clinical effect as the originator, 
is produced by different means to the originator. As minor 
changes to a complex molecule could impact on efficacy 
and safety, regulatory authorities require head-to-head 
comparison with the originator in the registration of a 
biosimilar. This is likely to impact on the cost benefits of 
biosimilars compared with generics.14 A clone is identical 
to the originator in every detail and often produced by the 
same manufacturer.  In South Africa, insulin glargine, a basal 
insulin analogue, is available as a clone (Optisulin®) and a 
biosimilar (LY Iglarg or Basaglar®).  

Biosimilar insulins in South Africa

This biosimilar insulin glargine has been evaluated in 
comparison to the originator in terms of efficacy and safety 
in patients with type 1 and type 2 diabetes mellitus.  The 
Element 1 study was a phase 3, randomized, 52 week trial in 
patients with type 1 diabetes, and will not be discussed in 
this guideline.15  In the Element-2 study, patients with type 
2 diabetes on up to 2 oral agents were randomized to LY 
Iglarg or originator insulin glargine for 24 weeks.16 LY Iglarg 
was non-inferior to insulin glargine for change in HbA1C from 
baseline. Adverse events, allergic reactions, weight change, 
hypoglycaemia and insulin antibodies were similar between 
treatment groups.

A biosimilar human 30/70 premix insulin (Biosulin 30/70®) 
has also been compared to originator premix human insulin, 
and demonstrated equivalent glycaemic control and safety.17

Recommendations Currently in South Africa we have access 
to 3 preparations of insulin glargine (originator, clone and 
biosimilar). There are also biosimilar insulins for human 
short-acting, intermediate-acting and premix insulins. These 
are all registered with the Medicines Control Council.  Based 
on current evidence, the efficacy and safety profiles of these 
preparations are similar. While it is not recommended that 
patients with stable glycaemic control be unnecessarily 
switched to an alternative preparation, if needed, this should 
be done on a dose for dose basis. When treatment with

human or analogue insulin is initiated, the insulin with the lowest 
acquisition cost within the class is preferred.

10.4 When should insulin be initiated? 

10.4.1 The evidence base for insulin therapy

The question often arises – should insulin be initiated early in the 
course of type 2 diabetes for some or other perceived benefit, 
even when glycaemic control is achievable with other therapies, 
or should insulin be delayed for as long as possible because of 
possible harms. Two randomised controlled clinical trials have 
examined the question regarding early insulin therapy.18,19 These 
and other studies are discussed below.

a. United Kingdom Prospective Diabetes Study (UKPDS)18

The 10-year follow-up of the UKPDS showed that newly 
diagnosed patients with type 2 diabetes that were randomised to 
receive intensive treatment with a sulphonylurea (SU) or insulin 
had similar relative reductions in risk for microvascular disease. 
Initial treatment with insulin in newly diagnosed patients was 
not superior to SU for any outcomes. However, insulin treated 
patients gained significantly more weight and had a significantly 
higher rate of hypoglycaemia.18 Insulin was not superior to 
diet / conventional therapy (where patients were only treated 
when the fasting plasma glucose exceeded 15mmol/L) for 
macrovascular and mortality outcomes. In an observational 
study, 10 years after the trial had completed, both early insulin 
and SU treatment was equally associated with lower rates of any 
diabetes-related end-point (9%, P = 0.04), microvascular disease 
(24%, P = 0.001), myocardial infarction (15%, P=0.01) and death 
from any cause (13%, P = 0.007) when compared to conventional 
treatment.20

Unfortunately, these trials (UKPDS) were not designed to study 
the safety of one drug against another. In the UKPDS 34 study, 
for example, metformin reduced macrovascular events and 
mortality in obese patients whereas insulin did not.21 However, 
because of the trial design, it is not possible to determine 
whether the different outcomes were due to an improved 
safety of metformin, or a potential harm of insulin therapy. The 
conclusion is that improving glycaemic control with insulin 
reduces microvascular complications to the same extent as 
sulphonylureas, compared to placebo, and that insulin therapy 
should be initiated whenever glycaemic control is not possible 
with other glucose lowering drugs.

b. Outcome Reduction with an Initial Glargine Intervention 
Trial (ORIGIN)19

The ORIGIN trial tested the hypothesis that normalization 
of fasting plasma glucose with basal insulin would reduce 
cardiovascular disease in patients with diabetes and intermediate 
dysglycaemia, as well as prevent the progression of IFG/IGT to 
diabetes. The trial showed no reduction in cardiovascular disease 
in patients treated with insulin glargine for a median duration 
of 6 years. Patients with intermediate dysglycaemia treated 
with basal insulin were 28% less likely to develop diabetes 
compared with controls but at the cost of weight gain and 
increased hypoglycaemia. There was no increased risk of cancer 
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associated with insulin glargine in this trial (insulin dose range 
0.19 to 0.53u/kg; duration 6 years). A meta-analysis of insulin 
studies confirmed that insulin had no benefit over placebo/diet 
on mortality or cardiovascular outcomes (similar to UKPDS and 
the ORIGIN studies).22

These trials show that initiating insulin therapy early, when 
glycaemic control is not poor, carries no particular benefit over 
other agents, but does increase hypoglycaemia and causes 
weight gain.22 

c. Other safety studies

Observational studies have reported an increased cardiovascular 
and mortality risk with insulin therapy when compared to other 
therapies.23–26 However, observational data do not allow causal 
inferences. Insulin therapy has also been associated with worse 
outcomes in patients with pre-existing cardiovascular disease 
in the DIGAMI 2 and BARI-2D trials.27,28 A network meta-analysis 
of mainly short-term randomised controlled trials reported no 
differences in the cardiovascular safety for any of the available 
anti-diabetic therapies.29 

d. Efficacy studies

In the meta-analysis by Liu et al., basal insulin added to metformin 
as a 2nd line agent resulted in similar HbA1C reductions to SUs 
and thiazolidinediones (TZDs) (~0.85%), and was less than GLP-
1 receptor agonists (GLP-1RAs) and biphasic insulin.30 Weight 
gain was not statistically different between the three treatments 
(SU, TZD and basal insulin), and hypoglycaemia was significantly 
lower with TZDs.

