Articles

Diabetes diagnosis and care in sub-Saharan Africa:
pooled analysis of individual data from 12 countries
Jennifer Manne-Goehler, Rifat Atun*, Andrew Stokes, Alexander Goehler, Dismand Houinato, Corine Houehanou,
Mohamed Msaidie Salimani Hambou, Benjamin Longo Mbenza, Eugène Sobngwi, Naby Balde, Joseph Kibachio Mwangi, Gladwell Gathecha,
Paul Waweru Ngugi, C Stanford Wesseh, Albertino Damasceno, Nuno Lunet, Pascal Bovet, Demetre Labadarios, Khangelani Zuma, Mary Mayige,
Gibson Kagaruki, Kaushik Ramaiya, Kokou Agoudavi, David Guwatudde, Silver K Bahendeka, Gerald Mutungi, Pascal Geldsetzer, Naomi S Levitt,
Joshua A Salomon, John S Yudkin, Sebastian Vollmer, Till Bärnighausen*

Summary
Background Despite widespread recognition that the burden of diabetes is rapidly growing in many countries in
sub-Saharan Africa, nationally representative estimates of unmet need for diabetes diagnosis and care are in short
supply for the region. We use national population-based survey data to quantify diabetes prevalence and met and
unmet need for diabetes diagnosis and care in 12 countries in sub-Saharan Africa. We further estimate demographic
and economic gradients of met need for diabetes diagnosis and care.
Methods We did a pooled analysis of individual-level data from nationally representative population-based surveys
that met the following inclusion criteria: the data were collected during 2005–15; the data were made available at the
individual level; a biomarker for diabetes was available in the dataset; and the dataset included information on use of
core health services for diabetes diagnosis and care. We ﬁrst quantiﬁed the population in need of diabetes diagnosis
and care by estimating the prevalence of diabetes across the surveys; we also quantiﬁed the prevalence of overweight
and obesity, as a major risk factor for diabetes and an indicator of need for diabetes screening. Second, we determined
the level of met need for diabetes diagnosis, preventive counselling, and treatment in both the diabetic and the
overweight and obese population. Finally, we did survey ﬁxed-eﬀects regressions to establish the demographic and
economic gradients of met need for diabetes diagnosis, counselling, and treatment.
Findings We pooled data from 12 nationally representative population-based surveys in sub-Saharan Africa, representing
38 311 individuals with a biomarker measurement for diabetes. Across the surveys, the median prevalence of diabetes
was 5% (range 2–14) and the median prevalence of overweight or obesity was 27% (range 16–68). We estimated seven
measures of met need for diabetes-related care across the 12 surveys: (1) percentage of the overweight or obese
population who received a blood glucose measurement (median 22% [IQR 11–37]); and percentage of the diabetic
population who reported that they (2) had ever received a blood glucose measurement (median 36% [IQR 27–63]);
(3) had ever been told that they had diabetes (median 27% [IQR 22–51]); (4) had ever been counselled to lose weight
(median 15% [IQR 13–23]); (5) had ever been counselled to exercise (median 15% [IQR 11–30]); (6) were using oral
diabetes drugs (median 25% [IQR 18–42]); and (7) were using insulin (median 11% [IQR 6–13]). Compared with those
aged 15–39 years, the adjusted odds of met need for diabetes diagnosis (measures 1–3) were 2·22 to 3·53 (40–54 years)
and 3·82 to 5·01 (≥55 years) times higher. The adjusted odds of met need for diabetes diagnosis also increased
consistently with educational attainment and were between 3·07 and 4·56 higher for the group with 8 years or more of
education than for the group with less than 1 year of education. Finally, need for diabetes care was signiﬁcantly more
likely to be met (measures 4–7) in the oldest age and highest educational groups.
Interpretation Diabetes has already reached high levels of prevalence in several countries in sub-Saharan Africa. Large
proportions of need for diabetes diagnosis and care in the region remain unmet, but the patterns of unmet need vary
widely across the countries in our sample. Novel health policies and programmes are urgently needed to increase
awareness of diabetes and to expand coverage of preventive counselling, diagnosis, and linkage to diabetes care.
Because the probability of met need for diabetes diagnosis and care consistently increases with age and educational
attainment, policy makers should pay particular attention to improved access to diabetes services for young adults
and people with low educational attainment.
Funding None.

Introduction
Increasing longevity, economic development, and
changes in lifestyle and diet have produced an epidemiological transition that has resulted in a rapid rise
in the burden of diabetes in sub-Saharan Africa.1–3

Although empirical data on the prevalence of diabetes
in sub-Saharan Africa remain scarce,4 a review5 of
41 studies done in countries in sub-Saharan Africa
between 2000 and 2015 showed an overall diabetes
prevalence of 13·7% in adults older than 55 years.
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Research in context
Evidence before this study
We systematically searched MEDLINE for articles published in
English between database inception and Aug 1, 2016, using the
search terms “access” (and “need”) and “diabetes.” We searched
separately for “Africa” and each of the 50 individual countries in
sub-Saharan Africa. We further systematically screened the
STEPS country reports. Our search did not identify a single
published study that quantiﬁed unmet need for diabetes
diagnosis or care at the national or the regional level in
sub-Saharan Africa.
Added value of this study
Median prevalence of diabetes was 5% (range 2–14) across
12 surveys using biomarker-based diagnostic criteria.

Moreover, the International Diabetes Federation has
estimated that the prevalence of diabetes in sub-Saharan
Africa is likely to more than double by 2035.6 Despite data
limitations, the burden of diabetes in sub-Saharan Africa
is clearly large and growing.7
Improved diabetes control through education and
lifestyle modiﬁcation programmes, along with eﬀective
treatment, can produce large reductions in both diabetes
morbidity and mortality.8–13 However, with the exception
of a few single-country studies on access to diabetes
diagnosis and insulin,14,15 the level of unmet need for
diabetes-related care in sub-Saharan Africa is not known.
The scarcity of population-level data on unmet need for
diabetes care is a substantial barrier to the development
of eﬀective policies and to the assessment of policy and
intervention performance. Furthermore, the lack of data
presents a challenge to the achievement of universal
health coverage.16,17
In this study, we quantify diabetes prevalence and met
and unmet need for diabetes diagnosis and care in
12 countries in sub-Saharan Africa using nationally
representative population-based surveys. We then
estimate demographic and economic gradients of met
need for diabetes diagnosis and care.

