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Estimating the burden of disease attributable to diabetes in

South Africa in 2000

Debbie Bradshaw, Rosana Norman, Desiréé Pieterse, Naomi S Levitt and the South African Comparative Risk Assessment

Collaborating Group

Objectives. To estimate the burden of disease attributable to
diabetes by sex and age group in South Africa in 2000,

Design. The framework adopted for the most recent World
Health Organization comparative risk assessment (CRA)
methodology was followed. Small community studies used to
derive the prevalence of diabetes by population group were
weighted proportionately for a national estimate. Population-
attributable fractions were calculated and applied to revised
burden of disease estimates. Monte Carlo simulation-modelling
techniques were used for uncertainty analysis.

Setting. South Africa.
Subjects. Adults 30 years and older.

Outcome measures. Mortality and disability-adjusted life years
(DALYSs) for ischaemic heart disease (IHD), stroke, hypertensive
diseaseand renal failure.

Results. Of South Africans aged > 30 years, 5.5% had diabetes

Diabetes, a disease with significant morbidity and premature
mortality, is affecting increasing numbers of people worldwide.
The World Health Organization (WHO) estimated that in 1998
there were 135 million people with diabetes.' The estimate rose
to 171 million people in 2000 and has been projected to increase
to 366 million in 2030.> Much of the increase will occur in
developing countries, arising from growth and ageing of the
population as well as urbanisation associated with increasing
trends towards unhealthy diets, obesity and sedentary
lifestyles resulting in late-onset diabetes (type 2).> The global
trend of increasing obesity will exacerbate the situation and

is very concerning as the morbidity and health care costs
associated with diabetes are considerable. Diabetes is not only
the most common cause of non-traumatic amputations and

a leading cause of blindness, it also accounts for a significant
proportion of end-stage renal disease requiring dialysis and
transplantation. Good quality care and management of diabetes
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which increased with age. Overall, about 14% of THD, 10% of
stroke, 12% of hypertensive disease and 12% of renal disease
burden in adult males and females (30+ years) were attributable
to diabetes. Diabetes was estimated to have caused 22 412 (95%
uncertainty interval 20 755 - 24 872) or 4.3% (95% uncertainty
interval 4.0 - 4.8%) of all deaths in South Africa in 2000. Since
most of these occurred in middle or old age, the loss of healthy
life years comprises a smaller proportion of the total 258 028
DALYs (95% uncertainty interval 236 856 - 290 849) in South
Africa in 2000, accounting for 1.6% (95% uncertainty interval
1.5 - 1.8%) of the total burden.

Conclusions. Diabetes is an important direct and indirect cause
of burden in South Africa. Primary prevention of the disease
through multi-level interventions and improved management

at primary health care level are needed.

S Afr Med | 2007; 97: 700-706.

can reduce the impact of these complications. However, in
developing countries, competing needs restrict the capacity of
resource-limited health services to achieve these reductions.
Globally, diabetes is also an increasingly important cause of
mortality. When the excess mortality attributed to diabetes was
taken into account, it was estimated to be the 5th leading cause
of death in the year 2000 accounting for 5.2% of all deaths
globally,* with heart disease, stroke and renal failure largely
accounting for the additional deaths.

Unlike the situation with hypertension and high body mass,
no national prevalence statistics for diabetes are available in
South Africa. However, a number of epidemiological studies
have been conducted in selected communities in the 1980s
and 1990s.5"° These revealed a clear rural-urban gradient with
higher prevalence in urban settings, in addition to a gradient
across different population groups. Studies reported the
highest prevalence in the Indian population, followed by the
coloured and then the black population. There is little data
on the prevalence of diabetes among whites. Based on the
available epidemiological data, approximately 1 - 1.5 million
South Africans are considered to have diabetes. The South
African National Burden of Disease Study" reported that
diabetes was the 10th Jeading cause of death among persons
of all ages in 2000, accounting for an estimated 13 500 deaths
(2.6% of the total). This estimate reflects deaths where diabetes
would be selected as the underlying cause but excludes the
excess deaths resulting from the increased risk of mortality
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from cardiovascular disease that is associated with diabetes or
diabetes-related renal failure that is misclassified. Although not
included in the global risk factor assessment,” diabetes was
identified by the South African National Department of Health
as a risk factor of major concern. The aim of the present study
is to quantify the burden of disease in terms of deaths and loss
of healthy life years (DALYs) attributed to diabetes by sex and
age group in South Africa for the year 2000.

