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ABSTRACT

Objectives We investigated progression through the care
cascade and associated factors for people with diabetes in
sub-Saharan Africa to identify attrition stages that may be
most appropriate for targeted intervention.

Design Cross-sectional study.

Setting Community-based study in four sub-Saharan
African countries.

Participants 10 700 individuals, aged 40—60 years.
Primary and secondary outcome measures The
primary outcome measure was the diabetes cascade of
care defined as the age-adjusted diabetes prevalence
(self-report of diabetes, fasting plasma glucose (FPG)

>7 mmol/L or random plasma glucose >11.1 mmol/L)
and proportions of those who reported awareness of
having diabetes, ever having received treatment for
diabetes and those who achieved glycaemic control

(FPG <7.2 mmol/L). Secondary outcome measures were
factors associated with having diabetes and being aware
of the diagnosis.

Results Diabetes prevalence was 5.5% (95% Cl 4.4%

to 6.5%). Approximately half of those with diabetes were
aware (54%; 95% CI 50% to 58%); 73% (95% Cl 67% to
79%) of aware individuals reported ever having received
treatment. However, only 38% (95% Cl 30% to 46%) of
those ever having received treatment were adequately
controlled. Increasing age (OR 1.1; 95%Cl 1.0 to 1.1),
urban residence (OR 2.3; 95% Cl 1.6 to 3.5), hypertension
(OR 1.9; 95%Cl 1.5 to 2.4), family history of diabetes (OR
3.9; 95%Cl 3.0 to 5.1) and measures of central adiposity
were associated with higher odds of having diabetes.
Increasing age (OR 1.1; 95%Cl 1.0 to 1.1), semi-rural
residence (OR 2.5; 95% Cl 1.1 to 5.7), secondary education
(OR 2.4; 95%Cl 1.2 to 4.9), hypertension (OR 1.6; 95%Cl
1.0 to 2.4) and known HIV positivity (OR 2.3; 95%Cl 1.2 to
4.4) were associated with greater likelihood of awareness
of having diabetes.

Conclusions There is attrition at each stage of the
diabetes care cascade in sub-Saharan Africa. Public health
strategies should target improving diagnosis in high-risk
individuals and intensifying therapy in individuals treated
for diabetes.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We present harmonised primary data on the dia-
betes care cascade from multiple countries in sub-
Saharan Africa.

= Our study included over 10000 participants from
eastern, western and southern Africa.

= We did not perform glucose tolerance testing and
therefore may not have identified individuals who
met criteria for diabetes diagnosis only after a glu-
cose challenge.

= Glycaemic control was assessed using fasting plas-
ma glucose which provides a point evaluation and
may not be reflective of control over a longer period
of time.

INTRODUCTION

Diabetes prevalence in adults in sub-Saharan
Africa (SSA) is projected to increase from
23.6million in 2021 to 54.9million people
in 2045." Inadequate control of blood sugar
and other cardiovascular risk factors will
impose an unsustainable burden of diabetes-
related complications on already constrained
regional healthcare systems. Existing data
suggest that outcomes in individuals in SSA
with diabetes are currently suboptimal with
over 300000 diabetesrelated deaths before
the age of 60 years in 2021," highlighting the
need to improve clinical care. Optimisation
of diabetes management is contingent on
numerous factors including the diagnosis of
diabetes, appropriate escalation of therapy
and patient adherence to therapeutic inter-
ventions, but effective strategies to improve
diabetes management in SSA are hampered
by a lack of knowledge about the extent of the
deficiencies in this care continuum.
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The cascade of care model, frequently used to identify
deficits in HIV care, may be applied to diabetes to identify
opportunities for improved outcomes.*™* The elements
of the cascade, namely prevalence, awareness, treatment
and control reflect aspects of the healthcare system,
including effectiveness of prevention and detection strat-
egies and the ability to implement and escalate therapy as
necessary. On an individual level, diabetes awareness in
particular is key to the adherence to lifestyle modification
and medication that underpin glycaemic control. Evalu-
ation of the diabetes care cascade allows policymakers to
assess how well the healthcare system manages patients
with diabetes and to identify areas for targeted interven-
tions, particularly important in the resource-constrained
lower-income and middle-income countries of SSA.