In the meta-analysis by McIntosh et al., basal or biphasic 
insulin added as a 3rd anti-diabetic agent to metformin and 
SU lowered HbA1C by 1.17%, and was not statistically different 
to the reductions with TZDs (0.96%), DPP-4 inhibitors (0.89%) 
or GLP-1RAs (0.96%).31 Insulin and TZDs were associated with 
weight gain, DPP-4 inhibitors were neutral and GLP-1RAs were 
associated with weight loss.31 

In the meta-analysis by Palmer et al., all drug classes were equally 
efficacious compared to insulin, when added to metformin as 
a 2nd line anti-diabetic agent.29 For 3rd line therapy (added to 
metformin + SU), TZD and basal insulin were equally efficacious 
with similar weight gain and hypoglycaemia.29 Insulin treatment 
was associated with the lowest odds of treatment failure. Insulin 
and TZDs were more effective than DPP-4 inhibitors for lowering 
HbA1C and also for avoiding treatment failure.29

The Treating to Target in Type 2 Diabetes (4-T) Study compared 3 
insulin regimens in patients with suboptimal glycaemic control, 
who were taking oral agents (metformin and SU).32 The three-
year follow-up of the 4-T study showed that median HbA1C 
levels were similar for patients receiving biphasic insulin aspart 
(7.1%), prandial insulin aspart (6.8%), and basal insulin detemir 
(6.9%) insulin-based regimens. However, the median rates of 
hypoglycaemia per 100 patients per year were lowest in the 
basal group (170 episodes), higher in the biphasic group (300 
episodes), and highest in the prandial group (570 episodes).  In 
addition, the mean weight gain was higher in the prandial group 

than in either the biphasic or the basal groups. Other adverse 
event rates were similar in the three groups. This trial provides 
a sound basis for the recommendation that if insulin therapy 
is considered as the 3rd line option of treatment, it should be 
initiated using a basal insulin regimen i.e. adding an intermediate 
or long-acting insulin at bedtime. 

Caution is advised in interpreting the above meta-analyses and 
studies in the South African context, as the data on SUs in the 
meta-analyses refer mainly to glibenclamide and glimepiride 
(which have higher rates of hypoglycaemia and weight gain 
compared to gliclazide), and also because the data on basal 
insulins is based largely on analogue insulin use, which have 
lower rates of hypoglycaemia and weight gain (in the case of 
insulin detemir) than NPH insulins. 

d. Evidence-based recommendations for insulin in type 2 
diabetes 

The current evidence for insulin therapy is as follows:

1. Intensive glycaemic control with insulin therapy reduces 
microvascular complications.18

2. There is no evidence that insulin therapy is associated with 
better outcomes or particular advantages, when compared 
to other therapies that can achieve similar glycaemic 
control18,19,27,28

3. There is inconclusive evidence to suggest that insulin therapy 
may be associated with worse cardiovascular and mortality 
outcomes when compared to other therapies that can achieve 
similar glycaemic control.21,23–28 

4. In stable patients without metabolic decompensation, insulin 
treatment should be initiated with a basal insulin.32 

5. In multiple analyses, basal insulin is not more effective than 
other anti-diabetic agents in lowering HbA1C.29–31 Additionally, 
it is a complex treatment requiring additional resources for 
education and titration. Insulin is therefore not recommended 
as a 2nd line anti-diabetic agent in stable patients, and should 
be one of the options available as a 3rd line anti-diabetic agent. 

10.4.2 Indications to initiate insulin:

The indications for insulin treatment in non-pregnant adults are:

1. At diagnosis, or at any stage of type 2 diabetes, when there is 
metabolic decompensation with any of the following features:

Catabolism (marked weight loss)

Fasting plasma glucose levels >14 mmol/l

Random glucose levels consistently > 16.5 mmol/l

HbA1C > 10%

Presence of persistent ketogenesis, ketoacidosis or 
hyperosmolar non-ketotic state

The management of this category of patient is not the subject 
of this guideline; these patients should be managed intensively, 
either with a basal-bolus or premix insulin regimen, and specialist 
referral is recommended. 
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2. For stable patients without metabolic decompensation, insulin 
should be considered as a treatment option when glycaemic 
control is not achieved or maintained with 2 or more other 
anti-diabetic agents. 

10.5 How should insulin therapy be initiated?

The numerous insulin preparations and combinations can make 
insulin therapy complicated and confusing for the primary care 
practitioner. The following recommendations can be made to 
simplify decision-making (based on the discussion above):

1. Consider the addition of insulin to an existing 2-drug regimen 
when glycaemic targets are no longer met. Other options 
will include adding a 3rd oral anti-diabetic agent or a GLP-1 
receptor agonist. Refer to Chapter 11 for guidance on choosing 
the most appropriate 3rd anti-diabetic agent.

2. When adding insulin as a 3rd anti-diabetic agent, the choice of 
insulin regimen should be a once daily basal insulin regimen 
to minimise hypoglycaemia and weight gain. 

3. Choose insulins with a low acquisition cost. There are no 
substantial differences within a particular class of insulins to 
justify large differences in cost. Biosimilar insulins and clones 
are acceptable. If costs are similar, a basal insulin analogue is 
preferred to human insulin. When the cost-differential is high, 
start with a human basal insulin.

4. If nocturnal hypoglycaemia is a limiting factor to achieving 
glycaemic control with a human basal insulin, switch to a long-
acting basal insulin analogue (if not already in use).

5. When glycaemic control deteriorates with a 3-drug regimen 
that includes an adequately titrated  basal insulin, treatment 
should be escalated to either a premix insulin regimen, or a 
“basal plus” regimen (where the basal insulin is maintained 
and prandial doses of short acting insulin is added). A third 
alternative would be the addition of a GLP-1 receptor agonist 
to the basal insulin regimen. Refer to Chapter 11 for further 
guidance.

6. When glycaemic control deteriorates with a triple oral regimen 
(e.g. metformin + SU + TZD/DPP-4 inhibitor/SGLT2 inhibitor), 
continue metformin treatment and initiate insulin treatment 
with a twice-daily premix insulin, or refer the patient for basal-
bolus insulin therapy.

7. Use only insulin pen delivery devices (disposable pens or pen 
refills); vials and syringes should not be used. 

Prior to initiating insulin treatment, it is important to ensure 
that there are adequate resources avaiable to support the 
patient in initiating and adjusting insulin treatment. Note 
that in the 4T study discussed above, 28% and 63% of patients 
achieved an HbA1C  <7% at 1 year and 3 years respectively.32,33 
To achieve this result, patients had to be willing to perform 
self-blood glucose monitoring, they had access to dietitians 
and diabetes educators, they had clinic visits at weeks 0, 2, 6, 
12, 24, 38 and 52 weeks (7 face-to-face visits within a year), and 
frequent interim telephonic contact and support. For the latter 
2 years of the study, clinic visits occurred every 12 weeks, again 
with interim telephonic contact. Before each clinic or telephone 
contact, patients were required to perform pre-breakfast and 

pre-supper SBGM for 3 consecutive days. In addition they 
performed an 8-point glucose profile (including 3am) at week 
0, 12, 24, 38 and 52, and also tested blood glucose whenever 
they felt unwell. Glucose test-strip supply was unlimited and 
uninterrupted. A computer system guided insulin dose titration 
and also monitored investigator and patient compliance with 
the monitoring and titration protocol. The target fasting glucose 
was 4.0 to 5.5 mmol/L and the post-prandial glucose target was 
5.0 to 7.0 mmol/L. 

This type of protocol for insulin therapy is commonplace, and 
some trials have used even more rigorous SBGM and titration 
algorithms. An inability to offer similar support services and 
“forced” titration protocols to patients when initiating insulin 
therapy is unlikely to achieve similar results to that seen in 
clinical trials, and is likely to result in treatment failure.