Methods

Comparative risk assessment (CRA) methodology developed
by the World Health Organization'*"® was used. In addition

to the burden directly attributed to diabetes estimated in the
South African National Burden of Disease study for 2000,

the additional attributable burden is assessed by calculating
the attributable fraction from estimates of the prevalence of
diabetes in the population and the relative risk (RR) of selected
health outcomes. Attributable burdens were calculated by
applying the relevant population attributable fractions (PAFs)
to the estimate of current disease burden.

The prevalence of diabetes was estimated as a weighted
average of the results from selected studies to represent
subpopulations.>® The only data available to represent
black Africans living in a rural area were collected in the
former homeland of QwaQwa.? The study by Levitt et al.®
demonstrated a clear increase in the prevalence of diabetes
associated with the length of stay in the urban area, and
the 1998 South African Demographic and Health Survey
(SADHS)" showed that the prevalence of overweight and
obesity among black Africans was twice as high in the urban
setting compared with the rural setting. The prevalence
data from QwaQwa were surprisingly high and similar to
the urban township of Mangaung. This could be attributed
to the close proximity of the former homeland to the urban
setting. It was therefore decided to conservatively assume
that the prevalence of diabetes in the rural area was half that
estimated for the urban black population. Population weights
for urban black Africans, rural black Africans and the other
population groups were based on the Actuarial Society of
South Africa population estimate for the year 2000 by age and
sex. The population group classification is used in this article
to demonstrate differences in the risk factor profile and the
subsequent burden. Data are based on self-reported categories
according to the population group categories used by Statistics
South Africa. Mentioning such differences allows for a more
accurate estimate of the overall burden and may assist in
higher effectiveness of future interventions. The authors do
not subscribe to this classification for any other purpose. The
revised World Health Organization criteria®™ were used to
define the presence of diabetes, i.e. a venous plasma glucose
concentration of 27 and/or > 11.1 mmol/1 taken 2 hours after a
75 g oral glucose challenge.
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The outcomes assessed were ischaemic heart disease (IHD),
stroke, hypertensive disease and renal failure (nephritis/
nephrosis excluding hypertensive renal disease). According

to International Classification of Diseases (ICD) rules, diabetes
should be recorded as the underlying cause of death from
end-stage renal failure caused by diabetes. As extensive
misclassification has been observed as a result of incomplete
certification in other settings,"”"® and the need for better
certification has been identified in South Africa,” it was
assumed that a proportion of the deaths ascribed to nephritis/
nephrosis were likely to have resulted from diabetes. A review
of the literature provided several estimates of the RRs of

these outcomes.”® However, the Asia Pacific Cohort Studies
Collaboration™ includes most of the prospective observational
studies conducted in both Indian and Caucasian populations
in the region. It provides reliable evidence on the effects of a
variety of modifiable risk factors, including diabetes, on the
risks of major cardiovascular diseases and other common
causes of death in populations from this region. The age- and
sex-specific hazards (Table I) re-categorised to match the
burden of disease age groups were used in this study. As there
were no relative risks published for hypertensive disease, the
RR for all cardiovascular disease was used.

Customised MS Excel spreadsheets were used to calculate
the attributable burden using the PAF formula for each age
interval:

P(RR-1)

PAF =—————
P(RR-1)+1

where P is the prevalence of exposure and RR is the relative
risk of disease in the exposed versus unexposed group. PAFs
were then applied to revised South African burden of disease
estimates for 2000 with methods and assumptions described
elsewhere™ to calculate attributable burden (number of deaths,
years of life lost (YLLs) due to premature mortality, years of
life lived with disability (YLDs) and DALYs). Because of data
limitations, all diabetes burden in adults 30 years and older
was assumed to be type 2 diabetes.