Despite the benefits of establishing the diabetes care
cascade, there is a paucity of primary data on it in SSA.
Studies have often been limited to diabetes prevalence
and awareness and conducted in hospital-based popu-
lations, introducing selection bias, while multicountry
studies that have reported on the entire cascade have
meta-analysed data from heterogeneous studies with
methodological differences in determining each cascade
stage.”® We aimed to evaluate the diabetes cascade of care
in four SSA countries, using harmonised data collected
across six sites and performed exploratory analyses of the
cascade stratified by sex and study site. We further inves-
tigated factors associated with the likelihood of having
diabetes and being aware of a diagnosis of diabetes, the
first two steps in the cascade.

METHODS

Study setting and participants

The Genomic and Environmental Risk Factors for
Cardiometabolic Disease in Africans (AWI-Gen) study
and participating sites have been described in detail else-
where.’® In brief, 10700 individuals were recruited from
six sites in SSA in a community-based, cross-sectional
study conducted between August 2013 and August 2016.
Individuals were eligible for inclusion if they were aged
40-60 years and resided permanently in the study sites. We
excluded individuals who were pregnant and, given that
one of the broader objectives of the AWI-Gen study was
to investigate genomic determinants of cardiometabolic
disease, we also excluded individuals who were closely
related to an existing participant and who had recently
immigrated into the study site. We selected individuals
aged 40-60 years as this is a peak time for the develop-
ment of cardiometabolic disease. Three of the study sites
were in South Africa (Soweto, Agincourt and Dikgale),
one was in Kenya (Nairobi), one in Ghana (Navrongo)
and one in Burkina Faso (Nanoro). Participants were
therefore included from southern, eastern and western
Africa. The selected sites were also on a continuum
of urbanisation: Nairobi and Soweto were urban sites,
Agincourt and Dikgale were semi-rural and Nanoro and
Navrongo were rural.

With the exception of Soweto, each study site is home
to a health and socio-demographic surveillance system
(HDSS) which enumerates all residents within the
HDSS on a regular basis, ensuring a well-defined popu-
lation sampling frame. In Nairobi, Agincourt, Navrongo
and Nanoro, individuals were randomly sampled from
the sampling frame, while in Dikgale, a convenience
sampling strategy was employed. In Soweto, 700 women
who were participants in the Study of Women Entering an
Endocrine Transition study’ and caregivers of the Birth
to Twenty+ cohort® were recruited. Additional female
and all male participants were randomly recruited, using
a sampling frame which covered the Soweto region.
Where necessary, there was oversampling to ensure equal
numbers of women and men.

Patient and public involvement

Prior to the initiation of the AWI-Gen study, an exten-
sive process of community engagement was conducted.
This included meetings with civic and traditional lead-
ership structures, household visits and group informa-
tion sessions to discuss planned research activities. Study
results were delivered annually to study participants,
communities and community leaders.

Data collection and definitions

Data were collected by study staff trained on standardised
protocols. Socio-demographic data and personal and
family medical history were self-reported. Additionally,
individuals were considered to have hypertension if the
mean systolic blood pressure of the latter two of three
readings at the study visit 2140mm Hg or the mean
diastolic pressure >90mm Hg (Omron M6, Omron,
Kyoto, Japan).’ Individuals were classified as HIV posi-
tive if they reported a previous diagnosis of HIV or if they
tested positive on the rapid HIV tests that were offered
to participants in South Africa and Kenya (MD HIV 1/2
test (Medical Diagnostech, Cape Town, South Africa);
One Step anti-HIV1+2 rapid screen test (InTec, Xiamen,
China); Determine rapid test kit (Abbott Pharmaceuti-
cals, Chicago, USA)). Rapid HIV tests were not offered
in Ghana and Burkina Faso due to the low prevalence of
HIV in those countries; individuals in these sites who did
not know their HIV status were classified as HIV negative.
Physical activity was assessed using the Global Physical
Activity Questionnaire and occupational, leisure time and
travel-related physical activity variables from this question-
naire were summed to give the total moderate-vigorous
intensity physical activity (MVPA) in minutes per week.
Individuals were classified as having no MVPA (0O min/
week), insufficient MVPA (1-150 min/week) or sufficient
MVPA (2150 min/week).'”