10.5.1 Initiating and titrating basal insulin as a 3rd 
anti-diabetic agent (refer to chapter 11, figure 2)
1. Ensure that there are adequate resources avaiable to 

support the patient in initiating and adjusting insulin 
treatment: protocols for monitoring and titration, regular 
access to a diabetes nurse educator to be instructed on 
injection technique, SBGM, management of hypoglycaemia, 
hyperglycaemia and sick-days, access to frequent doctor and 
clinic visits (6 per year), telephonic support between visits, 
uninterrupted supply of insulin and glucose test strips. 

2. Continue all oral agents.

3. Initiate 10 units of basal insulin (or 0.2u/kg) using an 
intermediate or long-acting insulin (use insulins with a low 
acquisition cost; clones and biosimilar insulins are acceptable).

4. Titrate dose as described in Chapter 11, Figure IV

5. If unexplained nocturnal hypoglycaemia occurs, instruct the 
patient to reduce the basal insulin dose by 10% or 2-4 units, 
to stop titration, and to inform the doctor if it occurs again.  
If there are persistent episodes of nocturnal hypoglycaemia 
then switch to a long-acting insulin analogue (if not already 
in use). 

6. Consider using a long-acting insulin analogue (glargine, 
detemir) in the following situations:

• If nocturnal hypoglycaemia is problematic with NPH insulin

• In those who require assistance from a carer or healthcare 
professional to administer their insulin injections

• In those whose lifestyle is significantly restricted by recurrent 
symptomatic hypoglycaemic episodes

• When circumstances exist where the risk of severe 
hypoglycaemia and/or its potential consequences can be 
significant and/or catastrophic (Refer to Chapters 11 and 12)

10.5.2 Escalating to pre-mixed insulin  
(refer to chapter 11, figure 3)
1. Ensure that there are adequate resources avaiable to 

support the patient in initiating and adjusting insulin 
treatment: protocols for monitoring and titration, regular 
access to a diabetes nurse educator to be instructed on 
injection technique, SBGM, management of hypoglycaemia, 
hyperglycaemia and sick-days, access to frequent doctor and 
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clinic visits (6 per year), telephonic support between visits, 
uninterrupted supply of insulin and glucose test strips. 

2. Continue with metformin only and stop all other anti-diabetic 
drugs.

3. Insulin dose:

a. Split the existing basal insulin dose to give 2/3 as a premix 
in the morning before breakfast and 1/3 as a premix in the 
evening before supper

b. If the patient is not already on a basal insulin (e.g. a patient 
on 3 oral drugs, or 2 oral drugs and a GLP-1RA), then initiate 
premix insulin at a total dose of 0.3 u/kg given as 2/3 in the 
morning before breakfast and 1/3 in the evening before 
supper. Use premixes with a low acquisition cost.

4. The patient must monitor his or her fingerprick glucose 
before breakfast and before supper. The target glucose will 
vary depending on the individualised target HbA1C (Refer to 
Chapter 8)

5. Titrate the pre-breakfast insulin dose to achieve the pre-
supper target glucose level, and vice versa.

6. Titration increments can be calculated using Figure IV 
in Chapter 11. Titration frequency varies, depending on 
circumstances. For example, titration may take place daily if 
the patient is under direct supervision in hospital, weekly if 
the patient needs to see the healthcare provider to supervise 
titration as an out-patient, or every three days if the patient 
has good numeracy skills and is able to self-titrate without 
supervision. 

7. If unexplained hypoglycaemia occurs, instruct the patient 
to reduce the last injected insulin dose (preceding the 
hypoglycaemic event) by 10% and to stop titration.  If the 
patient experiences recurrent episodes of hypoglycaemia then 
they should contact their doctor, who could then consider an 
analogue insulin pre-mix (if not already in use) or refer to a 
specialist.

10.5.3 Escalating from basal insulin to a “basal-plus” 
insulin regimen (refer to chapter 11, figures 2 and 3)

Patients suboptimally controlled with an existing basal insulin 
regimen may improve their glycaemic control by targeting post-
prandial hyperglycaemia. A short or rapid-acting insulin can be 
added befor the largest meal of the day, or before the meal that 
has the greatest post-prandial glucose excursion. This short/
rapid acting insulin can then be titrated based on the SBGM 
level before the next meal (refer to Chapter 11, Figures IV and V). 
Further doses of short or rapid acting insulin can be progressively 
added for the other meals that are associated with post-prandial 
hyperglycaemia, until a complete basal-bolus regimen is used. 
Oral agents other than metformin should be progressively 
discontinued to reduce the complexity of the regimen.

Authors: Aslam Amod, Joel Dave and Zane Stevens
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Appendix 10.2: Insulin Preparations in South Africa

   Basal Insulins

Insulin Type Medicine Proprietary 
Name Active Ingredients Dosage Form SEP (R)

Basal Analogue Insulins

Basaglar Insulin Glargine 3x5 ml Cartridge R523.57

Basaglar Insulin Glargine 3x5 ml Pen R598.36

Optisulin Insulin Glargine INJ R623.30

Levemir Insulin Detemir 3x5 ml Cartridge R678.14

Lantus Insulin Glargine 3x5 ml Pen R688.84

Levemir Insulin Detemir 3x5 ml Pen R800.88

Basal Human Insulins

Biosulin L Lente Human Insulin 3x5 ml Cartridge R346.24

Biosulin N

Isophane Human Insulins

3x5 ml Cartridge R346.24

Humulin N 3x5 ml Cartridge R450.54

Humulin N 3x5 ml Pen R450.55

Protaphane HM 3x5 ml Pen R627.47

   Premix Insulins

Insulin Type Medicine Proprietary 
Name Active Ingredients Dosage Form SEP (R)

Premix Analogue
Insulins

Humalog Mix25

Insulin Lispro + Insulin 
Lispro Protamine 

3x5 ml Cartridge R466.17

Humalog Mix50 3x5 ml Cartridge R466.17

Humalog Mix25 3x5 ml Pen R553.14

Humalog Mix50 3x5 ml Pen R553.15

Humalog Mix 25 3x5 ml Pen R595.66

NovoMix 30 
Biphasic Insulin Aspart

3x5 ml Pen R603.37

NovoMix 30 3x5 ml Cartridge R643.76

Ryzodeg® Insulin Degludec+Aspart 3x5 ml Pen R978.64

Premix Human Insulins

Biosulin 30-70

Biosynthetic Human 
Insulin:

30% Regular Insulin
70% Isophane Insulin

3x5 ml Cartridge R346.24

Humulin 30/70 3x5 ml Pen R450.54

Humulin 30/70 3x5 ml Cartridge R450.54

Actraphane HM 3x5 ml Pen R593.07

Actraphane HM 3x5 ml Pen R627.47

   Short/Rapid Acting Insulins

Insulin Type Medicine Proprietary 
Name Active Ingredients Dosage Form SEP (R)