Monte Carlo simulation-modelling techniques were used to
present uncertainty ranges around point estimates that reflect
all the main sources of uncertainty in the calculations. We
used the @RISK software version 4.5 for Excel,® which allows
multiple recalculations of a spreadsheet, each time choosing
a value from distributions defined for input variables. For the
prevalence of diabetes in adults aged 30+ we assumed that the
weighted national estimates could vary by 20%, and specified
a triangular distribution with three points (minimum, most
likely and maximum). For the RR input variables we specified
a normal distribution around the logged point estimate and
its standard error derived from the published values and their
95% contidence intervals (Cls) (Table I). For each of the output
variables (namely attributable burden as a percentage of total
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Table I. Adjusted hazard ratios for cardiovascular and renal

disease

Sex/Age (years)  Hazard ratio 95% CI

All ischaemic heart disease events (120-125)
Males 2.03 (1.60 - 2.59)
Females 2.54 (1.84 - 3.49)
< 60 4.38 (2.63 -7.31)
60 - 74 2.44 (1.84 - 3.22)
75+ 1.57 (1.14 - 2.16)

Cerebrovascular deaths (160-169)
Males 2.04 (1.46 - 2.84)
Females 2.00 (1.37 - 2.92)
<60 2.57 (1.00 - 6.59)
60 -74 2.69 (1.91 - 3.80)
75+ 1.30 (0.86 - 1.96)

Non-fatal cerebrovascular events (160-169)
Male + female 2.09 (1.65 - 2.64)

All cardiovascular disease (100-126, 128-184, 186-199, ]J81)

<60 347 (2.30-5.21)
60-74 227 (1.87 - 2.75)
75+ 1.49 (1.20 - 1.84)

Renal disease excluding cancer (N00-N19)
Male + female 2,93 (1.70 - 5.04)

Source: Asia Pacific Cohort Studies Co]labmration;34 ICD-10 codes.u’

burden in South Africa 2000), 95% uncertainty intervals were
calculated bounded by the 2.5th and 97.5th percentiles of the
2000 iteration values generated.

Results

The estimated prevalence of diabetes among South African
adults 30 years and older was 5.5% in 2000 and varied by age
and sex, as can be seen from Fig. 1. The prevalence increased
with age for both males and females, and although it was
similar for males and females in the younger age groups, there
was a marked difference over the age of 60 years.
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Fig. 1. Estimated prevalence of diabetes by age and sex, South Africa,
2000.
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The prevalence of diabetes varied by population group,
as shown in Table Il. The Indian population group had the

highest prevalence of diabetes. The prevalence was consistently
higher for women of all population groups except for Indians.
The prevalence of diabetes was also highest in the older

age groups (60 years and older). In Indians there was also a
marked increase in the 45 - 49-year age groups for both men
and women.

Table III gives a summary of the attributable burden in
terms of deaths and DALYs resulting from each of the related
conditions. Compared with other conditions, the PAFs were
highest for ITHD for both males and females. In adults 30
years and older, diabetes caused 13 166 deaths in 2000 directly
and a further 9 246 could be attributed through IHD, stroke,
hypertensive disease and renal failure. Thus 22 412 (95%
uncertainty interval 20 755 - 24 872) or 4.3% (95% uncertainty
interval 4.0 - 4.8%) of all deaths were attributed to diabetes
in South Africa in 2000. Almost half of the attributable deaths
occurred among adults of working age: 47.2% of those who
died were under 65 years. Fig. 2 shows the age and sex
distribution of the deaths and highlights that the peak burden
for men was in the age range 45 - 59 years, while for women it
was higher and occurred in the age range 60 - 69 years. There
were more attributable deaths in females than in males, and
overall diabetes accounted for 5.7% of all female and 3.0% of
all male deaths in South Africa in 2000.
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Fig. 2. Diabetes-attributable mortality by cause, age and sex, South Africa,
2000.