Standing height was measured with the participant
barefoot or in light socks, using a Harpenden digital stadi-
ometer (Holtain, Wales, UK). Weight was measured with
the participant in light clothing, using a digital Physician
Large Dial 200 kg capacity scale (Kendon Medical, South
Africa) and body mass index was calculated as weight in
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kg divided by height in metres squared. Using a stretch-
resistant measuring tape (SECA, Hamburg, Germany),
hip circumference, as a measure of gluteofemoral fat,
was measured around the most protruding part of the
buttocks.

Visceral and subcutaneous adipose tissue, direct
measures of central adiposity associated with insulin
resistance, were measured using abdominal ultra-
sound (LOGIQ e ultrasound system (GE HealthCare,
Connecticut, USA)). Study staff from all sites were
centrally trained in Johannesburg, South Africa to
perform the abdominal ultrasounds. Visceral adipose
thickness was determined by the thickness of the fat pad
between the anterior spine and peritoneal layer at end
expiration, while subcutaneous adipose thickness was the
thickness of the fat pad between the skin and the outer
edge of the linea alba.

Venous blood was collected at study visits in potassium
oxalate/sodium fluoride tubes and centrifuged immedi-
ately after collection, with the supernatant plasma stored
at —80°C until analysis, according to a detailed sample
processing protocol provided to all sites. Analyses for
glucose were all performed at a central site, using colo-
rimetric methods, on the Randox Plus clinical chemistry
analyser (Randox, UK) with a range of 0.36-35mmol/L
and coefficient of variation <2.3%.

Diabetes was defined as a previous diagnosis of diabetes
by a healthcare provider (which could include a doctor,
nurse, community health worker or similar person), ever
having received treatment for diabetes, or fasting plasma
glucose (FPG) 27mmol/L or random plasma glucose
>11.1mmol/L'" ' on the sample taken during the study
visit. Samples were considered random if a participant
had not fasted overnight or fasting status could not be
confirmed. Participants were considered to be aware of
a diagnosis of diabetes if they reported ever having been
told by a healthcare provider that they had diabetes and
were considered to have been treated for diabetes if they
reported ever having received treatment for diabetes
(dietary advice and/or glucose lowering agents) from
a healthcare provider. Individuals were considered to
have their diabetes controlled if fasting glucose was
<7.2mmol/L."

Statistical analysis

Categorical participant characteristics of marital status,
highest level of education, current smoking, known
hypertension, known HIV positivity, family history of
diabetes and physical activity category were described
using frequencies and percentages, while medians and
IQRs were used to describe continuous characteristics of
age, body mass index, hip circumference, visceral fat and
subcutaneous fat. The Mann-Whitney U, y* and Fisher’s
exact tests were used to compare continuous and categor-
ical variables, respectively, between groups defined by sex
to investigate sex-related differences in potential deter-
minants and groups defined by data missingness status to
evaluate for bias between those who were included and

those who were excluded from the analysis due to missing
data.

Age-adjusted diabetes prevalence was determined
using the United Nations African population distribu-
tion" as the reference population structure. The propor-
tion of those aware of having diabetes was calculated as
a percentage of those with diabetes and similarly, the
proportion of those ever receiving treatment for diabetes
was calculated as a percentage of those aware of having
diabetes. The proportion of those who had their diabetes
controlled was calculated as a percentage of those who
reported ever receiving treatment. The method for
interval estimation described by Tiwari et al'* was used
to determine the 95% CIs. The Soweto site was excluded
from the latter two stages of the cascade as the ‘ever
receiving treatment’ variable was not collected.