Rapid Analogue
Insulins

Humalog Insulin Lispro 3x5 ml Pen R432.82

Humalog Insulin Lispro 3x5 ml Cartridge R432.82

NovoRapid Insulin Aspart 3x5 ml Cartridge R487.62

Apidra Insulin Glulisine 3x5 ml Pen R510.68

NovoRapid Insulin Aspart 3x5 ml Pen R542.72

Humalog Insulin Lispro 3x5 ml Pen R596.70

Short-Acting 
Human Insulins

Biosulin R

Regular Human Insulin 
(rDNA)

3x5 ml Cartridge R346.24

Humulin R 3x5 ml Pen R370.59

Humulin R 3x5 ml Cartridge R430.83

Actrapid HM (ge)  3x5 ml Pen R491.94

Reference
South African Medicine Price Registery. Database Of Medicine Prices 14th March 2017. http://www.mpr.gov.za/Publish/ViewDocument.aspx?DocumentPublicationId=3285. 
[Accessed March 20, 2017.]
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Appendix 10.3: Summary of meta-analyses and systematic reviews comparing rapid-acting insulin 
analogues to short-acting regular human insulin

Reference Studies Results

Siebenhofer et al 20061 Studies published up to September 2005
Lispro (6 trials)
Aspart (1 trial)
No glulisine studies

HbA1c: no significant difference
Hypoglycaemia: no significant difference.

Singh et al 20092 Studies published up to 2007
Included premix formulations
Lispro (11 trials)
Aspart (4 trials)
No glulisine studies

HbA1c: no significant difference
Risk of hypoglycaemia: no significant difference.

Mannucci et al 20093 Studies published up to January 2008
Lispro (7 trials)
Aspart (4 trials)
Glulisine (2 trials)
Included premix formulations

HbA1c: -0.10% in favour of analogues [95% CI, -0.01 to -0.19].
In 3 studies, blood glucose was significantly lower with analogues 
after breakfast (by 0.7 mmol/L) and dinner (by 0.6 mmol/L) (both 
P < 0.001).
Severe hypoglycaemia: no significant difference.

Rys et al 20114 Studies published up to July 2009
Included premix formulations
Only studies on aspart (6 trials) or BIAsp (4 trials)

HbA1c: no significant difference
PPG: daily mean PPG lower by 1.18 mmol/L [95% CI,-1.88 to -0.47] 
with Aspart*
Risk of hypoglycemia: no significant difference.

Heller et al 20135 Patient-level data from trials comparing aspart with
human insulin.
Trials in type 1 diabetes (6 trials, n . 1909), type 2
diabetes (3 trials, n . 219), and types 1 and 2
diabetes combined (1 trial, n . 110)

HbA1c: -0.10% in favour of Aspart [95% CI, -0.15 to -0.04], p<0.001
PPG: significantly lower by 0.47 mmol/L [95% CI, -0.70 to -0.25]; 
(p<0.001) with Aspart.
Hypoglycaemia: no significant difference
Nocturnal hypoglycaemia: significantly lower with Aspart: RR, 0.76 
[95% CI, 0.67-0.85]; (p < 0.001).

BIAsp = biphasic insulin aspart; CI = confidence interval; HbA1c = glycated haemoglobin; PPG = postprandial glucose.
*Including studies of aspart and BIAsp
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Appendix 13a: The management of hyperglycaemic emergencies 
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Algorithm: Approach to managing in-hospital hyperglycaemia in the non-critically ill patient
a: Total daily insulin dose ~ 0.2-0.5 IU/kg body weight 
  Basal bolus regimen or Split premix insulin (50% as basal insulin and 50% divided between meals as short or rapid acting insulin)
b: Consider dose reduction if decline in caloric intake anticipated
c: Once- or twice-daily NPH insulin or once-daily long-acting analogues
d: Alternative : Add 50% of Total Dose as Regular insulin to TPN AND 50% given as Basal insulin subcutaneously 
e: Alternative : Premixed insulin 8 hourly or Long Acting Insulin Analogue given daily

BG: bedside glucose; NPO: nil per os, NGT: nasogastric tube; TPN: total parenteral nutrition

Change in meal pattern

NON-CRITICALLY ILL PATIENT WITH IN-HOSPITAL HYPERGLYCAEMIA

Regular meal pattern                                                                                                      

Assess glycaemic control  

HbA1C  & bedside BG monitoring                                                                            

NPO TPNEnteral feeding              

Bolus feeds

Basal Bolus Therapy

Continuous feed

eNPH Insulin 12  
hourly plus scheduled 

regular Insulin

Nocturnal feed

NPH Insulin at the  
time of feed

Commence Insulin 
therapya

Basal Insulin
plus

Prandial Insulin
plus

Correction dose 
Insulin

Suspend all scheduled prandial 
insulin                       

(Previously prescribed Basal Insulin 
can be continued)                                                         

Intravenous Insulin Infusion 
Therapy (IVIT)

(Follow infusion protocol)
OR

Regular Insulin added to 
TPN solutiond

(0.1U/g of Carbohydrate)
6 Hourly corection dose Insulin 

+/-
Basal Insulinc 

Continue current 
outpatient therapyb

(Oral &/or Insulin)

Poor control          

Stop all 
oral agents

Contraindication        
 to oral agents            

No contraindication        
to current therapy                                                                                               

Well controlled

Appendix 14:  In-hospital management of diabetes algorithm

J E M D S A
ISSN 1608-9677           EISSN 2220-1009 

© 2017  The Author(s)

S E M D S A  G U I D E L I N E S

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)
http://dx.doi.org/10.1080/16089677.2015.1056468

Open Access article distributed under the terms of the
Creative Commons License [CC BY-NC-ND 4.0]
http://creativecommons.org/licenses/by-nc-nd/4.0



The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S186

J E M D S A
ISSN 1608-9677           EISSN 2220-1009 

© 2017  The Author(s)

S E M D S A  G U I D E L I N E S

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)
http://dx.doi.org/10.1080/16089677.2015.1056468

Open Access article distributed under the terms of the
Creative Commons License [CC BY-NC-ND 4.0]
http://creativecommons.org/licenses/by-nc-nd/4.0

Appendix 21.1: Diabetes footcare patient checklist
SEMDSA Type 2 Diabetes Guideline Expert Committee

Things you must DO… Things you must NOT DO…
Wash the feet daily, using lukewarm water and soft soap. Never soak your feet in standing water; always use running water. Do 

not use foot spa’s.

Test the temperature of bath water with your hands before getting in. 
If you are unable to do so, let someone else test it.

Do not use heating appliances (heaters, electric blankets, hot water 
bottles) near your legs or feet. 

Inspect (or ask someone else to inspect) the feet daily for cuts, cracks, 
bruises, blisters, corns calluses and damaged nails. Also check the 
areas between the toes for moistness, cracks and infection. 

Do not cut corns or calluses yourself, or use corn plasters, chemicals or 
other remedies. These preparations are acidic and often cause ulcers. 
Consult a healthcare professional, because corns and calluses are an 
indication that there is a problem.