Methods
Data sources
We did a pooled analysis of individual-level data from
nationally representative population-based surveys.
Most of the surveys included in our analysis used the
WHO’s Stepwise Approach to Surveillance (STEPS)
survey method. The STEPS survey is a standardised
instrument for collecting and disseminating data about
non-communicable diseases in adults living in WHO
member countries.18
The STEPS survey data was obtained through a
systematic request process. In brief, WHO maintains a
list of all STEPS surveys.19 We approached WHO but
were not provided access to the STEPS survey data

Our results show for the ﬁrst time a very large unmet need for
diabetes screening, diagnosis, awareness, preventive
counselling, and treatment. Additionally, we show that access
to diabetes diagnosis and care increases consistently and
strongly with age and education.
Implications of all the available evidence
Although diabetes is highly prevalent in sub-Saharan Africa,
most of the need for diabetes diagnosis and care remains unmet.
Policies are urgently needed to increase awareness of diabetes
diagnosis and to expand coverage of preventive counselling and
diabetes treatment. Because of the positive age and education
gradients of met need for diabetes services, such policies should
particularly target younger and less educated populations.

through a centralised, WHO-led process. We thus
identiﬁed the responsible contacts for each survey
via the WHO STEPS website, complemented by
information obtained through international diabetes
experts and electronic searches. In addition, we
reviewed the 2013 Namibia Demographic and Health
Survey (DHS) and other nationally representative
surveys for diabetes biomarkers and diabetes diagnosis
and care questions.
The requirements for inclusion of a country survey in
this study were that the data were collected between 2005
and 2015; the data were made available at the individual
level; a biomarker for diabetes (namely, fasting glucose
or HbA1c) was available in the dataset; and the dataset
included a suite of questions that assessed access to a
core and comparable group of health services for diabetes
diagnosis, prevention counselling, and treatment.
Of the 40 STEPS surveys listed by WHO, 27 met our
inclusion criteria. Of the 27 countries with an eligible
STEPS survey, 17 were not included in our study because
the STEPS investigators did not respond to our request
for data (eight surveys), the investigators refused to
participate in this study (one survey), or we were not able
to identify valid contact information for the STEPS
investigators (eight surveys).20
To the dataset of the ten eligible STEPS surveys that we
gained access to, we added data from two nationally
representative population-based surveys that also met all
of our inclusion criteria: the 2012 SANHANES, which
was done by the South African Human Sciences Research
Council,21 and the 2013 Namibia DHS.22,23 The STEPS
data included in this analysis are from Benin, Comoros,
Guinea, Kenya, Liberia, Mozambique, Seychelles,
Tanzania, Togo, and Uganda.24–32
Most of the surveys used two-stage cluster random
sampling designs; several surveys used stratiﬁed
sampling approaches (eg, according to region or urban
versus rural location). The sampling designs are
described in detail in the appendix.
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Data analysis
We ﬁrst analysed individual-level data from the surveys to
deﬁne the population in need of diabetes care by estimating
the prevalence of diabetes in the diﬀerent surveys. We
further estimated the prevalence of the major diabetes risk
factors overweight and obesity. Diabetes was deﬁned on
the basis of the present WHO and American Diabetes
Association diagnostic criteria as any of the following: a
fasting plasma glucose of 7·0 mmol/L (126 mg/dL) or
higher; a 2 h plasma glucose of 11·1 mmol/L (200 mg/dL)
or higher; or an HbA1c measurement of 6·5% or higher.33,34
This deﬁnition represents the present international
gold-standard for clinical diagnosis of diabetes.35
Individuals reporting use of drugs for diabetes were also
classiﬁed as diabetic, irrespective of the biomarker values.
Respondents who self-reported a diagnosis of diabetes but
were not on drug treatment and did not meet the diagnostic
criteria were not classiﬁed as diabetic.
In view of previous evidence suggesting that capillary
glucose often underestimates plasma-based glucose
measurements and on the basis of published
guidelines,36 we adjusted fasting capillary glucose
values by 1·1% for the relevant STEPS surveys (Benin,
Comoros, Guinea, Kenya, Mozambique, Tanzania,
Togo, and Uganda).2,36,37 Instead of this adjustment,
several STEPS investigator teams used an alternate
deﬁnition for interpreting the fasting capillary glucose
measurements in published reports about the surveys
(diabetes deﬁned as fasting capillary glucose of
6·1 mmol/L or higher).19,23,29,38 These two alternative
approaches result in slight diﬀerences in estimates of
diabetes prevalence (appendix). Additionally, all surveys
measured height and weight, which we used to calculate
BMI.2 We deﬁned the overweight or obese population
as all respondents with a BMI of 25 kg/m² or higher.
The STEPS surveys, 2012 South African National
Health and Nutrition Examination Survey (SANHANES),
and 2013 Namibia DHS are designed to be representative
at the national level for their eligible populations. In the
descriptive analyses of prevalence, we adjusted for the
various complex survey sampling designs of the diﬀerent
surveys and calculated age and sex stratiﬁed prevalence
values for the age groups 25–39 years, 40–54 years, and
55–64 years, as well as the overall prevalence estimates
across all age groups.39 We report median and IQR to
summarise the distributions of diabetes prevalence and
overweight and obesity prevalence across 12 surveys.
Detailed summaries of survey and sampling designs are
provided in the appendix.
We used self-reported data from the surveys to quantify
met and unmet need for screening and diagnosis of
diabetes. We deﬁned three measures: (1) ever having
received a blood glucose measurement among the
overweight or obese population (Ever sugar: overweight
or obese); (2) ever having received a blood glucose
measurement among all individuals deﬁned as having
diabetes (Ever sugar: diabetic); and (3) having been told

