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Summary

Background Approximately 80% of the 463 million adults worldwide with diabetes live in low-income and
middle-income countries (LMICs). A major obstacle to designing evidence-based policies to improve diabetes
outcomes in LMICs is the scarce availability of nationally representative data on the current patterns of treatment
coverage. The objectives of this study were to estimate the proportion of adults with diabetes in LMICs who receive
coverage of recommended pharmacological and non-pharmacological diabetes treatment; and to describe country-level
and individual-level characteristics that are associated with treatment.
Methods We did a cross-sectional analysis of pooled, individual data from 55 nationally representative surveys in
LMICs. Our primary outcome of self-reported diabetes treatment coverage was based on population-level
monitoring indicators recommended in the 2020 WHO Package of Essential Noncommunicable Disease
Interventions. Surveys were included if they were done in 2008 or after in an LMIC, as classified by the World
Bank in the year the survey was done; were nationally representative; had individual-level data; contained a
diabetes biomarker (fasting glucose, random glucose, or glycated haemoglobin); and had data on one or more
diabetes treatments. Our sample included non-pregnant individuals with an available diabetes biomarker who
were at least 25 years of age. We assessed coverage of three pharmacological and three non-pharmacological
treatments among people with diabetes. At the country level, we estimated the proportion of individuals reporting
coverage by per-capita gross national income and geographical region. At the individual level, we used logistic
regression models to assess coverage along several key individual characteristics including sex, age, body-mass
index, wealth quintile, and educational attainment. In the primary analysis, we scaled sample weights such that
countries were weighted equally.
Findings The final pooled sample from the 55 LMICs included 680 102 total individuals and 37 094 individuals with
diabetes. Using equal weights for each country, diabetes prevalence was 9·0% (95% CI 8·7–9·4), with 43·9%
(41·9–45·9) reporting a previous diabetes diagnosis. Overall, 4·6% (3·9–5·4) of individuals with diabetes selfreported meeting need for all treatments recommended for them. Coverage of glucose-lowering medication
was 50·5% (48·6–52·5); antihypertensive medication was 41·3% (39·3–43·3); cholesterol-lowering medication was
6·3% (5·5–7·2); diet counselling was 32·2% (30·7–33·7); exercise counselling was 28·2% (26·6–29·8); and
weight-loss counselling was 31·5% (29·3–33·7). Countries at higher-income levels tended to have greater coverage.
Female sex and higher age, body-mass index, educational attainment, and household wealth were also associated with
greater coverage.
Interpretation Fewer than one in ten people with diabetes in LMICs receive coverage of guideline-based comprehensive
diabetes treatment. Scaling up the capacity of health systems to deliver treatment not only to lower glucose but also to
address cardiovascular disease risk factors, such as hypertension and high cholesterol, are urgent global diabetes
priorities.
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Research in context
Evidence before this study
We searched PubMed on Jan 5, 2021, without language or date
restrictions using the search terms “diabetes” and (“low- and
middle-income countries” or “developing countries”) and (“met
need” or “treatment” or “coverage”) in the title or abstract. We
identified two large studies assessing levels of diabetes
treatment using individual data from multiple low-income and
middle-income countries (LMICs). One study reported
estimates of glycaemic care (proportion tested, diagnosed,
treated, and controlled) among individuals with diabetes in
28 LMICs but did not explore other components of
comprehensive diabetes care such as medication treatment for
hypertension or elevated cholesterol. A second study, the
Prospective Urban Rural Epidemiology study, reported
individual-level data on use of diabetes, hypertension, and
cardiovascular disease medicines in LMICs. However, the PURE
study is not nationally representative, includes fewer than
20 LMICs, and, to our knowledge, has not assessed the use of
non-pharmacological interventions for diabetes.
Added value of this study
To our knowledge, this study is the largest assessment of
comprehensive diabetes treatment using individual-level data
from nationally representative samples of adults across LMICs
of diverse income groups and geographical regions. This
study makes three valuable additions to the existing

Introduction
The global burden of disability-adjusted life-years
attributable to diabetes and elevated fasting glucose has
more than doubled from 1990 to 2019.1 Approximately
80% of the estimated 463 million adults with diabetes
worldwide live in low-income and middle-income
countries (LMICs).2 The limitations of health systems in
LMICs to deliver treatment for non-communicable
diseases (NCDs) such as diabetes leads to substantial
excess mortality.3,4 Expanding access to diabetes treatment
is crucial for many countries to meet Sustainable
Development Goal 3.4 (reduce premature mortality from
NCDs by a third by 2030).5
WHO recommends a comprehensive approach to
clinical care of type 2 diabetes consisting of
pharmacological and non-pharmacological treatment
targeting glycaemic control and key cardiovascular
disease (CVD) risk factors such as hypertension, elevated
cholesterol, and obesity.6,7 This approach is supported
by randomised clinical trials and high-quality cohort
studies showing the benefit of multiple risk factor
reduction among people with diabetes.3,8,9 Within this
paradigm, the pharmacological treatments shown to
be most effective in improving diabetes outcomes
include glucose-lowering medications, antihypertensive
medications, and cholesterol-lowering medications.10
Non-pharmacological treatments such as counselling on

literature. First, we found that fewer than one in ten people
with diabetes in LMICs receive comprehensive diabetes
treatment as recommended by WHO. Our findings are
essential for policy makers as we identify pharmacological
treatment of hypertension and elevated cholesterol as key
drivers of low self-reported treatment. Second, we make
cross-country estimates of diabetes treatment that could be
used by health systems in LMICs to benchmark current and
future performance. Third, we report individual characteristics
such as young age and lower body-mass index that are
associated with low coverage of diabetes treatment; these
individual-level findings can be used by health systems to
direct care to underserved groups.
Implications of all the available evidence
Although there are differences in the proportion of people
receiving diabetes treatment both between and within
countries, overall, there is need to scale up comprehensive
diabetes treatment in LMICs. Our findings suggest that
improving access to comprehensive treatment not only to
lower glucose but also to address cardiovascular disease risk
factors such as hypertension and elevated cholesterol are global
diabetes priorities. Global initiatives such as the WHO HEARTS
Technical Package and Global Diabetes Compact represent
important opportunities to address the implementation and
economic challenges of this approach