Multivariable logistic regression was used to assess the
relationship between the odds of having diabetes and socio-
demographic and clinical characteristics including urba-
nicity. Independent variables for inclusion in the logistic
regression were selected based on previous research.'”'°
The Soweto site did not collect data on family history of
diabetes and was therefore not included in this model,
as family history of diabetes has been demonstrated in
other settings to be strongly associated with higher odds
of having the condition. Additional multivariable logistic
regression models were also fit, using data from all sites,
to investigate associations with awareness of a diagnosis
of diabetes. In the model investigating associations with
odds of having diabetes, we included visceral and subcu-
taneous fat as direct assessments of central obesity and
hip circumference as a measure of gluteofemoral fat. In
the model investigating associations with awareness, we
used body mass index as the measure of obesity as we
thought awareness was more likely to be associated with
a global assessment of obesity rather than individual fat
depots. We were underpowered to assess associations with
diabetes treatment and control.

Sensitivity analyses were conducted in which associa-
tions with having diabetes and awareness of a diagnosis of
diabetes were explored in analyses stratified by HIV prev-
alence, with the South African sites and Nairobi classified
as high prevalence sites and Navrongo and Nanoro classi-
fied as low prevalence sites.

Missing data were handled using pairwise deletion.
Analyses were conducted using Stata V.16 (StataCorp,
USA).

RESULTS

Sample characteristics

The characteristics of the 10700 study participants are
shown in online supplemental table S1. There were
5892women (55%), with a median age of 50 years (IQR
45-55). There was some intersite variation in socio-
demographic variables—while most participants in the
urban and semi-rural sites had some formal education,
between 70% and 80% of participants in the rural sites
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613 (5.5% [4.4-6.5])
328 (54% [50-58])

Overall
152 (73% [67-79])
58 (38% [30-46))
375 (6.1% [4.7-7.8])
198 (53% [48-58])
Women
102 (79% [71-86])
39 (38% [29-48])
238 (4.9% [3.4-6.8])
130 (55% [48—-81])
Men

50 (63% [52—-74])
19 (38% [25-53])

T T T T
0 200 400 600 800
Number of peopk
_ Diabetes present I A vare of having diabetes
_ Receiving treatment for diabetes I Diabetes controlled
Figure 1 Diabetes cascade of care in six sub-Saharan African countries, overall and stratified by gender. Estimates given
as counts and proportions with 95% Cls and proportions calculated as percentages of eligible individuals in previous stage.

Estimates for ever receiving treatment and achieving glycaemic control (calculated as percentage of those who ever received
treatment) exclude Soweto as the treatment variable was not collected at that site. Data on diabetes control were missing for a

further 17 participants.

did not. Smoking prevalence ranged between 6% and
30% overall, with prevalence several fold higher in men
than in women in all sites. There was a high prevalence
of chronic disease with 3755 (37%) participants having
hypertension and 1310 (12%) known as being HIV
positive, although intersite variation was evident, with
HIV prevalence being low, for example, in Nanoro and
Navrongo. Family history of diabetes was highest in the
urban and semi-rural areas. Anthropometric measures of
obesity and subcutaneous fat were higher in women in
urban and semi-urban areas, while there were no clear
sex differences in Nanoro or Navrongo. Visceral fat was
generally similar in both sexes. The majority of individuals
(82%) were undertaking at least 150 min of moderate-to-
vigorous physical activity weekly.

Missing outcome data

No participants had missing data on the diabetes status
outcome, while 31 individuals had missing data on the
awareness outcome and were slightly older (median age
54 vs 52 years; p=0.04), less likely to be employed (32 vs
64%; p<0.01) and had a different marital status distribu-
tion (p<0.01) than those who were not missing these data.

Diabetes cascade of care

The diabetes cascade of care is shown in figure 1. The
age-adjusted prevalence of diabetes in study participants
was 5.5% (95% CI 4.4% to 6.5%) and was significantly
higher in women (6.1% vs 4.9%; p<0.01). Prevalence
varied by site, with highest prevalence in the urban site

of Soweto (9.0%; 95% CI 7.8% to 10%) and the lowest
in rural Navrongo (1.3%; 95% CI 0.7% to 1.9%) (online
supplemental table S2). Diabetes prevalence was higher
in women than men in Soweto and Nairobi (Soweto: 12%
vs 6.3%, p<0.01; Nairobi: 9.1% vs 4.1%, p<0.01) while in
Nanoro, the prevalence was higher in men (1.8% vs 4.7%,
p<0.01).