Respondents Response Mean Female
(N=38 311)
rate
age
(years)

Male

GDP
per
capita*

Health
expenditure
per capita*

Benin STEPS
2008

3821

99·0%

43·4

1967 (52%)

1852 (48%)

1785

66·4

Comoros
STEPS 2011

2564

96·5%

41·7

1331 (54%)

1114 (46%)

1348

85·1

Guinea STEPS 2445
2009

98·8%

34·6

1357 (59%)

960 (41%)

1180

44·0

Kenya STEPS
2015

4180

92·0%

37·5

1926 (58%)

1367 (42%)

2818

169·0

Liberia STEPS
2011

2322

87·1%

42·2

709 (57%)

531 (43%)

733

81·9

Mozambique
STEPS 2005

2557

98·4%

39·9

1954 (53%)

1764 (47%)

735

47·0

Namibia DHS
2013†

3293

96·9%

46·9

1925 (75%)

636 (25%)

9143

802·2

Seychelles
STEPS 2013

1240

72·9%

45·7

1524 (60%)

1033 (40%)

24 805

865·9

SANHANES
2012‡

3564

92·6%

44·5

2323 (65%)

1241 (35%)

12 375

1097·4

Tanzania
STEPS 2012

4915

94·7%

41·9

2637 (54%)

2278 (46%)

2248

127·1

Togo STEPS
2010

3718

91·0%

34·2

2529 (61%)

1651 (39%)

1230

64·7

Uganda
STEPS 2014

3692

75·2%

35·4

2224 (60%)

1468 (40%)

1689

132·6

GDP=gross domestic product. STEPS=Stepwise Approach to Surveillance. DHS=Demographic and Health Survey.
SANHANES=South African National Health and Nutrition Examination Survey. *GDP and health expenditure per
capita data were compiled for each country and respective survey year from the World Bank’s World Development
Indicators database and converted to 2011 international dollars. †For all surveys, the response rate refers to the
published survey response rate; in the case of the 2013 Namibia DHS the response rate is the overall household
response rate. ‡The SANHANES response rate refers to the overall individual interview response rate.

Table 1: Summary of population-based surveys and health system characteristics

by a health-care provider about diabetes diagnosis
(Told diagnosis), as a measure of awareness of diagnosis
among all respondents with diabetes. Next, in all
respondents who were categorised as diabetic, we
quantiﬁed met need for four dimensions of diabetes
care: (1) ever having received counselling from a
health-care provider to lose weight (Counselled to lose
weight); (2) ever having received counselling from a
health-care provider to exercise (Counselled to exercise);
(3) use of oral drugs for diabetes management
(Oral diabetes drugs); and (4) use of insulin for treating
diabetes (Insulin). Measures 1 and 2 capture preventive
lifestyle counselling and measures 3 and 4 capture
diabetes treatment. We report the median and IQR for
each of the met need measures across the 12 surveys.
Additionally, we estimated the gradients of met need for
diabetes diagnosis and care along several key demographic
and economic factors. We used logistic regressions with
survey ﬁxed eﬀects. We ran seven regressions, using each
of the three outcome measures of met need for diabetes
diagnosis and each of the four outcome measures for met
need for diabetes care as separate independent variables.
All regressions included age, sex, educational attainment,
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Population

Male
Female

25–39 years
Benin

Age (years), n=34 776
Median

Comoros

39

Guinea

15–39

17 470 (50%)

Kenya

40–54

11 136 (32%)

Liberia

6170 (18%)

Mozambique

Female

22 406 (58%)

Seychelles

Male

15 895 (42%)

South Africa

≥55
Sex, n=38 301

Namibia

Tanzania

Education (years), n=38 146
<1

Togo

11 234 (29%)

1–4

5519 (14%)

5

9322 (24%)

Uganda
Overall (median, IQR)

6–7

6091 (16%)

≥8

5980 (16%)

Benin

21 659 (57%)

Comoros

Currently working, n=38 231

40–54 years

Guinea

BMI, n=37 553
Mean

Kenya

23·9

Overweight*

7680 (20%)

Obese*

5177 (14%)

Diabetic, n=38 311

Liberia
Mozambique
Namibia

2156 (6%)

*Overweight or obese deﬁned as BMI ≥25 kg/m².

Seychelles
South Africa
Tanzania

Table 2: Baseline characteristics

Togo
Uganda

and present employment status as independent variables.
We adjusted the standard errors for clustering at the level
of the primary sampling unit in the analysis of those
surveys that used a two-stage cluster random sampling
design. To test the robustness of our results, we also ran
this set of regressions without the Seychelles, because the
Seychelles are an outlier with respect to gross domestic
product per capita and total public and private health
expenditures per capita.
The independent variables were available across all
datasets and represent key demographic and economic
indicators, allowing analyses of gradients of access to
diabetes diagnosis and care. The number of observations
across these regression analyses varied slightly because
of small diﬀerences in the indicators included in each
survey. In particular, South Africa was excluded from
the regression analyses for counselling outcomes
because the data was not disaggregated by type of
counselling, and Namibia was excluded from regression
analyses of oral diabetes drug use because indicators for
use of oral drugs and insulin were not disaggregated.
The appendix provides additional details about the data
and analytical methods. These analyses were done in
Stata version 13.1.

Role of the funding source
This study was done without any involvement by a
funding source. The corresponding author had full
access to all the data in the study and had ﬁnal
responsibility for the decision to submit for publication.
4

Overall (median, IQR)
55–64 years
Benin
Comoros
Guinea
Kenya
Liberia
Mozambique
Namibia
Seychelles
South Africa
Tanzania
Togo
Uganda
Overall (median, IQR)
0

10

20

30

40

Prevalence of diabetes (%)

Figure 1: Age–sex stratiﬁed prevalence of diabetes in 12 countries
Prevalence and 95% CIs for diabetes (or obesity) by age and sex in each of the
12 countries. The overall row in each section shows the median and IQR of the
prevalence values across surveys.