diet, exercise, and weight loss are widely recommended
in guidelines, although their role is less well defined
given a paucity of data supporting long-term effectiveness,
especially in LMICs.10–12
Overall, there are few nationally representative data
on the performance of health systems in LMICs in
delivering comprehensive diabetes treatment.13 A
previous study14 assessing diabetes care cascades using
individual data from 28 nationally representative
surveys in LMICs showed substantial gaps in glycaemic
care, but this study did not explore other components of
diabetes treatment such as use of antihypertensive or
cholesterol-lowering medication. National and regional
strategies to treat the growing number of people with
diabetes in LMICs should be shaped by the best available
evidence on the coverage and quality of diabetes
treatment.15
The objectives of this study are to estimate the
proportion of adults with diabetes in LMICs
who receive coverage of recommended pharmaco
logical and non-pharmacological diabetes treatment;
and to describe country-level and individual-level
characteristics that are associated with treatment. Our
estimates can be used by policy makers in LMICs to
prioritise resources, target interventions, and
benchmark progress in scaling up comprehensive
diabetes treatment.
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Glucose-lowering
medication

Antihypertensive
medication

Cholesterol-lowering
medication

Diet counselling

Exercise
counselling

Weight-loss
counselling

Number of countries

55

52

46

49

48

48

Numerator

Individuals selfreporting use of an oral
glucose-lowering
medication or insulin

Individuals selfreporting use of an
antihypertensive
medication

Individuals selfreporting use of a
cholesterol-lowering
medication

Individuals selfreporting dietary
counselling

Individuals selfreporting exercise
counselling

Individuals
self-reporting
weight-loss
counselling

Denominator

Individuals with
diabetes not reaching
the glycaemic target or
self-reporting use of a
glucose-lowering
medication

Individuals with
diabetes and
hypertension

Individuals with
diabetes aged ≥40
years

Individuals with
diabetes

Individuals with
diabetes

Individuals with
diabetes and
body-mass index
≥25 kg/m²

Outcome definitions are consistent with recommended population-level monitoring indicators and clinical treatment guidelines in the 2020 World Health Package of
Essential Noncommunicable Disease Interventions.6

Table 1: Definitions of outcomes

Methods

Study design
We did a cross-sectional analysis of pooled, individuallevel data from 55 nationally representative surveys in
LMICs. Surveys were included if they were done in 2008
or after in an LMIC, as classified by the World Bank
in the year the survey was done; were nationally
representative; had individual-level data; contained a
diabetes biomarker (fasting glucose, random glucose, or
glycated haemoglobin [HbA1c]); and had data on one or
more diabetes treatments as defined later in this section.
Our two-step process for pooling surveys has been
previously described.16 First, we identified all LMICs in
which a WHO Stepwise Approach to Surveillance
(STEPS) survey had been done. Before 2019, we requested
each STEPS survey from a list maintained on the WHO
website. Beginning in 2019, we downloaded STEPS
surveys from the WHO Central Data Catalog. Second, for
countries in which no eligible STEPS survey was
available or accessible, we did a systematic Google search
in April, 2020, to identify non-STEPS surveys. In total,
we included STEPS surveys from 44 countries and
non-STEPS surveys from 11 countries. The
appendix (pp 3–35) has further information on our
search process, a map of included countries, and details
of included surveys.
Our use of de-identified survey data was determined
not to be human participant research by the institutional
review board of the University of Michigan.

Sample and definitions
Our sample included non-pregnant individuals with an
available diabetes biomarker who were at least 25 years of
age. We excluded people younger than 25 years as this
was the minimum age for inclusion in many surveys.
Diabetes status was defined by self-reported use of a
glucose-lowering medication (oral glucose-lowering
medication or insulin) or biochemical evidence of
diabetes using the WHO definition: fasting plasma
glucose (FPG) of 7·0 mmol/L (126 mg/dL) or higher,

random plasma glucose of 11·1 mmol/L (200 mg/dL) or
higher, or an HbA1c measurement of 6·5% or higher.6
The diabetes biomarker used for diagnosis was a
point-of-care fasting capillary glucose in 44 surveys, a
laboratory-based fasting plasma glucose in seven surveys,
and HbA1c in four surveys. In countries with capillary
glucose measurements, we converted values to plasma
glucose by multiplying by a factor of 1·11 based on
research showing that capillary glucose underestimates
plasma concentrations.17 Where fasting status was
missing, with one exception, we assumed that the
glucose measurement was fasting in accordance with
survey protocols. The exception was India where random
blood glucose was the primary diabetes biomarker.
Hypertensive status was defined as systolic blood
pressure of 140 mm Hg or higher, diastolic blood
pressure of 90 mm Hg or higher, or self-reported use of
an antihypertensive medication.6 For respondents with
three blood pressure measurements, values were
averaged over the final two readings. For respondents
with two blood pressure measurements, we used the
mean of the two values. The appendix (pp 36–40) has
additional, country-specific information on diabetes
biomarker and blood pressure measurements.

(J A Seiglie, D J Wexler), Harvard
Medical School, and
Department of Global Health
and Population, Harvard TH
Chan School of Public Health
(Prof R Atun,
Prof T W Bärnighausen), Harvard
University, Boston, MA, USA;
Africa Health Research
Institute, Somkhele, South
Africa (Prof T W Bärnighausen);
MRC/Wits Rural Public Health
and Health Transitions
Research Unit, School of Public
Health, University of
Witwatersrand, Johannesburg,
South Africa (Prof J I Davies);
Institute of Applied Health
Research, University of
Birmingham, Birmingham, UK
(Prof J I Davies); Division of
Primary Care and Population
Health, Department of
Medicine, Stanford University,
Stanford, CA, USA
(P Geldsetzer); Division of
Global Health Equity, Brigham
and Women’s Hospital, Boston,
MA, USA (P Rohloff); Veterans
Affairs Ann Arbor Center for
Clinical Management Research,
Ann Arbor, MI, USA
(Prof M Heisler)
Correspondence to:
Dr David Flood, Department of
Internal Medicine, University of
Michigan, Ann Arbor, MI 48109,
USA
dcflood@umich.edu

See Online for appendix

Outcomes
Our primary outcome of diabetes treatment coverage
was based on population-level monitoring indicators
recommended in the 2020 WHO Package of Essential
Noncommunicable Disease Interventions (WHO PEN).6
Consistent with WHO PEN, we defined diabetes
treatment coverage as the “proportion of eligible persons
receiving drug therapy and counselling (including
glycaemic control) to prevent heart attacks and strokes”
in population-based data sources such as STEPS surveys.6
We estimated self-reported coverage for six core type 2
diabetes clinical treatments recommended in WHO
PEN.6 The first group consisted of three pharmacological
treatments: glucose-lowering, antihypertensive, and
cholesterol-lowering medication. The second group
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Year