A total of 258 028 DALYSs (95% uncertainty interval
236 856 - 290 849) were attributable to diabetes. Although
IHD accounted for more deaths than stroke in females, the
DALYs for stroke were higher than those for IHD because of
the greater disability component (YLDs) for stroke. Since most
diabetes-related deaths occur in the elderly, the loss of life
years accounts for a lower proportion of the total DALYs than
deaths, i.e. 1.6% (95% uncertainty interval 1.5 - 1.8%) of the
total.
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Table II. Prevalence (%) of diabetes by population group, age and sex, South Africa, 2000

Population group Age group Males
Urban black African 30- 44 22
45-59 9.2
60 - 69 10.8
70-79 10.8

80+

Non-urban black African

Coloured

White

Asian/Indian

South Africa

Females Persons
“““““ 5 1.8
13.0 11.2

16.7 14.1

16.7 14.3

14.7

Discussion

This study estimated that over 20 000 deaths, accounting for
4.3% of all deaths in South Africa in 2000, could be attributed
to diabetes when excess mortality was taken into account. This
places diabetes as the 7th commonest cause of death in this
country, which is lower than the 5th place accorded to diabetes
in the global study for the same year. In that report, Roglic et
al* found that diabetes had a global mortality of 2.9 million
deaths and accounted for 5.2% of all deaths. Not surprisingly,
the South African estimates from our study fall between the
lowest mortality (2.4%) reported for the poorest African and
Western Pacific countries, and the highest mortality (~9%) in
the Arabian Peninsula, East Mediterranean region, Canada
and the USA. Interestingly, the global mortality attributable

to HIV/ AIDS and diabetes are similar, unlike the situation

in South Africa where the former accounted for 6 times more
deaths than diabetes in 2000.
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Yet our estimates for mortality attributable to diabetes may
well be conservatively low. Firstly, they are based on cross-
sectional prevalence data obtained 5 - 15 years previously as
current diabetes prevalence data were not available. Given
global trends, these prevalences are likely to underestimate
the prevalences for 2000. Secondly, RRs for IHD, stroke and
renal disease from the Asia Pacific region were used because
of the absence of available data from Africa.** However, the
INTERHEART study™ indicates that the RR for IHD at least
may be higher for the black African population. Similarly, it is
quite conceivable that the RR for deaths due to renal disease
may be higher in South Africa than the Asia Pacific region.
Although South Africa has well-developed public and private
health sectors, there is strict rationing of renal replacement
to the ~80% of the population served by the public sector. In
this sector, renal replacement treatment is generally limited to
patients under 60 years old who have stable employment and
social support. The age cut-off tends to exclude the majority
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1.6%
15-1.8%

236 856 - 290 849

4.3%
40-48%

20755 -24 872

2.0%
1.9-23%

144 989 - 175 341

5.7%
53-6.3%

13047 -15618

1.2%
1.1-14%

91 391 - 117 425

7597 -9 378
3.0%
2.8-34%

95% uncertainty interval

% of total
95% uncertainty interval

SAM]J

*Renal disease/failure PAFs a

1,

pplied to nephritis/nephrosis burden (revised South African National Burden of Disease Study 2000).!
Type Il diabetes PAFs were applied to the total diabetes burden in adults 30 years and older (revised South African National Burden of Disease Study 2000).

11

population-attributable fraction; DALYs = disability-adjusted life years.

PAF =

of people with endstage diabetic renal
disease. Indeed, Moosa and Kidd®
reported that only 6.2% of patients
accepted for renal replacement therapy
at a public sector tertiary hospital were
diabetic. In contrast, approximately
half of patients receiving long-term
dialysis in the private sector have
diabetes (Dr Charles Swanepoel,
University of Cape Town - personal
communication, 2007), akin to the
situation in the developed countries.