Wear clean cotton or wool socks or stockings that are dry and 
changed daily. Wear socks with the seams on the outside

Do not wear clothes or socks which restrict the blood flow to your feet. 
Never wear garters or socks with tight elastic tops.

Cut the toenails straight across and not too short . If the toenails 
cannot be cut, file them in a downward direction. 

Do not cut down or around the corners of the toenails, as this may cause 
ingrown toenails (see Appendix 2)

If your vision is impaired, or your mobility is limited, ask someone to 
cut your toenails for you.

Do not use scissors or blades to cut your toenails.

Use moisturising creams (neutral water-based creams) for dry skin, 
but not between the toes. Use a powder for sweaty or moist skin.

Do not attempt to cut abnormally thickened toenails. Use a file instead 
or consult a healthcare professional. 

Inspect the shoes and feel inside them for hidden objects before 
putting them on.

Do not use sharp instruments to dig around the toenails.

Dry the feet gently, especially between the toes. If using a blow-dryer 
to dry between the toes, ensure that it is set to blow cold air.

Do not smoke as this limits your blood circulation.

Report every injury, blister, cut, scratch or sore that develops to a 
healthcare professional.

Do not walk barefoot when indoors or outdoors. Many foot injuries 
occur inside the home.

Insist on having the feet professionally examined at least once a 
year by a health care professional.

Footwear checklist
Wear good shoes that fit well, and check that the shoes:
• Are the correct length and width.
• Allow enough room for the toes.
• Have a smooth lining without seams.
• Have a flexible sole that can bend easily.
• Have a heel no higher than 4 cm

Buy footwear in the late afternoon, when the foot will be at its largest 
(because of swelling).

New shoes should be comfortable; there should be no need to “break 
them in”.

Shoes should suit the activity to be undertaken.

It is bad for your feet and posture to wear slippers all day. Slip-on shoes 
and slippers are not recommended.

Use a foot template to help with the selection of footwear. Air your shoes every day, at night while you sleep or during the day when 
you rest.

Shoes should follow the natural outline of the foot, and fit the widest 
part of the foot.

Do not wear worn-out shoes, socks or stockings.
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Appendix 21.2: Diabetes foot screening assessment form 
SEMDSA Type 2 Diabetes Guideline Expert Committee

Screening to Detect the High Risk Diabetic Foot

Name:

If all responses are circled “No”, 
rescreen in 1 year

If ANY response is circled 
“YES” categorise the risk (see 

Appendix)

Phone#:                                      Age

Diabetes Duration:                 Gender:  M      F

Date of Exam:

HISTORY

1 Previous ulcer No Yes

2 Previous amputation No Yes

SKIN

3 Active ulcer No Yes

4 Ingrown toenail No Yes

5 Calluses (thickened plantar skin) No Yes

6 Blisters No Yes

7 Fissures (linear cracks) No Yes

Remember to check the 4th and 5th web spaces and nails for fungal infection

BONES

8 Deformity (hammer toes, bunion, arch, Charcot foot) No Yes

9 Fixed joint (no movement) at ankle and/or big toe No Yes

NERVES

10 Monofilament Big Toes
No

neuropathy if ≥ 7 of 8 felt

Yes
Possible neuropathy if ≤ 6 of 

8 felt
Right big toe                                /4 felt

Left big toe                                   /4 felt

11 Ipswitch Touch The Toes Test
No

neuropathy if ≥ 5 of 6 felt

Yes
Possible neuropathy if ≤ 4 of 

6 felt
Right foot                                      /3 felt

Left foot                                         /3 felt

Vasculature

Absent dorsalis pedis or posterior tibial pulse No Yes
Adapted from Wound Healing Association of South Africa guideline1 
1. Available from http://www.woundhealingsa.co.za/index.php/WHSA/article/view/185, (cited on 24 February 2016)
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Fig 1: How to clip toenails

Fig 3: Dystrophic nails due to fungal nail infection. Onychodystrophy can also be 
caused by trauma to the nailbed.

Fig 4: Corns, callus and bunion (hallux valgus)

Fig 2: Ingrown toenail
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Appendix 21.3:  Foot abnormalities and footwear illustrations
SEMDSA Type 2 Diabetes Guideline Expert Committee

Fig 5: Types of hammer toe deformities
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Fig 6: Foot arch deformities: pes cavus (high arch) and pes planus (flat foot)

Fig 7: Tinea pedis

Fig 8: Red marks are a sign of ill-fitting footwear

Fig 9: Acute Charcot foot is swollen red and warm to the touch 

Fig 10: Good shoes follow the shape of the foot

Fig 10: Good shoes are built for comfort

Fig 11: The foot template aids in choosing the correct width and length for shoes.
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Appendix 21.3: Foot abnormalities and footwear illustrations (continued)
SEMDSA Type 2 Diabetes Guideline Expert Committee
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Rapid Screening for Diabetic Neuropathy Using the 10g Semmes-Weinstein Monofilament

1. Show the 10-g Semmes-Weinstein monofilament to the patient. 
2. Touch it first to the patient’s forehead or sternum so that the 

sensation is understood. 
3. Instruct the patient to say “yes” every time the monofilament stimulus 

is perceived. 
4. With the patient’s eyes closed, apply the monofilament to the dorsum 

of the great toe proximal to the nail bed as shown in the illustration 
below. Use a smooth motion – touch the skin, bend the filament for a 
full second, then lift from the skin. 

5. Perform this stimulus 4 times per foot in an arrhythmic manner so the 
patient does not anticipate when the stimulus is to be applied.

6. Add up all correct stimuli for a score out of 8. A score of 7 or 8 correct 
responses likely rules out the presence of neuropathy. 

Rapid Screening for Diabetic Neuropathy Using the 128Hz Tuning Fork (The “On-Off” Method)

1. Strike the tuning fork against the palm of your hand hard enough 
that it will vibrate for approximately 40 seconds. 

2. Apply the base of the tuning fork to the patient’s forehead or sternum 
and ensure that the vibration sensation (not just the touch sensation) 
is understood. 

3. With the patient’s eyes closed, apply the tuning fork to the bony 
prominence situated at the dorsum of the first toe just proximal to 
the nail bed. Ask if the vibration sensation is perceived. 

4. Ask the patient to tell you when the vibration stimulus is stopped, 
and then dampen the tuning fork with your other hand. 

5. One point is assigned for each vibration sensation perceived 
(vibration “on”). Another point is assigned if the correct timing of 
dampening of the vibration is perceived (vibration “off ”). 

6. Repeat this procedure again on the same foot, then twice on the 
other foot in an arrhythmic manner so the patient does not anticipate 
when the stimulus is to be applied. 

7. Add up all correct stimuli for a score out of 8. A score of 7 or 8 correct 
responses likely rules out the presence of neuropathy. 