Response rate Sample size* Sample median Sample age Women
age, years*
range, years

Sample with Diabetes† Diagnosed†
diabetes*

Low-income countries
Bangladesh

2011

95·0%

7305

48 (41–60)

35–96

49·7%

785

10·1%

Benin

2015

98·6%

4041

39 (31–49)

25–69

52·1%

276

6·5%

42·5%
9·4%

Burkina Faso

2013

98·7%

3945

37 (29–47)

25–64

50·7%

99

2·7%

8·3%

Cambodia

2010

96·3%

5026

43 (34–52)

25–64

64·4%

152

2·4%

52·6%

Comoros

2011

96·5%

2295

40 (32–50)

25–64

73·9%

98

4·3%

57·1%

Eritrea

2010

97·0%

5360

43 (33–55)

25–74

70·9%

203

3·7%

53·9%

Liberia

2011

87·1%

1543

35 (29–44)

25–64

53·7%

204

13·2%

5·9%

Nepal

2013

89·8%

3286

42 (35–54)

25–69

68·3%

192

5·4%

44·4%

Rwanda

2012

98·8%

5078

38 (31–48)

25–64

62·2%

85

1·6%

14·8%

Tanzania‡

2012

94·7%

4628

41 (33–50)

25–64

52·2%

142

2·8%

39·1%

Togo

2010

91·0%

2582

38 (30–47)

25–64

50·5%

82

3·3%

21·7%

Uganda

2014

92·2%

2633

38 (30–48)

25–69

59·2%

37

1·8%

30·7%

Zanzibar‡

2011

91·0%

2174

40 (32–50)

25–64

61·3%

95

3·6%

37·2%
38·7%

Lower-middle-income countries
Bhutan

2014

96·9%

2408

41 (33–51)

25–69

60·1%

72

2·5%

Eswatini

2014

81·8%

2044

42 (32–54)

25–71

67·2%

154

6·7%

42·6%

Georgia

2016

75·7%

2973

53 (42–61)

25–70

72·4%

262

6·4%

66·6%

India

2015–16

96·0%

491 512

35 (30–42)

25–54

85·2%

19 086

5·1%

44·9%

Indonesia

2014

83·0%

5350

48 (34–62)

25–101

55·8%

476

8·2%

22·6%

Kenya

2015

95·0%

3325

39 (31–50)

25–69

59·5%

105

2·4%

29·7%

Kiribati

2015

55·0%

992

41 (32–51)

25–69

55·6%

209

19·9%

38·0%

Kyrgyzstan

2013

100·0%

2482

44 (35–53)

25–64

63·1%

153

5·4%

47·4%

Laos

2013

98·8%

2084

42 (33–50)

25–65

59·9%

127

5·7%

54·8%

Lesotho

2012

80·0%

1971

42 (32–54)

25–64

65·8%

82

2·8%

41·8%

Moldova

2013

83·5%

3371

51 (38–59)

25–69

63·5%

314

6·9%

48·6%

Mongolia

2013

97·4%

1866

40 (32–50)

25–64

56·3%

98

4·8%

52·2%

Morocco

2017

89·0%

4207

47 (37–59)

25–100

65·0%

663

13·6%

53·0%

Myanmar

2014

90·0%

7758

45 (36–54)

25–64)

65·1%

614

6·4%

47·0%

Samoa

2013

64·0%

1306

43 (34–52)

25–64

60·3%

331

24·6%

15·3%

São Tomé and Príncipe

2009

95·0%

1995

38 (30–48)

25–64

56·1%

59

3·0%

44·6%

Solomon Islands

2015

58·4%

1482

42 (34–51)

25–71

54·3%

94

5·4%

12·2%

Sudan

2015

88·0%

5311

40 (32–50)

25–69

63·0%

525

8·3%

52·5%
29·4%

Tajikistan

2016

94·0%

2173

42 (33–52)

25–70

58·5%

202

5·5%

Timor-Leste

2014

96·3%

2021

43 (34–54)

25–69

56·5%

60

3·0%

11·7%

Vanuatu

2011

94·0%

4444

40 (32–50)

25–64

49·1%

470

9·7%

18·4%

Vietnam

2015

79·8%

2768

45 (37–55)

25–69

57·2%

108

3·1%

53·1%

Zambia

2017

74·3%

2565

40 (32–50)

25–69

61·1%

231

8·2%

14·5%

(Table 2 continues on next page)

consisted of three non-pharmacological treatments
counselling on: diet, exercise, and weight loss.
We used WHO PEN to define the numerator and
denominator for each outcome (table 1 and
appendix pp 41–44).6 Glucose-lowering medication use
was quantified among individuals not having glycaemic
targets or self-reporting use of an oral glucose-lowering
medication or insulin. We set glycaemic targets of HbA1c
as less than 7·0% (equivalent to FPG <8·0 mmol/L)18 in
people younger than 65 years of age and less than 8·0%
(FPG <9·2 mmol/L) in people 65 years or older.
Antihypertensive medication use was quantified
among people with both diabetes and hypertension.
4

Cholesterol-lowering medication use was quantified
among individuals with diabetes aged older than 40 years;
we did not assess serum cholesterol levels as lipid
measurements are not required to guide cholesterollowering therapy according to the WHO PEN guidelines.
Counselling on diet and exercise was quantified among
all people with diabetes. Counselling on weight-loss was
quantified among individuals with diabetes and bodymass index (BMI) of at least 25 kg/m2 or greater.