The South African diabetes age-
standardised mortality rate of about
50 per 100 000 population is the 25th
highest in the world,* considerably
higher than would be expected for a
country with a diabetes prevalence
in the mid-third of countries globally.
The high mortality relative to the
prevalence may well be a reflection of
the suboptimal health care delivery for
diabetes in this country.*** Inadequate
glycaemia control, inadequate levels
of hypertension control (which co-
exists in 50 - 60% of people with type
2 diabetes), infrequent examination for
complications of diabetes despite their
common occurrence and lack of access
to lipid-lowering therapy have all been
reported by these studies.

It is quite possible to reduce the
burden due to diabetes in South
Africa. There are unequivocal data that
public health interventions can have
a considerable impact on outcome
in people with diabetes. In a recent
review, Narayan ef al.*' examined the
cost-effectiveness of interventions
for preventing and treating diabetes
in developing regions of the world
and stratified these according to their
feasibility and implementation priority.
Feasibility was evaluated according to
the level of difficulty in reaching the
target population, the technological
requirements or expertise, and the
cultural acceptability and capital
needed. In this exercise, interventions
such as glycaemia control in people
with a haemoglobin (HbA,.) level of >
9%, blood pressure control in people
with blood pressure > 160/95 mmHg

and foot care in people with ulcers
were assessed as highly feasible and
cost-saving, and were also graded as
having the greatest implementation
priority in all developing regions of the
world. South Africa has a considerably
better health structure and greater
resource allocation to health than the
other sub-Saharan African countries.
Thus it is conceivable that further
interventions could be undertaken.

The next stratum of interventions

all cost $160 per DALY or less and
include preconception care for women
of reproductive age (cost-saving),
lifestyle interventions for preventing
type 2 diabetes (cost $60) and influenza
vaccines among the elderly with type 2
diabetes (cost $160 per DALY).

A recent analysis,” based on the
evidence that cardiovascular mortality
risk increases continuously with
blood glucose levels, commencing
well below the diagnostic threshold
for diabetes, found that higher-than-
optimal blood glucose concentrations
globally contributed a further 1 490 000
deaths from IHD and 709 000 deaths
from stroke to the 959 000 deaths
directly attributed to diabetes globally.
These data indicate that a significant
proportion of all deaths due to IHD
(21%) and stroke (13%) can be accounted
for by non-optimal blood glucose levels
and highlight the need for an integrated
approach to the management of these
interrelated diseases. Development of
the chronic care model at the primary
care level - including adequately
trained nurses and other support staff,
equipment and supply of drugs should
assist in this regard. This challenge will
be exacerbated by the potential growing
numbers of HIV-positive people
receiving antiretroviral treatment, as
a proportion of those using protease
inhibitors may be expected to develop
diabetes.”

There is also the issue of diabetes
prevention. A number of randomised
trials* have reported that intensive
lifestyle intervention delays or prevents
type 2 diabetes. There is a considerable
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challenge in extending these findings to the general population
and it would require major partnerships between government,
communities, non-governmental organisations (NGOs)

and industries, supporting shifts in social policy, such as
creating environments conducive to increasing possibilities

for safe physical activity and eating healthily. The national
Department of Health has already launched the healthy
lifestyle programme, but its implementation and uptake are
uncertain. In the same vein, the first national guidelines for
the management of diabetes at the primary care level were
published in 1997, but this did not appear to impact on the
quality of care because of problems with implementation.
Indeed, sufficient policies for the management and prevention
of diabetes and other chronic diseases have been developed at
a national level. These however remain to be implemented by
the provinces and local authorities. Clearly a new framework
is critical to drive the successful implementation of national
policies and guidelines. This requires an integrated platform
between different levels of government, NGOs and industry to
co-crdinate the implementation of these policies. Importantly,
measures to evaluate these must also be put in place.