Reproduced with permission from the Canadian Diabetes Association Clinical Practice Guidelines (2008).1
Monofilaments can be ordered from 
Noy Pullen: email: linoia@mweb.co.za; Tel: 0722587132
Medis, Cape Town: e-mail  info@medismedical.com; Tel: 021-9828211
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Appendix 21.4: Neuropathy assessment

These methods are designed to screen for the presence or absence of diabetic neuropathy, as opposed to screening for specific sites on 
the feet that are at risk of ulceration (multisite testing). If neuropathy is identified by either of these methods, other sites may be tested 
to identify high-risk areas for ulceration. 
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Appendix 21.4: Neuropathy assessment (continued) 

Rapid Screening for Diabetic Neuropathy Using the Ipswitch Touch the Toes Test

1. Remove socks and shoes and rest the subject with their feet lying on 
a sofa or bed.

2. Remind them which is their RIGHT and LEFT leg, pointing this out by 
firmly touching each leg, saying “this is your right” when the right leg 
is touched and “this is your left side” when the left is touched. If you 
face the soles of their feet their right is on your left.

3. Ask them to close their eyes and keep them closed until the end of 
the test.

4. Inform them that you are going to touch their toes and ask them 
to say right or left as soon as they feel the touch and depending on 
which foot was touched.

5. Perform the touch, using your index (pointing finger) as shown in the 
photo and diagrams.

6. The picture also shows which six toes should be touched and the 
sequence.

7. Start by lightly touching the tip of the toe marked 1 (right big toe) 
with the tip of your index finger. The patient will respond by saying 
“right” if they feel the touch.

Very Important

• The touch must be light as a feather, and brief (1–2 seconds): do not press, prod or poke, tap or stroke the skin.
• If the person did not respond do not attempt to get a reaction by pressing harder. They did not feel; this should be recorded as not felt.
• You must not touch each toe more than once.
• If not felt do not repeat the touch, there is no second chance.
• 2 or more spots absent qualifies as neuropathy

Adapted from Touch The Toes Test by Diabetes UK based on The Ipswich Touch Test: a simple and novel method to screen patients with diabetes at home for increased 
risk of foot ulceration. Sharma S, Kerry C, Atkins H, Rayman G. Diabet Med. 2014 Sep;31(9):1100-3.
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Appendix 21.5: Care Pathway for People with Diabetic Foot Problems1

At diagnosis and annually thereafter a trained healthcare worker (nurse, doctor, community health worker) must examine patient’s feet 
without socks or bandages to determine risk status:

• Inspect for foot deformities, and skin and nail abnormalities
• Inspect footwear
• Test sensation (monofilament, 128 Hz tuning fork or “touch the toe”)
• Palpate dorsalis pedis and posterior tibial pulses

Training of HCW should be done by diabetes specialists, podiatrists or specialist nurses

Clinical Findings: Clinical Findings: Clinical Findings: Clinical Findings:

• No previous ulcer or amputation
• No deformities
• Normal sensation
• No PAD

Any one of:
• Foot deformity
• Loss of sensation
• PAD

Previous ulcer or amputation, or
2 or more of:
• Foot deformity
• Loss of sensation
• PAD
• Visually impaired
• On renal replacement

Any of:
• Active foot ulcer
• Gangrene
• Spreading infection
• Critical limb ischaemia
• Charcot foot

Low Risk Moderate Risk High Risk Active Foot Disease

Management
• Structured footcare education
• Annual foot screen in primary 

care

Management
• Ongoing education in foot 

protection
• Foot examination at every clinic 

visit
• Vascular, podiatry, orthotics, 

diabetes specialist referral as 
needed

Management
• Ongoing education in foot 

protection
• Foot examination at every visit
• Multi-disciplinary referral within 

1 month, co-ordinated by senior 
diabetes consultant

Management
• Ongoing education in foot 

protection
• Foot examination at every visit
• Multi-disciplinary referral within 

24 hours, co-ordinated by senior 
diabetes consultant

Management for all patients

• Structured patient education
• Control of glycaemia, blood pressure, dyslipidaemia and obesity

PAD: Peripheral arterial disease i.e. both pulses absent in at least one foot, or other signs and symptoms (claudication, pallor, dependent rubor, reduced venous filling, 
poor skin and tissue vitality)
1. Adapted from National Diabetes Programme, Clinical Strategy and Programmes Directorate. Model of Care for the Diabetic Foot (Ireland). 2014 available at http://www.
hse.ie/eng/about/Who/clinical/natclinprog/diabetesprogramme/modelofcarediabetes.pdf (Accessed 21 December 2016)



The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S193

Ca
lo

ri
c 

di
st

ri
bu

tio
n

12
00

 k
ca

l/d
ay

M
ac

ro
nu

tr
ie

nt
 

Co
m

po
si

tio
n

CH
O

: 4
5–

50
%

: R
ec

om
m

en
de

d:
 lo

w
 G

I, 
lo

w
 G

L,
 w

ho
le

 g
ra

in
 a

nd
 h

ig
h 

fib
re

. P
ro

te
in

: 2
0–

30
%

: R
ec

om
m

en
de

d:
 fi

sh
, s

ki
nl

es
s p

ou
ltr

y,
 n

on
-fa

t o
r d

ai
ry

, n
ut

s, 
se

ed
s 

an
d 

le
gu

m
es

. F
at

: <
 3

5%
: R

ec
om

m
en

de
d:

 S
FA

 <
10

%
, c

ho
os

e 
lo

w
-fa

t c
oo

ki
ng

 m
et

ho
ds

 e
.g

. g
ril

l, 
ba

ke
 a

nd
 st

ea
m

Re
co

m
m

en
de

d 
fo

r
W

ei
gh

t r
ed

uc
tio

n 
fo

r w
om

en
  

<1
50

 c
m

 ta
ll

W
ei

gh
t m

ai
nt

en
an

ce
 fo

r w
om

en
  

<1
50

 c
m

 ta
ll 

& 
w

ei
gh

t r
ed

uc
tio

n 
fo

r 
w

om
en

 >
15

0 
cm

 ta
ll

W
ei

gh
t m

ai
nt

en
an

ce
 fo

r w
om

en
  

>1
50

 c
m

 ta
ll 

& 
w

ei
gh

t r
ed

uc
tio

n 
fo

r 
m

en

W
ei

gh
t m

ai
nt

en
an

ce
 fo

r w
om

en
  

>1
50

 c
m

 ta
ll 

& 
fo

r m
en

Li
fe

st
yl

e 
re

cc
om

en
da

tio
ns

Be
gi

n 
ift

aa
r w

ith
 p

le
nt

y 
of

 w
at

er
 to

 o
ve

rc
om

e 
de

hy
dr

at
io

n 
fro

m
 fa

st
in

g;
 K

ee
p 

ph
ys

ic
al

ly
 a

ct
iv

e;
 D

o 
no

t s
le

ep
 fo

r l
on

ge
r t

ha
n 

us
ua

l

Su
hu

r (
M

or
ni

ng
)