Statistical analysis
We estimated the proportion of individuals self-reporting
coverage of each diabetes treatment alone and in
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Year

Response rate Sample size* Sample median Sample age Women
age, years*
range, years

Sample with Diabetes† Diagnosed†
diabetes*

(Continued from previous page)
Upper-middle-income countries
Algeria

2016

93·8%

5162

43 (35–53)

25–69

54·9%

683

11·6%

64·1%

Azerbaijan

2017

97·3%

2394

49 (37–57)

25–69

59·6%

263

8·2%

55·9%

Belarus

2016

87·1%

4423

49 (39–58)

25–69

58·5%

262

5·2%

72·8%

Botswana

2014

64·0%

2574

39 (31–51)

25–69

68·9%

117

3·8%

40·3%

Chile

2009–10

85·0%

4149

50 (38–63)

25–100

60·5%

540

11·8%

66·3%

China

2009

88·0%

8120

52 (42–62)

25–99

53·2%

643

7·9%

36·1%

Costa Rica

2010

87·8%

2433

50 (39–62)

25–110

73·1%

375

12·0%

77·0%

Fiji

2009

80·0%

1344

54 (47–63)

40–90

57·1%

581

43·2%

33·9%

Guyana

2016

66·9%

Iran

2016

Iraq

2015

66·7%
~99%
98·8%

702

45 (35–56)

25–69

63·2%

127

16·7%

19 248

46 (35–58)

25–100

53·5%

1740

9·6%

77·6%

3187

43 (34–55)

25–102

60·2%

648

18·9%

70·3%

Lebanon

2017

65·9%

1106

49 (40–56)

25–69

62·6%

175

13·3%

47·9%

Mexico

2009–12

90·0%

7559

53 (45–64)

25–99

54·8%

2539

35·3%

44·2%
44·9%

Namibia

2013

96·9%

3244

46 (40–53)

35–64

58·1%

218

6·1%

Romania

2015–16

69·1%

1774

50 (39–65)

25–80

52·5%

250

14·1%

76·8%

Seychelles

2013

73·0%

1240

47 (36–55)

25–64

57·2%

179

11·7%

60·3%

South Africa

2012

39·8%

3390

48 (36–60)

25–97

65·2%

575

13·3%

46·6%

Saint Vincent and the
Grenadines

2013

67·8%

889

47 (37–55)

25–70

60·7%

115

11·1%

79·4%

Tuvalu

2015

76·0%

860

47 (34–56)

25–69

54·8%

119

12·8%

59·5%

··

52·7§

37 094

9·0%

43·9%

Overall total

··

··

680 102

··

Data are year, %, n, median (IQR), or range. Country income groups are classified according to the World Bank in the year the survey was done. *The sample includes nonpregnant participants aged ≥25 years with a non-missing diabetes biomarker. †Values account for survey design and are weighted equally by country in the overall total.
‡Zanzibar is a semi-autonomous region of Tanzania. §Value accounts for survey design and is weighted equally by country.

Table 2: Survey characteristics

combination. We also estimated coverage by country
per-capita gross national income (GNI) and geographical
region adapted from the classification scheme of the NCD
Risk Factor Collaboration.19 A country’s GNI was included
both as a continuous variable and in categories defined by
the World Bank in the year the survey was done.
We then assessed coverage along several key individuallevel characteristics. Specifically, we constructed
univariable and multivariable logistic regression models
with country-level fixed effects and individual-level
covariates of sex, age, BMI, wealth quintile, and
educational attainment. Age and BMI were included as
continuous variables using restricted cubic splines with
five knots at 5%, 27·5%, 50%, 72·5%, and 95%.
Household wealth quintiles were based on asset indices
or income depending on the available data in each survey
(appendix p 45). Survey weighting and clustering at the
country level were accounted for in all analyses. We used
the sample weights for the diabetes biomarker when
available. Given that our main interest was at the level of
the health system, we scaled sample weights such that
countries were weighted equally; the India survey,
therefore, contributes equally to other countries despite
its large sample size. We used a complete case analysis in
the models. We report model outputs as predicted
probabilities. Analyses were done in Stata (version 16.1).

We did multiple sensitivity analyses. First, we
restricted the sample to individuals reporting a
previous diabetes diagnosis. Second, we weighted each
country in proportion to its 2015 population size.
Third, given differences in the upper age limit of
surveys, we limited the analysis to individuals aged
25–64 years. Fourth, the WHO recommends using
CVD risk scores to guide treatment with cholesterollowering medications when it is infeasible to treat all
people with diabetes aged older than 40 years.7
Therefore, we estimated coverage of cholesterollowering medication among people with diabetes who
have a 10-year predicted CVD risk of at least 20% using
the 2019 WHO non-laboratory risk equations.20 Finally,
we re-specified the multivariable logistic regressions as
multilevel models using random effects at the country
level.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
The final pooled sample from the 55 LMICs included
680 102 total individuals and 37 094 individuals with
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Figure 1: Diabetes treatment coverage in 55 low-income and middle-income countries
Coverage, or the proportion of eligible individuals receiving diabetes treatment, in 55 low-income and middle-income countries. Each treatment is a core
recommendation for people with type 2 diabetes in the 2020 WHO Package of Essential Noncommunicable Disease Interventions. For the combined interventions,
the denominator was all individuals who needed coverage for at least one treatment within the category; the numerator was the number of individuals self-reporting
coverage for all treatments indicated for that individual within the category. For example, if an individual was defined to need glucose-lowering medication but not
antihypertensive or cholesterol-lowering medication, the individual would be classified as having coverage for the pharmacological treatments if they self-reported
use of the glucose-lowering medication (ie, one out of only one indicated treatment). Conversely, if an individual was defined to need both glucose-lowering therapy
and antihypertensive therapy, the individuals would not be classified as having coverage for the pharmacological treatments if the individual only self-reported use of
the glucose-lowering medication (ie, one out of two indicated interventions). Estimates account for clustering at the country level and equal weights by country.
Error bars indicate 95% CIs.

diabetes (table 2; detailed sample characteristics are
reported in appendix p 52). Overall, 7·9% of participants
were missing data on at least one individual-level
characteristic (appendix pp 46–51). Using equal weights
for each country, diabetes prevalence by self-report of a
glucose-lowering medication or biomarker was 9·0%
(95% CI 8·7–9·4), with 43·9% (41·9–45·9) reporting a
previous diabetes diagnosis. Diabetes prevalence and the
proportion of diagnosed diabetes tended to be greater in
countries in higher World Bank income categories
(appendix pp 53–55). Among geographical regions,
Oceania had the highest diabetes prevalence (19·3%,
95% CI 18·0–20·7) and lowest proportion diagnosed
(29·7%, 23·7–36·6). Latin America and the Caribbean
had the next highest diabetes prevalence (17·4%, 95% CI
16·1–18·8) but had the highest proportion diagnosed
(66·8%, 62·9–70·5).
Coverage varied by treatment (figure 1 and
appendix p 56). Among pharmacological treatments,
coverage of glucose-lowering medication was 50·5%
(95% CI 48·6–52·5); antihypertensive medication was
41·3% (39·3–43·3); and cholesterol-lowering medication
was 6·3% (5·5–7·2). Among non-pharmacological
treatments, coverage of diet counselling was 32·2%
(30·7–33·7);
exercise
counselling
was
28·2%
(26·6–29·8); and weight-loss counselling was 31·5%
(29·3–33·7). In the combined analysis, coverage of
pharmacological treatment was 8·1% (7·1–9·1) and
coverage of non-pharmacological treatment was 25·2%
(23·7–26·7). Overall, 4·6% (3·9–5·4) of individuals with
diabetes self-reported meeting need for all treatments
defined in this study that were recommended for them in
WHO PEN.
6