Results
Our complete pooled dataset included 38 311 individuals
across 12 countries during 2005–15.
We summarise the survey characteristics, per-capita
gross domestic product, and total health expenditures for
all of the country-years included in the analysis (table 1).
The individual country survey sizes ranged from 1240 to
4915 respondents (table 1) and reported survey response
rates varied from 73% to 99%.
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Male
Female

25–39 years

90
Median met needs across surveys (%)

Benin
Comoros
Guinea
Kenya
Liberia
Mozambique
Namibia
Seychelles
South Africa
Tanzania

80
70
60
50
40
30
20

Togo

10

Uganda

0

Overall
(median, IQR)

Ever sugar:
overweight
or obese

Ever sugar:
diabetic

Told
diagnosis

Counselled
to lose
weight

Counselled
to exercise

Oral diabetes
drugs

Insulin

Figure 3: Met need for diabetes diagnosis and care
This ﬁgure displays the median and IQR for met need for diabetes diagnosis and care across surveys. The denominator
for Ever sugar: overweight or obese is the overweight or obese population; the denominator for all of the other
indicators of met need is the diabetic population.

40–54 years
Benin
Comoros
Guinea
Kenya
Liberia
Mozambique
Namibia
Seychelles
South Africa
Tanzania
Togo
Uganda
Overall
(median, IQR)
55–64 years
Benin
Comoros
Guinea
Kenya
Liberia
Mozambique
Namibia
Seychelles
South Africa
Tanzania
Togo
Uganda
Overall
(median, IQR)
0

10

20

30

40

50

60

70

80

90

100

Prevalence of overweight or obesity (%)

Figure 2: Age–sex stratiﬁed prevalence of overweight or obesity in
12 countries
Prevalence and 95% CIs for obesity by age and sex in each of the 12 countries.
The overall row in each section shows the median and IQR of the prevalence
values across surveys.

The median age in the overall sample was 39 years;
22 406 (58%) of the respondents were female and
21 659 (57%) of the sample were currently employed
(table 2). The pooled dataset of overweight or obese
respondents included 12 857 (34%) individuals, with a

median age of 42 years and of whom 9366 (73%) were
female. The subset of participants with diabetes included
2156 (6%) individuals whose median age was 51 years and
among whom 1263 (59%) were female.
Fasting plasma glucose was used as a clinical
biomarker of diabetes in 11 of the 12 surveys, and HbA1c
was used in one survey. Across the 12 surveys analysed,
the single-country prevalence of diabetes ranged from
2% in Mozambique to 14% in the Seychelles, with a
median prevalence of 5%. For each country, we
calculated age-stratiﬁed and sex-stratiﬁed prevalence of
diabetes (ﬁgure 1) and age-stratiﬁed and sex-stratiﬁed
estimates for the prevalence of overweight or obesity
(ﬁgure 2). In particular, in the 55–64 year old group, the
median prevalence of diabetes was 9% (IQR 6–11%)
across surveys. Notably, an additional 237 respondents
self-reported a diagnosis of diabetes, but did not meet
the diagnostic criteria for diabetes (biomarker values
indicating diabetes or diabetes treatment).
A median of 27% (range 16–68) of the survey sample
were overweight or obese (BMI ≥25 kg/m²). Notably,
1277 (60%) of 2125 individuals who were diabetic were
also either overweight or obese (the remaining 31 of the
2156 diabetic people did not have a BMI recorded).
A summary of the met need for diabetes diagnosis and
care is shown in ﬁgure 3. Among individuals who were
overweight or obese, a median of 22% (IQR 11–37) of
individuals self-reported receiving a blood glucose test.
In the diabetic population surveyed, a median of 36% of
respondents (IQR 27–63) self-reported receiving a blood
glucose test. A median of 27% (IQR 27–63) reported
being told of their diabetes diagnosis (told diagnosis).
We assessed four major components of met need for
care in the diabetic population (ﬁgure 3). First, a median
of 15% (IQR 13–23) of respondents with diabetes across
surveys reported that they had ever been counselled by a
health-care provider to lose weight. Second, a median of
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15% (IQR 11–30) reported that they had been advised to
exercise. Third, a median of 25% (IQR 18–42) of survey
respondents reported use of oral drugs and a median of
11% (IQR 6–13) reported use of insulin. Figures 4 and 5
show the met need estimates by country. Lastly, we
found substantial overlap in the receipt of the various
types of care across the diabetic population. Of the
360 survey participants with diabetes who reported

Ever sugar: overweight or
obese
Benin
Comoros
Guinea
Kenya
Liberia
Mozambique
Namibia
Seychelles
South Africa
Tanzania
Togo
Uganda

using oral diabetes drugs, most also reported that they
received counselling to exercise (197 [55%]) or to lose
weight (182 [51%]), whereas only a minority of
participants with diabetes who did not report
concurrently using an oral diabetes drug (n=1009)
reported that they had received counselling to exercise
(79 [8%]) or to lose weight (70 [7%]).
For the overweight or obese population, our regression
analysis shows strong and signiﬁcant age, education, and
employment gradients of diabetes diagnosis (table 3).
Among the diabetic population, reports of access to
counselling and treatment followed similar age and
education, but not employment, gradients.
Respondents with 6–7 years and 8 years or more of
education were signiﬁcantly more likely to report having
received counselling on weight loss and exercise than
those with less than 1 year of education, and respondents
with 8 years or more of education were signiﬁcantly
more likely to use oral diabetes drugs than those with
lower levels of educational attainment. The regression
results for met need in the diabetic population are shown
in table 4. The results of the regression analyses were
robust to the exclusion of the Seychelles.

Overall (median, IQR)

Discussion
Ever sugar: diabetic
Benin
Comoros
Guinea
Kenya
Liberia
Mozambique
Namibia
Seychelles
South Africa
Tanzania
Togo
Uganda
Overall (median, IQR)
Told diagnosis
Benin
Comoros
Guinea
Kenya
Liberia
Mozambique
Namibia
Seychelles
South Africa
Tanzania
Togo
Uganda
Overall (median, IQR)
0

10

20

30

40

50

60

70

80

90

Proportion (%)

Figure 4: Met need for diagnosis in the overweight or obese and diabetic populations
Proportion of met need for diabetes diagnosis and the associated 95% CIs by country. The overall row in each
section shows the median and IQR of the prevalence values across surveys.