Conclusions and recommendations

In conclusion, the burden due to diabetes is unacceptably

high in South Africa. Intensive efforts are required to improve
health care delivery such that the proportions of people
achieving targets for blood pressure and blood glucose control,
as well as receiving appropriate screening for complications
with subsequent intervention, can achieve levels that will
impact on morbidity and mortality. Colagiuri et al.** argue that
changes in social policy will be the key to changing the social
anc physical environment required to achieve widespread
reductions in the incidence and prevalence of diabetes.

The launch of the Diabetes Strategy for Africa in December
2006* is timeous as it outlines a plan of action and calls on
governments, NGOs and industry to implement an integrated
and comprehensive approach to reduce the burden of diabetes
in the region. It advocates the continuum of interventions from
primary prevention right through to palliative care. South
Africa is well ahead in the diabetes epidemic but also has
many of the resources required to place it at the forefront of
implementing the plan of action.

The other members of the Burden of Disease Research Unit of the
South African Medical Research Council: Pam Groenewald, Nadine
Nannan, Michelle Schneider, Beatrice Nojilana, Jane Joubert,

Karin Barnard and Elize de Kock, are thanked for their valuable
contribution to the South African Comparative Risk Assessment
Project. Ms Leverne Gething is gratefully acknowledged for editing,
the manuscript. Ms Ria Laubscher and Dr Lize van der Merwe of
the MRC Biostatistics Unit made contributions via their statistical

expertise and assistance and Professor Nigel Unwin of Newcastle

August 2007, Vol. 97, No. 7 SAM]

University kindly reviewed the article. Our sincere gratitude is also
expressed for the valuable contribution of Associate Professor Theo
Vos, University of Queensland School of Population Health. We
thank him not only for providing technical expertise and assistance,
but also for his enthusiasm and support from the initial planning
stages of this project.

References

1. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-2025: prevalence,
numerical estimates, and projections. Diabetes Care 1998; 21: 1414-1431.

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimate for the
year 2000 and projections for 2030. Diabetes Care 2004; 27: 1047-1053.

3. Green A, Christian HN, Kroger PS. The changing world demography of type 2 diabetes.
Diabetes Metab Res Rev 2003; 19(1): 3-7.

4. Roglic G, Unwin N, Bennet P11, ¢f al. The burden of mortality attributable to diabetes: realistic
estimates for the year 2000. Dinbetes Care 2005; 28: 2130-2135.

5. Levitt NS, Katzenellenbogen M, Bradshaw D, Hoffman MN, Bonnici F. The prevalence
and identification of risk factors for NIDDM in urban Africans in Cape Town, South Africa.
Diabetes Care 1993; 16: 601-607.

6. Omar MA, Scedat MA, Motala AA, Dyer RB, Becker I The prevalence of diabetes mellitus
and impaired glucose tolerance in a group of urban South African blacks. S Afr Med | 1993;
83: 641-643.

7. Omar MA, Seedat MA, Dyer RB, Motala AA, Knight LT, Becker PJ. South African Indjans
show a high prevalence of NIDIDM and bimodality in plasma glucose distribution patterns.
Diabetes Care 1994; 17(1): 70-73.

8. Mollentze WE Moore AJ, Steyn AF ef al. Coronary heart disease risk factors in a rural and
urban Orange Free State black population. S Afr Med ] 1995; 85: 90-96.

9. Jevitt NS, Steyn K, Lambert EV, et al. Modifiable risk factors for type 2 diabetes mellitus in a
peri-urban community in South Africa. Diabet Med 1999; 16: 946-950.

10. Motala AA, Pirie FJ, Gouws E, Amod A, Omar MA. High incidence of type 2 diabetes
mellitus in South African Indians: a 10-year follow-up study. Diabet Med 2003; 20(1): 23-30.

11. Norman R, Bradshaw D, Schineider M, Pieterse D, Groenewald P. Revised Burden of Disease
Estimates for the Comparative Risk Factor Assessment, South Africa 2000. Medical Research
Council Technical Report. Parow: Medical Research Council, 2006. http:/ /www.mrc.ac.za/
bad /bod.him (last accesscd 25 January 2007).