There were substantial differences in coverage by
country stratifications of income and geographical region
(figure 2 and appendix pp 56–59). Countries in higherincome groups generally had higher coverage across all
treatments. For example, coverage of glucose-lowering
medication was 40·3% (95% CI 36·4–44·3) in low-income
countries, 45·1% (42·0–48·2) in lower-middle-income
countries, and 64·1% (60·3–67·7) in upper-middleincome countries. Regionally, coverage was generally
highest in Latin America and the Caribbean and lowest
in Oceania followed by sub-Saharan Africa. Across all
income and geographical stratifications, coverage of
glucose-lowering and hypertension medication was
higher than coverage of non-pharmacological treatment
of diet, exercise, and weight-loss counselling.
Antihypertensive medication coverage also was higher
than cholesterol-lowering medication coverage across
income groups and regions.
The positive association between country income and
coverage also was observed when countries’ per-capita
GNI was included as a continuous variable among
individuals aged 25–64 years (figure 3 and
appendix pp 68–69). Countries that generally had higher
diabetes treatment coverage than predicted based on
income included Bangladesh, Costa Rica, Cambodia,
Eritrea, Guyana, Iran, and Saint Vincent and the
Grenadines. Countries that generally had lower diabetes
treatment coverage than predicted based on income
included Benin, Fiji, Indonesia, Rwanda, and Solomon
Islands.
Predicted probabilities of coverage from the multivariable
logistic regression models are shown in table 3. Full model
details and univariate logistic regression models are
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Figure 2: Diabetes treatment coverage by country income group and geographical regions
Data are percentages with 95% CIs accounting for clustering at the country level and equal weights by country. Income categories represent the World Bank’s
classification in the year the survey was conducted. Geographical regions were categorised according to the Non-Communicable Disease Risk Factor Collaboration.19
LIC=low-income country. LMIC=lower-middle-income country. UMIC=upper-middle-income country

available in the appendix (pp 60–64). Women had greater
coverage than men for multiple treatments. There also
tended to be a gradient of greater coverage with increasing
age and BMI, higher levels of educational attainment, and,
to a lesser extent, household wealth.
In the sensitivity analysis restricting the sample to
individuals reporting a previous diabetes diagnosis
(appendix p 65), coverage of glucose-lowering medication
was 85·0% (95% CI 82·3–87·4); antihypertensive
medication was 57·0% (53·9–60·0); cholesterol-lowering
medication was 9·2% (7·7–10·9); diet counselling was
73·9% (71·4–76·3); exercise counselling was 65·3%
(62·8–67·8); and weight-loss counselling was 62·8%
(59·3–66·1). In this scenario, the combined coverage of
pharmacological treatment was 14·3% (12·2–16·8);
non-pharmacological treatment, 56·2% (53·6–58·8);
and all recommended treatments, 10·1% (8·2–12·5). In
the sensitivity analysis weighting each country in
proportion to its 2015 population size (appendix p 66),
the overall coverage was similar for antihypertensive
medication (40·5%, 95% CI 38·0–43·1), cholesterol-

lowering medication (7·9%, 95% CI 6·8–9·1), and
exercise counselling (27·8%, 24·4–31·5); however,
coverage was lower for glucose-lowering medication
(45·6%, 42·0–49·2), diet counselling (23·5%, 21·2–26·0),
and weight-loss counselling (19·0%, 16·3–21·9). Results
from the sensitivity analysis restricted to the sample of
individuals aged 25–64 years is shown in figure 3 and the
appendix (pp 67–70). In the sensitivity analysis among
people with diabetes who had a 10-year predicted CVD
risk of at least 20% (appendix p 71), coverage of
cholesterol-lowering medication was 7·6% (95% CI
5·4–10·6). Finally, results from the sensitivity analysis
with multivariable logistic regression models using
random effects at the country level were generally
consistent with the primary analysis (appendix p 72).

Discussion
In this pooled analysis of nationally representative,
individual-level data from 55 LMICs, we found that fewer
than one in ten people with diabetes had a composite
indicator of coverage for up to six clinical treatments

www.thelancet.com/healthy-longevity Published online May 21, 2021 https://doi.org/10.1016/S2666-7568(21)00089-1

7

Articles

East and southeast Asia

Europe and central Asia

Latin America and the Caribbean

Middle East and north Africa

Oceania

Glucose-lowering medication

100

Sub-Saharan Africa

Antihypertensive medication

CRI

Coverage (%)

80

60

40

20

VCT

CRI

BLR

GUY
DZA
LSO
IRN
NAMGEO
ERIKHM BGD VNM
AZE
SDN
MAR
ZAF
MMR LAO
COM M
SWZ IRQ
LBN
KGZ
CHN
TZA
MDA
NPLTUV
KEN
FJI
ZAN TJK
VUT
KIR IND
RWA
WSM
IDN
ZMB
BEN
SLB

NAM
CHL

SYC

KHM

BWA

BGD

LSO

MEX

MMR

BLR

LBN

CHL

MEX

IDN

VUT

0
Cholesterol-lowering medication

100

BWA

VCT
SWZ GUY
ZAF AZE
GEO
O
IRQ
IRN
DZA
MDA
CHN

TJK
ERI
KGZ
NPL
VNM
COM
SDN IND
LBR
MAR
ZMBTUV
ZAN BEN
WSM
TZA
KIR

ROU

MNG

Diet counselling

Coverage (%)