6

100

Our study is the ﬁrst to provide national estimates of
unmet need for diabetes diagnosis and care for
sub-Saharan African countries. Our analysis of pooled
individual-level data across 12 nationally representative
population-based surveys shows strikingly high levels of
unmet need across several key indicators of diabetes
diagnosis and care. Taking the median of country means
as a summary statistic, among all people with diabetes
only a third reported having ever received a blood sugar
measurement and only a third recalled being diagnosed as
having diabetes. Similarly, only small proportions of
overweight or obese people reported being screened for
diabetes despite their high risk for the disease. Although
the target population and cost-eﬀectiveness of screening
with blood glucose measurement for previously undetected
diabetes in sub-Saharan Africa is under debate, the
overweight or obese population certainly constitutes a key
group for targeted diabetes screening interventions.40
These ﬁndings are important because they show that
present health systems fail to identify the majority of
patients with diabetes and that population screening
needs to be strengthened (eg, through community
mobilisation and home-based diabetes testing).
Moving along the so-called cascade of diabetes care, we
ﬁnd large unmet need for diabetes prevention
counselling and treatment. Again, taking the median of
country means as a summary statistic, only a ﬁfth of the
patients with diabetes reported having ever been
counselled to lose weight and only a ﬁfth reported having
ever been counselled to exercise, whereas only a fourth
reported using oral drugs for diabetes and only a tenth
reported insulin use.
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While met need for diabetes diagnosis and care was
overall very sparse from a cross-country perspective,
countries with higher per-head incomes were generally
found not only to have larger epidemics of both obesity
and diabetes, but also greater access to diabetes diagnosis
and care than countries with lower incomes.
Our regressions show that met need for diabetes
diagnosis increases steeply with age and education in the
overweight or obese population. Although an age
gradient in diabetes screening is generally expected, in
view of the clinical understanding that risk of diabetes
increases with age, the particular age gradient in
the overweight or obese population suggests that
interventions to ensure comprehensive glucose testing
in all age groups in this risk group would have substantial
potential to identify people in need of diabetes care.41
Overall, the consistent positive age gradients across all
measures of access to diabetes diagnosis and care suggest
that a focus on diabetes programmes that target younger
population groups has the potential to substantially
improve health-care coverage and health.
Similarly, our ﬁndings regarding the positive education
gradients in access to diabetes care suggest that targeted
diabetes programmes for population groups with low
levels of educational attainment could be particularly
beneﬁcial. The positive education gradients in access,
which we have shown here for the ﬁrst time for diabetes
diagnosis and care in sub-Saharan Africa, are not
surprising. Across many settings and populations,
health-care access has been found to increase with
education.42
The education and the age gradients of access to diabetes
diagnosis and care do not necessarily imply a direct causal
association—for example, income and ﬁnancial resources
for health care are likely to increase with both factors.
Furthermore, very distinct causal pathways could link
education and age to diabetes diagnosis and care,
including those mediated by health literacy, social support,
and the provider–patient relationship. Although the
strong and consistent education and age gradients warrant
further causal investigation, the gradient data can already
be useful in guiding the targeting of diabetes policies and
programmes.
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Figure 5: Met need for diabetes care in the diabetic population
Proportion of met need for diabetes care and the associated 95% CIs by country.
The overall row in each section shows the median and IQR of the prevalence
values across surveys. *The 2012 SANHANES used a single question to measure
whether respondents had received either weight loss or exercise counselling from
a health-care provider; all other surveys included in this study used separate
questions for weight loss and exercise counselling. The indicator value derived
from the question on either weight loss or exercise counselling for South Africa is
shown under the lose weight heading. †The 2013 Namibia Demographic and
Health Survey used a single question to measure whether respondents had
received any drugs to treat their diabetes; all other surveys included in this study
used separate questions for oral drug and insulin treatment of diabetes.
The indicator value derived from the question on any drug treatment for diabetes
for Namibia is shown under the Oral diabetes drugs heading.
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Ever sugar: overweight or obese
(n=12 631)*

Ever sugar: diabetic (n=1902)†

Told diagnosis (n=1905)‡

AOR (95% CI)

p value

AOR (95% CI)

p value

AOR (95% CI)

p value

Age 40–54 years§

2·22 (1·79–2·76)

<0·0001

3·53 (2·59–4·81)

<0·0001

3·27 (2·23–4·78)

<0·0001

Age ≥55 years§

3·82 (2·75–5·30)

<0·0001

5·01 (3·50–7·17)

<0·0001

4·85 (3·48–6·76)

<0·0001

Education 1–4 years¶

1·39 (1·18–1·65)

<0·0001

1·44 (0·87–2·40)

0·158

1·49 (0·98–2·26)

0·063

Education 5 years¶

2·08 (1·75–2·48)

<0·0001

1·97 (1·43–2·71)

<0·0001

1·65 (1·20–2·27)

0·002

Education 6–7 years¶

2·67 (2·20–3·24)

<0·0001

2·63 (1·86–3·72)

<0·0001

1·89 (1·32–2·72)

0·001

Education ≥8 years¶

4·56 (3·58–5·82)

<0·0001

3·73 (2·51–5·56)

<0·0001

3·07 (2·10–4·48)

<0·0001

Female||

1·13 (0·99–1·29)

0·076

1·15 (0·91–1·44)

0·237

1·20 (0·97–1·48)

0·095

Currently working**

1·20 (1·03–1·39)

0·022

0·96 (0·75–1·23)

0·744

0·99 (0·762–1·29)

0·941

AOR=adjusted odds ratio. *The sample for this regression consists of all individuals who were either overweight or obese. †The sample for this regression consists of all
individuals who were found to be diabetic on the basis of biomarker measurements or self-report of diabetes treatment in the surveys included in this study, and who had
answered the question on whether they had ever received a blood sugar measurement. ‡The sample for this regression consists of all individuals who were found to be
diabetic on the basis of biomarker measurements or self-report of diabetes treatment in the surveys included in this study, and who had answered the question on whether
they had ever been told that they had diabetes. §The reference group is age 15–39 years. ¶The reference group is less than 1 year of education. ||The reference group is male.
**The reference group is currently working.