12. World Health Organization. World Health Report. Reducing Risk, Promoting Healthy Life.
Geneva: WIIO, 2002: 54-55.

13. Ezzati M, Lopez A, Rodgers A, Vander Hoorn S, Murray C. Selected major risk factors and
global and regional burden of disease. Lancet 2002; 360: 1347-1360.

14. Department of Fealth, Medical Research Council, Measure DHS+. South African Demographic
and Health Survey 1998. Full report. Pretoria: DOH, 2002.

15. World Health Organization. Prevention of Diabetes Mellitus: Report of a WHO Study Group.
WIIOE 1004. World Health Organ Tech Rep Ser 1985; No. 844.

16.  World Health Organization. International Classification of Diseases and Related Health Conditions.
10th ed. Geneva: WHO, 1992,

17. McEwen LN, Kim C, ITaan M, et al. TRIAD Study Group. Diabetes reporting as a cause of
death: results from the Translating Rescarch Into Action for Diabetes (TRIAD) study. Digbetes
Care 2006; 29: 247-253.

18.  Thomason MJ, Biddulph J¥, Cull CA, Holman RR. Reporting of diabetes on death certificates
using data from the UK Prospective Diabetes Study. Diabet Med 2005; 22: 1031-1036.

19. Bah S. Improving the quality of cause-of-death statistics in South Africa — some practical
steps. § Afr Med | 2005; 95: 902-903.

20. Stamler J, Vaccaro O, Neaton J, Wentworth D for the Multiple Risk Factor Intervention Trial
Resarch Group. Diabetes, other risk factors, and 12-yr cardiovascular mortality for men
screcned in the multiple risk factor intervention trial. Diabetes Care 1993; 16: 434-444.

21. Chaturvedi N, Jarrett §, Morish N, Keen H, Fuller JH. Differences in mortality and morbidity
in African Caribbean and European people with non-insulin dependent diabetes mellitus:
results of 20 year follow-up of a London cohort of multinational study. BMJ 1996; 313: 848-
852.

22. Swerdlow AJ, Jones ME. Mortality during 25 years of follow-up of a cohort with diabetes. Int
| Epi 1996; 25: 1250-1261.

23, Tuomilehto J, Rastenyté D, Jousilahti P, Sarti C, Vartiainen E. Diabetes mellitus as a risk factor
for death from stroke: Prospective study of the middle-aged Finnish population. Stroke 1996;
27:210-215.

24. Turner RC, Millns H, Neil HAW, et al. for the United Kingdom Prospective Diabetes Study
Group. Risk factors for coronary artery disease in non-insulin dependent diabetes mellitus:
United Kingdom prospective diabetes study (UKPDS: 23). BM] 1998; 316: 823-828.

25. GuK, Cowie CC, [arris ML Mortality in adults with and without diabetes in a national
cohort of the US population, 1971-1993. Diabetes Care 1998; 21: 1138-1145.

26. Coutinho M, Gerstein HC, Wang Y, Yusuf S. The relationship between glucose and incidence
of cardiovascular events: a metaregression analysis of published data from 20 studies of 95
783 individuals followed for 12.4 years. Digbefes Care 1999; 22: 233-240.

27. Gillum RF. Risk factors for strake in blacks: a critical review. Am | Epidemiol 1999; 150: 1266-
1274,

28. Lotufo PA, Gaziano JM, Chae CU, et al. Diabetes and all-cause and coronary heart disease
mortality among US male physicians. Arch Intern Med 2001; 161: 242-247.

29. DECODE Study group on behalf of the European Diabetes Epidemiology Group. Glucose
tolerance and cardiovascular mortality: Comparison of fasting and 2-hour diagnostic criteria.
Arch Intern Med 2001; 167: 397-404.




ORIGINAL ARTICLES

30.