80

60
CRI
40

LBN
IRN

20

0

VNM
BFA KHM
MLSO
SDN MAR
ERI
R

IRQ

DZA
IDN MDA GEO
VCT AZE

SYC

BWA
BLR

CHL

ROU

IRN
BLR
VCT
DZA
TUV LAO
MNG IRQ
KHM
GUY
CRI
KGZ VNM SWZ
COM
MDA GEO
MMR
ERI
R
AZE
BTN NAM
ZAN
N LSO SDN MAR
BWA
TZA
LBN
NPL STPP
KEN
TJK KIR
IDN
VUT
CHN FJI
RWA
TGO
SLB ZMB
TLS
WSM
BFA
LBR BEN

Exercise counselling

100

SYC

Weight-loss counselling

Coverage (%)

80

60

MNG
TUV

KHM
TUV

IRN

BLR
DZA
LAO
KHM
MNGVCT
CRI
VNM MAR
40
GEO
ERI
GUYNAMIRQ
ZAN TZA
SWZ
MDA
LSO MMR
BWA
BTN
AZE
KGZ
NPL
LBN
SDN
COM TJK KEN
20
STP
VUT KIR WSM
IDN
TGO SLB ZMB
TLS
BFA
A
LBR RWABEN
FJI
0
0
5
10
15
GNI per capita, PPP (constant 2017 international $)

25

0

5

CRI

NAM
IRQ DZA
SWZ
VCT
MDA GEO IRN
MAR
GUY
AZE

TZA KEN KGZ
LSO MMR
NPL
SDN
COM VUT
TJK
KIR
WSM
BEN
ZMB
LBR SLB

SYC

20

LAO

BLR
SYC

BWA
LBN

CHN
N IDN
10

15

20

25

GNI per capita, PPP (constant 2017 international $)

Figure 3: Diabetes treatment coverage by per capita GNI among individuals aged 25–64 years
The grey shaded area represents the 95% linear prediction interval. The vertical bars represent 95% CIs around point estimates for a given country. The estimates account for weighting and survey
design. Only countries with at least 50 individuals are included in this plot; results for all countries are depicted in the appendix (pp 68–70). GNI per capita is in constant 2017 international dollars as
calculated by the World Bank for the year in which the survey was done. For countries with unavailable GNI data in the survey year, we used per-capita gross domestic product in constant
2017 international dollars. For Eritrea, we used per-capita gross domestic product at current prices in 2011. For Zanzibar, we used estimates using constant 2015 international dollars as published by
the Office of the Chief Government Statistician of Zanzibar. Some labels in the cholesterol-lowering medication plot are omitted due to space limitations. AZE=Azerbaijan. BEN=Benin. BFA=Burkina
Faso. BGD=Bangladesh. BLR=Belarus. BTN=Bhutan. BWA=Botswana. CHL=Chile. CHN=China. COM=Comoros. CRI=Costa Rica. DZA=Algeria. ERI=Eritrea. FJI=Fiji. GEO=Georgia. GNI=gross national
income. GUY=Guyana. IDN=Indonesia. IND=India. IRN=Iran. IRQ=Iraq. KEN=Kenya. KGZ=Kyrgyzstan. KHM=Cambodia. KIR=Kiribati. LAO=Laos. LBN=Lebanon. LBR=Liberia. LSO=Lesotho.
MAR=Morocco. MDA=Moldova. MEX=Mexico. MMR=Myanmar. MNG=Mongolia. NAM=Namibia. NPL=Nepal. PPP=purchasing power parity. ROU=Romania. RWA=Rwanda. SDN=Sudan.
SLB=Solomon Islands. STP=São Tomé and Príncipe. SWZ=Eswatini. SYC=Seychelles. TGO=Togo. TJK=Tajikistan. TLS=Timor-Leste. TUV=Tuvalu. TZA=Tanzania. UGA=Uganda. VCT=St Vincent and the
Grenadines. VNM=Vietnam. VUT=Vanuatu. WSM=Samoa. ZAF=South Africa. ZAN=Zanzibar. ZMB=Zambia.
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Sex
Male

44·9% (41·9–47·9)

34·4% (31·2–37·6)

7·0% (5·3–8·7)

31·3% (28·9–33·6)

27·7% (25·3–25·3)

28·8% (25·7–32·0)

Female

52·2% (49·9–54·5)

44·6% (41·8–47·3)

6·7% (5·5–7·9)

33·5% (31·4–35·6)

29·8% (27·8–31·8)

34·3% (31·5–37·1)

Age, years
30

24·0% (18·4–29·6)

20·6% (13·4–27·8)

13·1% (9·7–16·5)

12·1% (8·8–15·5)

17·2% (11·3–23·2)

40

38·6% (34·8–42·4)

29·4% (23·8–35·0)

3·7% (1·5–5·8)

··

25·5% (22·4–28·6)

22·7% (19·6–25·7)

27·9% (23·8–32·0)

50

50·2% (46·7–53·6)

38·2% (34·2–42·1)

6·6% (5·0–8·3)

34·3% (31·5–37·1)

30·4% (27·6–33·3)

32·7% (29·2–36·3)

60

60·1% (56·6–63·7)

49·1% (45·4–52·7)

7·9% (6·0–9·8)

41·6% (38·8–44·4)

36·7% (34·0–39·4)

38·8% (35·4–42·2)

Body-mass index, kg/m²
20

45·6% (41·2–50·0)

30·7% (25·3–36·1)

3·5% (1·8–5·2)

23·0% (19·8–26·1)

18·7% (15·7–21·7)

25

48·7% (45·4–52·0)

36·6% (33·4–39·9)

6·5% (3·9–9·1)

31·2% (28·3–34·0)

28·3% (25·5–31·1)

28·2% (19·5–36·9)

··

30

50·3% (47·5–53·1)

42·9% (39·8–46·1)

6·9% (5·2–8·6)

35·2% (32·5–37·9)

30·9% (28·2–33·5)

32·1% (28·2–36·0)

35

51·7% (47·7–55·7)

47·3% (43·0–51·6)

8·2% (6·4–10·0)

40·3% (36·4–44·2)

35·6% (31·8–39·3)

37·6% (33·4–41·7)

Education
None

37·7% (32·9–42·6)

34·6% (30·4–38·7)

6·6% (4·5–8·8)

25·0% (21·4–28·7)

19·8% (16·2–23·4)

23·8% (18·5–29·1)

Primary

49·0% (45·8–52·2)

40·9% (37·2–44·6)

7·2% (5·8–8·6)

33·3% (30·5–36·0)