Table 3: Demographic and economic gradients of met need for diabetes-related diagnoses

Counselled to lose weight (n=1383)*

Counselled to exercise (n=1383)†

Oral diabetes drugs (n=1662)‡

Insulin (n=1609)§

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

AOR (95% CI)

p value

p value

p value

p value

Age 40–54 years¶

2·33 (1·44–3·79)

0·001

2·34 (1·52–3·60)

<0·0001

2·78 (1·89–4·10)

<0·0001

1·84 (1·15–2·95)

0·011

Age ≥55 years¶

2·99 (1·82–4·91)

<0·0001

3·13 (2·04–4·79)

<0·0001

4·16 (2·90–5·97)

<0·0001

2·57 (1·51–4·38)

<0·0001

Education 1–4 years||

1·56 (0·92–2·64)

0·101

1·28 (0·76–2·18)

0·356

1·52 (0·97–2·37)

0·065

1·50 (0·83–2·69)

0·176

Education 5 years||

1·69 (0·94–3·04)

0·079

1·92 (0·99–3·69)

0·051

1·41 (1·01–1·96)

0·043

1·10 (0·67–1·79)

0·705

Education 6–7 years||

2·22 (1·27–3·89)

0·005

2·52 (1·30–4·91)

0·007

1·25 (0·83–1·89)

0·293

1·20 (0·70–2·06)

0·507

Education ≥8 years||

4·81 (2·80–8·27)

<0·001

4·78 (2·58–8·85)

<0·0001

2·30 (1·50– 3·54)

<0·0001

1·90 (1·04–3·47)

0·036

Female**

1·37 (1·01–1·88)

0·046

1·16 (0·84–1·60)

0·378

1·26 (0·96–1·67)

0·100

1·09 (0·78–1·53)

0·606

Currently working††

1·08 (0·74–1·57)

0·688

1·06 (0·74–1·52)

0·753

0·96 (0·74–1·25)

0·781

1·12 (0·72–1·73)

0·630

AOR=adjusted odds ratio. *The sample for this regression consists of all individuals who were found to be diabetic on the basis of biomarker measurements or self-report of diabetes treatment in the surveys
included in this study, and who had answered the question on whether they had ever been counselled to lose weight. †The sample for this regression consists of all individuals who were found to be diabetic on
the basis of biomarker measurements or self-report of diabetes treatment in the surveys included in this study, and who had answered the question on whether they had ever been counselled to exercise.
‡The sample for this regression consists of all individuals who were found to be diabetic on the basis of biomarker measurement or self-report of diabetes treatment in the surveys included in this study, and who
had answered the question on whether they were using oral diabetes drugs. §The sample for this regression consists of all individuals who were found to be diabetic on the basis of biomarker measurements or
self-report of diabetes treatment in the surveys included in this study, and who had answered the question on whether they were using insulin. ¶The reference group is age 15–39 years. ||The reference group is
less than 1 year of education. **The reference group is male. ††The reference group is currently working.

Table 4: Demographic and economic gradients of met need for diabetes care

This study has several important limitations. First, the
population-based surveys used in this analysis relied on
two diﬀerent biomarkers for the diagnosis of diabetes
(namely, fasting glucose and HbA1c). Furthermore, in
several STEPS surveys, a capillary blood instead of plasmabased glucose measurement was used. This inconsistency
in measurement approaches could have biased the rank
order of diabetes prevalence across surveys,38 although we
applied a well established correction for surveys that
used capillary-blood-based measurement to ensure
comparability with surveys that used plasma-based
measurements.37 Notably, our empirical diabetes
prevalence estimates fall within the range of the modelled
diabetes prevalence estimates published in the present
International Diabetes Federation’s Diabetes Atlas.6,37
Second, several of our variables rely on self-reported
data, which could be aﬀected by misreporting that could
8

in turn have introduced bias in the estimates of diabetes
prevalence and unmet need for diabetes care. Third,
although all surveys included in our study used a similar
suite of questions on use of care for diabetes, two of the
12 surveys (the 2013 Namibia DHS and SANHANES)
diﬀered slightly from the other ten because they did not
follow the WHO STEPS survey method. The Namibia
DHS did not collect separate indicators for oral diabetes
drugs and insulin use; SANHANES did not collect
separate indicators regarding counselling to lose weight
and counselling to exercise.
Fourth, all of the surveys included in this study were
designed to be nationally representative. We investigated
whether the surveys succeeded in achieving national
representation by comparing the sex–age distribution of
the samples to the sex–age distribution of the underlying
country population as estimated by the UN Population
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Division. This comparison revealed overall similar sex–
age distributions but with a slight over-representation of
women and young age groups in the surveys (appendix).
Fifth, although this study assessed several basic measures
of access to care for diabetes, several important
dimensions of both diabetes care and outcomes exist that
are not captured through these sources. In particular,
information on comorbidities and clinical sequelae,
including relevant biomarker data, were not available in
the surveys included in this study, and neither were data
on a range of diabetes-related services. Finally, we were
unable to distinguish between type 1 and type 2 diabetes
on the basis of the data provided. These data limitations
could be overcome in the future through the collection of
more detailed survey data directed at understanding
several key facets of diabetes care.
Several important policy implications follow from the
study ﬁndings. First, international and regional agencies
and individual country governments in sub-Saharan
Africa must urgently respond to the diabetes epidemic
and the high unmet need for diabetes care by developing
policies and programmes to address deﬁcits in diabetes
diagnosis, prevention, and treatment. Second, the low
met need for diabetes care could present an important
challenge to the achievement of the universal health
coverage targets the world has committed to with the
adoption of the Sustainable Development Goals.43,44
Diagnosis, preventive counselling, and linkage to care
should be a major focus of policies to address unmet
need for diabetes care, coordinated with more general
eﬀorts to strengthen health systems to achieve universal
health coverage. Third, the positive age and education
gradients across all measures of access to diabetes
diagnosis and care suggest that policy makers should
consider intensifying diabetes programmes for younger
adults and those with low educational attainment.
High quality data are crucial to monitor and eﬀectively
respond to the diabetes epidemic in sub-Saharan Africa.
Our study provides a synthesis of the empirical data on
access to diabetes care from those national studies in
sub-Saharan Africa that are available to researchers
worldwide. However, major challenges remain in relation
to such analyses. The STEPS survey approach provides a
standardised method for the collection of diabetes-related
data worldwide, but gaining access to these datasets is
diﬃcult.20 Unlike for other nationally representative
population-based surveys, such as the DHS,45 no central
repository exists from which the individual-level STEPS
survey data can be downloaded. STEPS survey data are not
open-access and the survey datasets need to be separately
obtained from individual investigator teams in the
countries where the surveys were done. Moreover, variation
in approaches to sampling and data capturing, control, and
reporting constitute an impediment to pooled analysis and
data synthesis that other survey infrastructures, such as
the DHS, have successfully overcome through standardised
reporting and data management processes. Finally, the