30
–4

0%
 o

f t
ot

al
 

ca
lo

ri
es

30
0–

48
0 

kc
al

• 
W

ho
le

 g
ra

in
 b

re
ad

- 1
 sl

ic
e,

 w
ith

 
eg

g-
 1

 la
rg

e
• 

Lo
w

-fa
t m

ilk
- 4

 tb
sp

, w
ith

 o
at

s-
  

3 
tb

sp
 a

nd
 a

lm
on

ds
- ½

 h
an

df
ul

• 
Ap

pl
e-

 1
 

• 
W

at
er

/u
ns

w
ee

te
ne

d 
dr

in
ks

(3
65

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
3)

†

45
0–

60
0 

kc
al

• 
 W

ho
le

 g
ra

in
 b

re
ad

- 2
 sl

ic
es

, w
ith

 
eg

g-
 1

 la
rg

e
• 

 Lo
w

-fa
t m

ilk
- 4

 tb
sp

, w
ith

 o
at

s-
  

3 
tb

sp
 a

nd
 a

lm
on

ds
- ½

 h
an

df
ul

• 
 Ap

pl
e-

 1
 

• 
 W

at
er

/u
ns

w
ee

te
ne

d 
dr

in
ks

(4
75

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
4)

54
0–

72
0 

kc
al

• 
 W

ho
le

 g
ra

in
 b

re
ad

- 2
 sl

ic
es

, w
ith

 
eg

g-
 1

 la
rg

e
• 

 Lo
w

-fa
t m

ilk
- 4

 tb
sp

, w
ith

 o
at

s-
  

6 
tb

sp
 a

nd
 a

lm
on

ds
- 1

 h
an

df
ul

• 
 Lo

w
 fa

t y
og

ur
t-

 0
.5

 tu
b

• 
 Ap

pl
e-

 1
 sm

al
l

• 
 W

at
er

/u
ns

w
ee

te
ne

d 
dr

in
ks

(5
55

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
4.

5)
†

60
0–

80
0 

kc
al

• 
 W

ho
le

 g
ra

in
 b

re
ad

- 2
 sl

ic
es

, w
ith

 
eg

g-
 1

 la
rg

e
• 

 Lo
w

-fa
t m

ilk
- 4

 tb
sp

, w
ith

 o
at

s-
  

6 
tb

sp
 a

nd
 a

lm
on

ds
- 1

 h
an

df
ul

• 
 Lo

w
 fa

t y
og

ur
t-

 0
.5

 tu
b

• 
 Ap

pl
e-

 1
 sm

al
l

• 
 W

at
er

/u
ns

w
ee

te
ne

d 
dr

in
ks

(6
40

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
5.

5)

Sn
ac

k 
1

10
–2

0%
 o

f t
ot

al
 

ca
lo

ri
es

12
0–

24
0 

kc
al

• 
 D

at
es

: 1
–2

• 
 Ba

da
m

 m
ilk

 (l
ow

-fa
t m

ilk
, g

ro
un

d 
al

m
on

ds
- ½

 h
an

df
ul

 a
nd

 c
ar

da
m

om
 

po
w

de
r)-

 1
 g

la
ss

(2
10

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
2)

15
0–

30
0 

kc
al

• 
 D

at
es

: 1
–2

• 
 Ba

da
m

 m
ilk

 (l
ow

-fa
t m

ilk
, g

ro
un

d 
al

m
on

ds
- ½

 h
an

df
ul

 a
nd

 c
ar

da
m

om
 

po
w

de
r)-

 1
 g

la
ss

(2
10

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
2)

18
0–

36
0 

kc
al

• 
 D

at
es

- 1
–2

• 
 Ba

da
m

 m
ilk

 (l
ow

-fa
t m

ilk
, g

ro
un

d 
al

m
on

ds
- ½

 h
an

df
ul

 a
nd

 c
ar

da
m

om
 

po
w

de
r)-

 1
 g

la
ss

(2
10

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
2)

20
0–

40
0 

kc
al

• 
 D

at
es

- 1
–2

• 
 Ba

da
m

 m
ilk

 (l
ow

-fa
t m

ilk
, g

ro
un

d 
al

m
on

ds
- ½

 h
an

df
ul

 a
nd

 c
ar

da
m

om
 

po
w

de
r)-

 1
 g

la
ss

(2
10

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
2)

Ift
aa

r (
Ev

en
in

g)
40

–5
0%

 o
f t

ot
al

 
ca

lo
ri

es

48
0–

60
0 

kc
al

• 
 Ba

ke
d 

m
in

ce
 sa

m
os

as
- 2

–3
• 

 H
al

ee
m

 (w
he

at
, o

at
s a

nd
 m

ea
t 

br
ot

h)
- ½

 c
up

• 
 Ba

sm
at

i/p
ar

bo
ile

d 
ric

e-
 0

.5
 c

up
/ 

ro
ti-

 1
 sm

al
l

• 
 G

ril
le

d 
or

 c
ur

rie
d 

le
an

 c
hi

ck
en

/ 
fis

h-
 4

 o
z

• 
 Sa

la
d/

ve
ge

ta
bl

es
• 

 W
at

er
/u

ns
w

ee
te

ne
d 

dr
in

ks
(4

90
 k

ca
l, 

CH
O

 e
xc

ha
ng

e 
= 

3)

60
0–

75
0 

kc
al

• 
 Ba

ke
d 

m
in

ce
 sa

m
os

as
- 2

–3
• 

 H
al

ee
m

 (w
he

at
, o

at
s a

nd
 m

ea
t 

br
ot

h)
- 1

 c
up

• 
 Ba

sm
at

i/p
ar

bo
ile

d 
ric

e-
 0

.5
 c

up
/ 

ro
ti-

 1
 sm

al
l

• 
 G

ril
le

d 
or

 c
ur

rie
d 

le
an

 c
hi

ck
en

/ 
fis

h-
 4

 o
z

• 
 Sa

la
d/

ve
ge

ta
bl

es
• 

 W
at

er
/u

ns
w

ee
te

ne
d 

dr
in

ks
(6

35
 k

ca
l, 

CH
O

 e
xc

ha
ng

e 
= 

4)

72
0–

90
0 

kc
al

• 
 Ba

ke
d 

m
in

ce
 sa

m
os

as
- 2

–3
• 

 H
al

ee
m

 (w
he

at
, o

at
s a

nd
 m

ea
t 

br
ot

h)
- 1

 c
up

• 
 Ba

sm
at

i/p
ar

bo
ile

d 
ric

e-
 1

 c
up

/ r
ot

i- 
2 

sm
al

l
• 

 G
ril

le
d 

or
 c

ur
rie

d 
le

an
 c

hi
ck

en
/ 

fis
h-

 4
 o

z
• 

 Sa
la

d/
ve

ge
ta

bl
es

• 
 W

at
er

/u
ns

w
ee

te
ne

d 
dr

in
ks

(7
10

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
5)

80
0–

10
00

 k
ca

l
• 

 Ba
ke

d 
m

in
ce

 sa
m

os
as

- 2
–3

• 
 H

al
ee

m
 (w

he
at

, o
at

s a
nd

 m
ea

t 
br

ot
h)