28·2% (25·5–30·9)

32·6% (29·0–36·3)

Secondary
or higher

53·0% (49·9–56·0)

42·4% (39·0–45·7)

6·6% (4·6–8·5)

34·7% (32·0–37·5)

32·9% (30·1–35·7)

34·6% (31·2–37·9)

Wealth quintile
1 (poorest)

47·8% (44·0–51·7)

40·4% (36·1–44·8)

7·2% (5·3–9·1)

29·7% (26·2–33·2)

25·5% (22·0–28·9)

27·6% (23·1–32·1)

2

44·9% (41·2–48·6)

39·7% (35·2–44·1)

6·5% (4·0–9·1)

27·8% (24·7–30·9)

25·3% (22·0–28·6)

26·9% (22·8–31·1)
30·1% (25·9–34·2)

3

45·6% (41·6–49·6)

41·6% (36·7–46·4)

5·1% (3·8–6·3)

29·4% (26·2–32·6)

27·0% (23·8–30·1)

4

50·8% (47·2–54·4)

40·4% (36·3–44·5)

7·2% (5·3–9·1)

35·7% (32·0–39·4)

30·2% (26·4–34·0)

33·2% (28·6–37·9)

5 (richest)

54·5% (50·3–58·7)

39·6% (35·1–44·2)

8·5% (5·1–12·0)

38·7% (34·9–42·5)

35·3% (31·7–38·9)

39·7% (35·0–44·4)

Data are % (95% CI). Predicted probabilities of coverage with 95% CIs are reported from multivariable logistic regression models. Predicted probabilities were generated as
average adjusted predictions for categorical variables (sex, educational attainment, and wealth) and adjusted predictions at representative values for continuous variables
(age and body-mass index). Wealth quintile was not available in seven surveys (appendix p 45). Each column represents a diabetes treatment that serves as the model’s
dependent variable. The covariates in the model include all row variables and country-fixed effects. Illustrative values for age and body-mass index are presented; these
variables were included as continuous variables in the models using restricted cubic splines at knots of 5%, 27·5%, 50%, 72·5%, and 95%. Survey weighting and clustering at
the country level were accounted for in the models.

Table 3: Predicted probabilities of diabetes treatment coverage from multivariable logistic regression models

recommended in WHO guidelines. Moreover,
less than 15% of people with previously diagnosed
diabetes had reached the composite indicator. Coverage
of glucose-lowering medication was modestly higher
than antihypertensive medication and substantially
higher than cholesterol-lowering medication. Among
all people with diabetes, approximately one in
three people self-reported receiving recommended
non-pharmacological treatment in the form of counselling
about diet, exercise, or weight loss.
Additionally, we found that countries in higher-income
categories tended to reach greater coverage across
treatments. We also identified countries that generally
had higher coverage than would be predicted based on
per-capita income. Costa Rica emerged as an example of
one such well performing country, a result that has been
attributed to the country’s commitment to universal
health coverage.21 Other countries that outperformed
predicted coverage based on per-capita income included
Bangladesh, Cambodia, Eritrea, Guyana, Iran, and Saint
Vincent and the Grenadines. When countries were
analysed by geographical region, countries in Oceania

tended to have the lowest coverage across treatments
despite having the highest overall prevalence of diabetes.
Previous research on diabetes among people of this
region suggests that high diabetes prevalence and limited
implementation of diabetes care results from complex
structural forces.22 The region of Latin America and the
Caribbean had the second-to-highest diabetes prevalence,
but this region also consistently had among the highest
levels of coverage across treatments.
At the individual level, we found that women had
greater coverage across multiple treatments. This finding
is consistent with the broad global literature detailing
lower use of primary health care services among men in
low-resource settings.23 Greater coverage also was
associated with higher age, BMI, educational attainment,
and household wealth. The results for age and BMI
suggest that health systems in LMICs are reaching more
people with diabetes who have traditional risk factors
such as older age and high BMI. These findings are
crucial given that there is a high proportion of individuals
with diabetes in LMICs who are normal weight according
to clinically defined BMI categories,24 and adequate
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diabetes treatment in a young person might confer
health and economic benefits throughout the lifespan.
A strength of our study is that, in our primary analysis,
we define diabetes using an individual’s diabetes
biomarker or use of a glucose-lowering medication, rather
than limiting the analysis only to individuals reporting a
previous diabetes diagnosis. Given substantial differences
in the proportion of people diagnosed between countries,
we believe that our approach is the most valid method to
compare performance of health systems in delivering
diabetes treatment with the overall population in need,
which was our study’s main objective. In the sensitivity
analysis, we restrict the sample to those reporting a
diabetes diagnosis and find that large differences
persist in diabetes treatment coverage among the three
pharmacological
treatments
and
also
between
pharmacological versus non-pharmacological treatments.
As a high-income country comparison among people
previously diagnosed with diabetes, in the 2007–12 US
National Health and Nutrition Examination (NHANES)
survey,25 the proportion of eligible adults with diabetes who
self-reported use of an antihypertensive medication for
hypertension and statin use for primary CVD prevention
was approximately 90% and 52%, respectively,25 rates
which are substantially higher than the results from the
LMICs included in our study. However, the prevalence of
self-reported exercise, diet, and weight-loss counselling
among people with diagnosed diabetes in the 2011–16 US
NHANES survey was approximately 70%,26 rates which are
similar to our results. In a pooled study27 of health
examination surveys from 12 high-income countries,
overall treatment of hypertension (among all hypertensive
individuals) ranged from 40% to 80%, whereas in our
study we found that 41·3% (95% CI 39·3–43·3) of people
with diabetes were treated in the sample of countries. In
the 2013–17 Japan National Health and Nutrition Surveys,28
coverage for glucose-lowering was 79·9% and for
antihypertensive therapy was 46·3% among those in need
of treatment.28 The PURE study3 in 21 countries also has
shown markedly higher diabetes medication use and lower
CVD mortality among people with diabetes in high-income
countries compared with LMICs.
Such comparisons between our results and previously
published reports from high-income countries should be
made cautiously, as there are likely to be differences in
methods and definitions among surveys. Nevertheless, our
findings suggest that antihypertensive and cholesterollowering medication are areas of diabetes treatment in
which there is a sizeable gap between health systems in
LMICs versus those in high-income countries. Randomised
clinical trials show the high degree of absolute clinical
benefit in addressing hypertension and elevated cholesterol
among people with diabetes, as reflected in
more favourable numbers needed to treat for
antihypertensive and cholesterol-lowering medications
(ie, statins) compared with intensive glucose-lowering
therapy.29 Non-pharmacological interventions for diabetes,
10