scope of the STEPS questions regarding diﬀerent aspects
of diabetes-related health-care use (which, for example, do
not include clinical sequelae and their treatment) limits
the potential of STEPS data to inform health policy and
programmatic planning for diabetes in sub-Saharan
Africa.20 Comprehensive, high-quality, national and
cross-country studies, such as those done by independent
research collaborations as part of the Lancet Diabetes &
Endocrinology Commission3 on diabetes in sub-Saharan
Africa can provide valuable information to complement
the available STEPS survey data.
The need for diabetes-related services in sub-Saharan
Africa is high but largely unmet. Novel health policies
and programmes are urgently needed to increase
awareness of diabetes and to expand coverage of
services. Because the probability of met need for
diabetes diagnosis and care increases consistently and
strongly with age and educational attainment, policy
makers should pay particular attention to improved
access to diabetes services for young adults and people
with low educational attainment.
Contributors
JM-G, RA, and TB were responsible for the study design, data analysis,
interpretation, and writing of the manuscript. AG provided assistance
with data analysis, ﬁgure preparation, and writing. DH, CH, MMSH,
BLM, ES, NB, JKM, GG, PWN, CSW, AD, NL, PB, DL, KZ, MM, GK,
KR, KA, DG, SKB, GM, and NSL were responsible for data collection
and assisted with data interpretation and writing. AS, DL, NSL, JAS,
JSY, PG, and SV provided assistance with data interpretation
and writing.
Declaration of interests
We declare no competing interests.
References
1
Lozano R, Naghavi M, Foreman K, et al. Global and regional
mortality from 235 causes of death for 20 age groups in 1990 and
2010: a systematic analysis for the Global Burden of Disease Study
2010. Lancet 2012; 380: 2095–128.
2
Danaei G, Finucane MM, Lu Y, et al. National, regional, and global
trends in fasting plasma glucose and diabetes prevalence since
1980: systematic analysis of health examination surveys and
epidemiological studies with 370 country-years and 2·7 million
participants. Lancet 2011; 378: 31–40.
3
Atun R, Gale EA. The challenge of diabetes in sub-Saharan Africa.
Lancet Diabetes Endocrinol 2015; 3: 675–77.
4
Levitt NS. Diabetes in Africa: epidemiology, management and
healthcare challenges. Heart 2008; 94: 1376–82.
5
Werfalli M, Engel ME, Musekiwa A, Kengne AP, Levitt NS.
The prevalence of type 2 diabetes among older people in Africa:
a systematic review. Lancet Diabetes Endocrinol 2016; 4: 72–84.
6
International Diabetes Federation. IDF Diabetes Atlas. Brussels,
Belgium: International Diabetes Federation, 2015.
7
Beran D, Yudkin JS. Diabetes care in sub-Saharan Africa.
Lancet 2006; 368: 1689–95.
8
Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or
metformin. N Engl J Med 2002; 346: 393–403.
9
Bennett WL, Maruthur NM, Singh S, et al. Comparative eﬀectiveness
and safety of medications for type 2 diabetes: an update including
new drugs and 2-drug combinations. Ann Intern Med 2011;
154: 602–13.
10 Pal K, Eastwood SV, Michie S, et al. Computer-based diabetes
self-management interventions for adults with type 2 diabetes
mellitus. Cochrane Database Syst Rev 2013; 3: CD008776.
11 Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Pedersen O.
Multifactorial intervention and cardiovascular disease in patients
with type 2 diabetes. N Engl J Med 2003; 348: 383–93.

www.thelancet.com/diabetes-endocrinology Published online October 7, 2016 http://dx.doi.org/10.1016/S2213-8587(16)30181-4