3L

32.

33.

35.

36.

37.

Evans JMM, Wang J, Morris AD. Comparison of cardiovascular risk between patients with
type 2 diabetes and those who had a myocardial infarction: cross sectional and cohort
studies. BM] 2002; 324: 939-942.

Eberly LE, Cohen |D, Prineas R, Yang L for the Multiple Risk Factor Intervention Trial
Research Group. Impact of incident diabetes and incident nonfatal cardiovascular disease on
18-year mortality: the Multiple Risk Factor Intervention Trial experience. Diabetes Care 2003;
26: 848-854.

Ma S, Cutter E, Tan CE, Chew SK, Tai ES. Associations of diabetes mellitus and ethnicity with
mortality in a multiethnic Asian population: Data from the 1992 Singapore National Health
Survey. Am | Epidemiol 2003; 158: 543-552.

Steyn K, Silwa K, Hawken §, et al. for the INTERHEART Investigators in Africa. Risk factors
associated with myocardial infarction in Africa. The INTERHEART Africa study. Circulation
2008; 112: 3554-3561.

Asia Pacific Cohort Studies Collaboration. The effects of diabetes on the risks of major
cardiovascular diseases and death in the Asia-Pacific region. Diabetes Care 2003; 26: 360-366.
Palisade Corporation. @RISK software version 4.5 for Excel. New York: Palisade Corporation,
2002.

Moosa MR, Kidd M. The dangers of rationing dialysis treatment: dilemmas facing a
developing country. Kidney Int 2006; 70: 1107-1114.

World Health Organization. Death and DALY estimates for 2002 by cause for WHO member states.
Geneva: WHO, 2004. http:/ /www.who.int/healthinfo/statistics/bodgbddeathdalyestimates.
xls (last accessed 20 May 2007).

38.

39.

40.

41.

42,

43,

44,

45,

Haque M, Emerson SH, Dennison CR, Navsa M, Levitt NS. Barriers to initiating insulin
therapy in patients with type 2 diabetes mellitus in public sector primary health care centres
in Cape Town. S Afr Med J 2005; 95: 798-802.

Levitt NS, Bradshaw D, Zwarenstein ME, Bawa AA, Maphumolo S. Audit of public sector
primary diabetes care in Cape Town, South Africa: high prevalence of complications,
uncontrolled hyperglyaemia and hypertension. Diabet Med 1997: 14: 1073-1077.

Kalk WT, Veiawa Y, Osler C. A survey of haspital outpatient services for chronic diseases in
Gauteng. 5 Afr Med [ 2000; 90(1): 55-61.

Narayan KMV, Zhang P, Kanaya AM, Williams DE, Engelgau MM, Imperatore G. Diabetes:
The pandemic and potential solutions. In; Jamison DT, Breman JG, Measham AR, et al., eds.
Disease Control Priorities in Developing Countries. 2nd ed. Washington, DC: Oxford University
Press and The World Bank, 2006.

Danaei G, Lawes CMM, Vander Hoorn S, Murray CJL, Ezzati M. Global and regional
mortality from ischaemic heart disease and stroke attributable to higher-than-optimum bloed
glucose concentration: comparative risk assessment. Lancet 2006; 368: 1651-1659.

Levitt NS, Bradhsaw D. The impact of HIV/AIDS on type 2 diabetes prevalence and diabetes
healthcare needs in South Africa — projections for 2010, Diabetes Med 2006; 23: 103-106.
Colagiuri R, Colagiuri 8, Yach D, Pramming 8. The answer to diabetes prevention: science,
surgery, setvice delivery, or social policy. Am ] Public Health 2003; 96: 1562-1569.

International Diabetes Federation Africa and WHO-AFRQ. The Diabetes Strategy for Africa: An
Integrated Strategic Plan for Diabetes and Related Health Risks. A Joint Initiative of the IDF Africa
and WHO-AFRO. Dar-es-Salaam: International Diabetes Federation Africa, 2006.