although widely recommended, have less evidence for
improvement in long-term outcomes.11 Taken in this
context, our results suggest that scaling up pharmacological
treatment of CVD risk factors such as hypertension and
elevated cholesterol are priorities for the management of
diabetes in LMICs. Although modelling studies30 and
consensus reports such as the Disease Control Priorities
3rd edition31 have pointed to the cost-effectiveness of this
approach, implementation will require substantial
investments in health systems in LMICs. Global initiatives
such as the WHO HEARTS Technical Package7—which
integrates management of diabetes within a CVD
prevention package in primary health care—and the
forthcoming WHO Global Diabetes Compact32 represent
important opportunities to address these implementation
and economic challenges. In the recently published Lancet
Commission15 on diabetes, global experts highlighted the
urgent need to scale up treatment of cardiometabolic risk
factors among people with diabetes through a multifaceted
health systems strengthening approach that includes
deployment of non-physician health workers (ie, task
sharing) within a team-based approach, ensuring access to
affordable medications including insulin, and strengthened
data systems to measure health system performance.
Although there is also a need to develop prospective,
longitudinal data sources such as patient registries in
LMICs,15 our study also shows the power of populationbased surveys such as STEPS to benchmark health system
performance for diabetes. Analysis of repeated surveys
from the same country over time, although beyond the
scope of the present work, would also aid in understanding
temporal trends in health systems’ ability to deliver diabetes
treatment within and across countries.
To our knowledge, this study is the most comprehensive
assessment of diabetes treatment using nationally
representative data in LMICs of diverse income groups and
geographical regions. Previous pooled studies of diabetes
treatment in LMICs include the PURE study,3 an analysis of
diabetes and CVD risk factors in a total of seven countries
including four LMICs,33 and our group’s analysis of diabetes
care cascades in 28 LMICs.14 The PURE study also reported
minimal use of glucose-lowering, antihypertensive, and
cholesterol-lowering medications in LMICs, but the study
was limited by non-nationally representative samples,
inclusion of fewer than 20 LMICs, and, to our knowledge,
no estimates for non-pharmacological diabetes
interventions.3 Our group’s previous work in 28 LMICs
showed substantial gaps in the cascade of glycaemic care,
especially at the step of diagnosis, but this study did not
explore coverage of antihypertensive or cholesterol-lowering
medication.14 The present study makes a substantial
contribution to the global diabetes literature by evaluating
coverage of comprehensive diabetes treatment in a much
larger sample of nationally representative country surveys
in LMICs than has previously been available.
Our study has limitations. First, we define diabetes
diagnosis based on a single diabetes biomarker, many of
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which are capillary glucose measurements. Single
measurements of capillary glucose are common in
high-quality pooled diabetes surveys19,34 although there
are concerns about diagnostic misclassification and the
need for conversion to plasma glucose.35 In our study,
misclassification could lead to both underdiagnosis and
overdiagnosis. Underdiagnosis can occur as a single
fasting glucose could fail to capture 30% or more of
people with undiagnosed diabetes who would be
detected using an oral glucose tolerance test.36–38
Conversely, overdiagnosis can occur as the short-term
variability of a single fasting glucose might inflate
diagnoses by as much as 30%.39,40 Second, variations in
diabetes clinical guidelines between countries might
account for some observed differences.41 Additionally, in
clinical practice, the decision to start or stop a
pharmacological treatment could be related to patients’
observed responses to non-pharmacological treatment.
For example, in patients with modestly elevated blood
glucose, clinicians might appropriately defer initiating
glucose-lowering treatment while first focusing on
lifestyle changes through counselling on diet, exercise,
and weight loss. Although we acknowledge these
nuances, we justify our outcomes as they are based on
population-monitoring indicators and clinical treatment
recommendations in WHO PEN, which is a widely cited
global reference standard for NCD management in
LMICs.6 Third, differences among surveys regarding the
year the survey was done, diabetes biomarker, age
sample, and how surveys implemented the same
question might account for some of the observed
variation and affect cross-country comparisons. Despite
these differences, to our knowledge, the included
surveys represent the best available population-level data
on diabetes treatment in LMICs. We include extensive
information on the underlying surveys in our
appendices, and we attempt to investigate these
differences through a suite of sensitivity analyses.
Fourth, as we define coverage using self-reported
measures, our estimates might be impacted by recall
bias or the potential for self-reports to overestimate
coverage.42 Fifth, the underlying surveys had incomplete
inclusion of each outcome, and, in particular, there was
an absence of non-pharmacological data from several
large countries, such as Bangladesh, India, and Mexico.
Similarly, due to unavailability of the relevant variables,
we were unable to pool data on the coverage of smoking
cessation counselling; this is a limitation as smoking is a
major contributor to CVD risk among people with
diabetes. Sixth, we do not consider the topic of diabetes
prevention or the role of new drugs such as SGLT2
inhibitors and GLP-1 receptor agonists, which reduce
mortality among diabetes patients at high CVD risk.43
These are active priority areas for future research within
our group. A final limitation is that our study focuses on
treatment coverage and does not assess the quality of
coverage or the adequacy of risk factor control. The

Lancet Global Health Commission44 on high quality
health systems advocates for the use of effective
coverage, a quality-corrected coverage metric, to
benchmark health system performance.44 Effective
coverage accounts not only for coverage but also for the
magnitude of health gain experienced by the individual
receiving the treatment.45 In cross-sectional data such as
that used in this study, it is very challenging to estimate
the health gains associated with treatment. Given
these challenges, we define our coverage outcome to
mirror the population-level monitoring indicators
recommended in WHO PEN, which are in turn based
on existing clinical evidence.6 In future research, we
plan to provide estimates of effective coverage of diabetes
treatment.
In conclusion, we found that fewer than one in ten
people with diabetes in LMICs receive coverage of
guideline-based comprehensive diabetes treatment. Our
findings suggest that delivering treatment not only to
lower glucose but also to manage CVD risk factors such
as hypertension and elevated cholesterol among people
with diabetes are urgent global priorities. Policy efforts to
achieve Sustainable Development Goal 3.4 should focus
on filling these gaps in global diabetes care.
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