9

Articles

12

13

14

15

16

17
18

19
20
21

22

23

24

25

26

27

28

10

Gaede P, Vedel P, Parving HH, Pedersen O. Intensiﬁed
multifactorial intervention in patients with type 2 diabetes
mellitus and microalbuminuria: the Steno type 2 randomised study.
Lancet 1999; 353: 617–22.
Kooy A, de Jager J, Lehert P, et al. Long-term eﬀects of metformin
on metabolism and microvascular and macrovascular disease in
patients with type 2 diabetes mellitus. Arch Intern Med 2009;
169: 616–25.
Camara A, Balde NM, Sobngwi-Tambekou J, et al. Poor glycemic
control in type 2 diabetes in the south of the Sahara: the issue of
limited access to an HbA1c test. Diabetes Res Clin Pract 2015;
108: 187–92.
Beran D, Perrin C, Billo N, Yudkin JS. Improving global access to
medicines for non-communicable diseases. Lancet Glob Health
2014; 2: e561–62.
Reich MR, Harris J, Ikegami N, Maeda A, Takemi K, Evans TG.
Moving towards universal health coverage: lessons from 11 country
studies. Lancet 2016; 387: 811–16.
WHO. Health systems ﬁnancing: the path to universal health
coverage. Geneva: World Health Organization, 2010.
Riley L, Guthold R, Cowan M, et al. The World Health Organization
STEPwise approach to noncommunicable disease risk-factor
surveillance: methods, challenges, and opportunities.
Am J Public Health 2016; 106: 74–78.
WHO. STEPS country reports. 2016. http://www.who.int/chp/
steps/reports/en/ (accessed May 11, 2016).
Davies J, Yudkin JS, Atun R. Liberating data: the crucial weapon in
the ﬁght against NCDs. Lancet Diabetes Endocrinol 2016; 4: 197–98.
Human Sciences Research Council. SANHANES: health and
nutrition. 2015. http://www.hsrc.ac.za/en/research-areas/Research_
Areas_PHHSI/sanhanes-health-and-nutrition (accessed
Dec 30, 2015).
MoHSS and ICF International. 2014. The Namibia Demographic
and Health Survey 2013. Windhoek, Namibia, and Rockville,
Maryland, USA: The Nambia Ministry of Health and Social Services
(MoHSS) and ICF International.
WHO. The STEPS instrument and support materials. 2015.
http://www.who.int/chp/steps/instrument/en/ (accessed
Dec 11, 2015).
Baragou S, Djibril M, Atta B, Damorou F, Pio M, Balogou A.
Prevalence of cardiovascular risk factors in an urban area of Togo:
a WHO STEPS-wise approach in Lome, Togo. Cardiovasc J Afr 2012;
23: 309–12.
Stringhini S, Viswanathan B, Gedeon J, Paccaud F, Bovet P.
The social transition of risk factors for cardiovascular disease in the
African region: evidence from three cross-sectional surveys in the
Seychelles. Int J Cardiol 2013; 168: 1201–06.
Guwatudde D, Mutungi G, Wesonga R, et al. The epidemiology
of hypertension in uganda: ﬁndings from the national
non-communicable diseases risk factor survey. PLoS One 2015;
10: e0138991.
Bahendeka S, Wesonga R, Mutungi G, Muwonge J, Neema S,
Guwatudde D. Prevalence and correlates of diabetes mellitus in
Uganda: a population-based national survey. Trop Med Int Health
2016; 21: 405–16.
Camara A, Balde NM, Diakite M, et al. High prevalence, low
awareness, treatment and control rates of hypertension in Guinea:
results from a population-based STEPS survey. J Hum Hypertens
2016; 30: 237–44.

29

30

31

32

33
34
35

36

37

38

39

40
41

42
43

44

45

Kenya Ministry of Health Division of Non-Communicable Diseases
and the Kenya National Bureau of Statistics. Kenya STEPwise
survey for non-communicable diseases risk factors 2015 report.
Kenya: Kenya Ministry of Health, 2015.
Ministry of Health Seychelles. National survey of noncommunicable
diseases in Seychelles 2013–2014 (Seychelles heart study IV):
methods and main ﬁndings. Victoria, Seychelles: Public Health
Authority, 2015.
Houehanou YC, Lacroix P, Mizehoun GC, Preux PM, Marin B,
Houinato DS. Magnitude of cardiovascular risk factors in rural and
urban areas in Benin: ﬁndings from a nationwide steps survey.
PLoS One 2015; 10: e0126441.
Silva-Matos C, Gomes A, Azevedo A, Damasceno A, Prista A,
Lunet N. Diabetes in Mozambique: prevalence, management and
healthcare challenges. Diabetes Metab 2011; 37: 237–44.
American Diabetes Association. Standards of medical care in
diabetes—2014. Diabetes Care 2014; 37 (suppl 1): S14–80.
WHO. Deﬁnition and diagnosis of diabetes and intermediate
hyperglycemia. Geneva: World Health Organization, 2006.
Society for Endocrinology Metabolism and Diabetes of South Africa.
The 2012 SEMDSA guideline for the management of type 2
diabetes mellitus: summary. South Africa: Society of Endocrinology,
Metabolism and Diabetes in South Africa, 2012.
Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, McDonald JM,
Parrott M. Guidelines and recommendations for laboratory analysis
in the diagnosis and management of diabetes mellitus. Clin Chem
2002; 48: 436–72.
NCD Risk Factor Collaboration. Worldwide trends in diabetes since
1980: a pooled analysis of 751 population-based studies with
4·4 million participants. Lancet 2016; 387: 1513–30.
Stauﬀer F, Viswanathan B, Jean M, Kinabo M, Bovet P. Comparison
between capillary glucose measured with a Contour glucometer and
plasma glucose in a population survey. Laboratoriumsmedizin 2016;
40: 133–39.
UN Population Division. World population prospects, the 2015
revision. 2015. https://esa.un.org/unpd/wpp/2016 (accessed
April 5, 2016).
Clinical Guidelines Task Force. Global guideline for type 2 diabetes.
Brussels: International Diabetes Federation, 2012.
Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity,
diabetes, and obesity-related health risk factors, 2001. JAMA 2003;
289: 76–79.
Cutler DM, Lleras-Muney A. Understanding diﬀerences in health
behaviors by education. J Health Econ 2010; 29: 1–28.
Republic of South Africa Department of Health. National health
insurance for South Africa: towards universal health coverage, 2015.
https://www.health-e.org.za/wp-content/uploads/2015/12/NationalHealth-Insurance-for-South-Africa-White-Paper.pdf (accessed
July 29, 2016).
WHO. Universal health coverage: questions and answers. 2015.
http://www.who.int/healthsystems/topics/ﬁnancing/uhc_qa/en/
(accessed Dec 11, 2015).
The Demographic and Health Surveys Program. Data: online tools.
2016. http://www.dhsprogram.com/ (accessed June 13, 2016).

www.thelancet.com/diabetes-endocrinology Published online October 7, 2016 http://dx.doi.org/10.1016/S2213-8587(16)30181-4