- 1
.5

 c
up

s
• 

 Ba
sm

at
i/p

ar
bo

ile
d 

ric
e-

 1
 c

up
/ r

ot
i- 

2 
sm

al
l

• 
 G

ril
le

d 
or

 c
ur

rie
d 

le
an

 c
hi

ck
en

/ 
fis

h-
 4

 o
z

• 
 Sa

la
d/

ve
ge

ta
bl

es
• 

 Fr
ui

t, 
1 

pi
ec

e
• 

 W
at

er
/u

ns
w

ee
te

ne
d 

dr
in

ks
(8

50
 k

ca
l, 

CH
O

 e
xc

ha
ng

e 
= 

6)

Sn
ac

k 
2

10
–2

0%
 o

f t
ot

al
 

ca
lo

ri
es

12
0–

24
0 

kc
al

• 
 U

ns
w

ee
te

ne
d 

fru
it 

in
 th

ei
r  

ju
ic

e-
 ½

 c
up

• 
 W

at
er

/u
ns

w
ee

te
ne

d 
dr

in
ks

 
(1

20
 k

ca
l, 

CH
O

 e
xc

ha
ng

e 
= 

1)

15
0–

30
0 

kc
al

• 
M

ilk
-b

as
ed

 d
es

se
rt

 w
ith

 sw
ee

te
ne

r 
(p

hi
rn

i/f
al

oo
da

/r
as

m
al

ai
)- 

1 
cu

p
• 

W
at

er
/u

ns
w

ee
te

ne
d 

dr
in

ks
 

O
R

• 
U

ns
w

ee
te

ne
d 

fru
it 

in
 th

ei
r 

 ju
ic

e-
 1

 c
up

, w
ith

 c
us

ta
rd

 a
nd

 
sw

ee
te

ne
r- 

0.
5 

cu
p 

(2
35

 k
ca

l, 
CH

O
 e

xc
ha

ng
e 

= 
2.

5)

18
0–

36
0 

kc
al

• 
M

ilk
-b

as
ed

 d
es

se
rt

 w
ith

 sw
ee

te
ne

r 
(p

hi
rn

i/f
al

oo
da

/r
as

m
al

ai
)- 

1 
cu

p
• 

W
at

er
/u

ns
w

ee
te

ne
d 

dr
in

ks
 

O
R

• 
 U

ns
w

ee
te

ne
d 

fru
it 

in
 th

ei
r j

ui
ce

-  
1 

cu
p,

 w
ith

 c
us

ta
rd

 a
nd

 sw
ee

te
ne

r- 
0.

5 
cu

p 
(2

35
 k

ca
l, 

CH
O

 e
xc

ha
ng

e 
= 

2.
5)

20
0–

40
0 

kc
al

• 
 M

ilk
-b

as
ed

 d
es

se
rt

 w
ith

 sw
ee

te
ne

r 
(p

hi
rn

i/f
al

oo
da

/r
as

m
al

ai
)- 

1 
cu

p
• 

 W
at

er
/u

ns
w

ee
te

ne
d 

dr
in

ks
 

O
R

• 
 U

ns
w

ee
te

ne
d 

fru
it 

in
 th

ei
r j

ui
ce

-  
1 

cu
p,

 w
ith

 c
us

ta
rd

 a
nd

 sw
ee

te
ne

r- 
0.

5 
cu

p 
(2

35
 k

ca
l, 

CH
O

 e
xc

ha
ng

e 
= 

2.
5

J E M D S A
ISSN 1608-9677           EISSN 2220-1009 

© 2017  The Author(s)

S E M D S A  G U I D E L I N E S

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)
http://dx.doi.org/10.1080/16089677.2015.1056468

Open Access article distributed under the terms of the
Creative Commons License [CC BY-NC-ND 4.0]
http://creativecommons.org/licenses/by-nc-nd/4.0

Appendix 26: Ramadan dietary recommendations and meal plans



The page number in the footer is not for bibliographic referencingwww.tandfonline.com/oemd S194

J E M D S A
ISSN 1608-9677           EISSN 2220-1009 

© 2017  The Author(s)

S E M D S A  G U I D E L I N E S

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2017 ; 22(1)
http://dx.doi.org/10.1080/16089677.2015.1056468

Open Access article distributed under the terms of the
Creative Commons License [CC BY-NC-ND 4.0]
http://creativecommons.org/licenses/by-nc-nd/4.0

Appendix 29: The evaluation of male sexual dysfunction in type 2 diabetes  
SEMDSA Type 2 Diabetes Guideline Expert Committee

Step 1

Step 2

Step 4

Step 5

Step 3

Screen regularly for sexual dysfunction
(Brief sexual symptom checklist for men; 

Sexual Complaints Screener for Men)1

-if present

Basic Evaluation

Specialized tests and/or referral
 Colour Penile Doppler
 Referral to endocrinologist - TT < 5 nmol/L
 Referral to urologist – Peyronies Disease 
 Referral to cardiologist if stress ECG is positive

Mandatory:
1. Sexual history

•   ED/Nocturnal -Erections -EME/Loss of Libido
•   Ejaculatory Disorders (Premature; Delayed;  
     Retrograde Ejaculation)
•   Fertility

2. Medical history
•   Duration of DM/ DM complications
•   Dyslipidemia
•   Hypertension
•   Obstructive sleep apnoea
•   CVD/Family History
•   Drug History

3. Psychosocial history
•   Depression
•   Performance anxiety
•   Relationship issues
•   Partner illnesses
•   Focused physical exam

Highly Recommended
1. Focused physical exam

•   Peyronies /Balanitis /Candidiasis
•   Pulses
•   Testicular size
•   Bulbocavernous reflex
•   Digital rectal examination
•   Signs of Hypogonadism

2. Lab tests
•   HbA1C Lipogram
•   Testosterone
•   PSA > 50yrs or if on TTh
•   Stress ECG if ED is present

• Counselling and/or life style modification
• Psychological (cognitive / behavioural / sex therapy)
• Medical (PDE5 inhibitors- ICI / testosterone replacement / co-morbidity control)
• Surgery (Peyronies)

• Treatment outcome (sexual function/adherence)
•  Patient/partner/relationship satisfaction
•  Life satisfaction/ Quality of  life

Findings indicate 
further specific 

evaluation

Findings do not 
preclude treatment

Treatment

Evaluation of sexual 
well-being

Patient and partner education; and shared 
decision making

DM: diabetes mellitus; EME: early morning erection; ED: erectile dysfunction ; PSA: prostate specific antigen; TT: total testosterone; PDE5i: 
Phosphodiesterase enzyme 5 inhibitors; TTh: testosterone therapy
1.Hatzichristou D, Rosen RC, Derogatis LR et al. Recommendations for the clinical evaluation of men and women with sexual dysfunction. J Sex 
Med. 2010 Jan;7(1 Pt 2):337-48.
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