Overall, just over half of the 613 individuals with
diabetes were aware of their condition (54%; 95% CI
50% to 58%), with the highest awareness in Navrongo
(65%; 95% CI 43% to 84%) and the lowest in Nanoro
(25%; 95% CI 16% to 37%), although CIs across the
sites were wide and overlapping. Nearly 75% of individ-
uals aware of having diabetes reported ever receiving
treatment, but only 38% (95% CI 30% to 46%) were
adequately controlled. More women reported ever
being treated for diabetes (p=0.01), but there were
no sex differences in participants achieving control
(p=0.98).

In logistic regression models, increasing age (OR 1.1;
95% CI 1.0 to 1.1; p<0.01) and urban residence (OR 2.3;
95%CI 1.6 to 3.5; p<0.01) were associated with higher
odds of having diabetes (table 1). Hypertension was also
associated with having diabetes (OR 1.9; 95%CI 1.5 to
2.4; p<0.01), as was family history of diabetes (OR 3.9;
95% CI 3.0 to 5.1; p<0.01); conversely, known HIV posi-
tivity was associated with lower odds of diabetes (OR 0.6;
95% CI 0.4 to 0.9; p<0.01). Visceral and subcutaneous fat
were also associated with higher odds, while there was
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Table 1 Factors associated with odds of having diabetes in
five sub-Saharan African sites (Agincourt, Dikgale, Nairobi,
Nanoro and Navrongo)*

OR 95% ClI P value

Age 1.1 1.0to 1.1 <0.01
Sex

Women Reference

Men 1.1 0.8t0 1.5 0.65
Location

Rural Reference

Semi-rural 1.5 1.0t0 2.3 0.08

Urban 2.3 1.6t0 3.5 <0.01
Marital status

Currently married or Reference

cohabitating

Never married or 1.4 0.9t0 2.0 0.15

cohabitating

Previously married 1.0 0.8t0 1.3 0.99
Educational attainment

No formal education Reference

Primary education 1.2 09to 1.7 0.29

Secondary education 1.0 0.7to 1.5 0.84

Tertiary education 1.4 0.7t0 2.6 0.37
Employment status

Unemployed Reference

Employed 11 0.8to 1.5 0.48
Smoking status

No history of smoking Reference

Current smoker 0.7 0.4to1.1 0.15
History of hypertension

No Reference

Yes 1.9 1.5t02.4 <0.01
Known HIV positivity

No Reference

Yes 0.6 0.4t0 0.9 0.01
Family history of diabetes

No Reference

Yes 3.9 3.0to 5.1 <0.01
Physical activity categories

Absent Reference

Insufficient 0.9 0.5t0 1.5 0.61

Sufficient 0.7 0.5t01.0 0.08

Hip circumference 1.0 1.0to 1.0 0.04

Visceral fat 1.2 1.1t01.2 <0.01

Subcutaneous fat 1.3 11to1.4 <0.01

*7425 participants were included in the analysis. Participants from the Soweto
site were excluded as data on family history were not collected. Age was
entered as a continuous variable.

a marginal negative association with hip circumference
(table 1).

Similar associations were evident in sensitivity anal-
yses restricted to sites with high HIV prevalence (online

supplemental table S3). However, only family history
remained significantly associated with diabetes in low
HIV prevalence settings, although previously unobserved
associations with male sex and physical activity emerged
(online supplemental table S4). These analyses were
however limited by the low prevalence of diabetes in these
settings which meant they were underpowered.

Increasing age (OR1.1;95% CI 1.0 to 1.1; p=0.02), semi-
rural environment (OR 2.5;95% CI 1.1 to 5.7; p=0.02) and
secondary education (OR 2.4; 95% CI 1.2 to 4.9; p=0.02)
were all associated with greater likelihood of awareness
of diabetes, as were the chronic conditions of hyperten-
sion (OR 1.6; 95% CI 1.0 to 2.4; p=0.04) and known HIV
positivity (OR 2.3; 95% CI 1.2 to 4.4; p=0.02) (table 2).
In sensitivity analyses in high HIV prevalence sites, only
hypertension and known HIV positivity remained asso-
ciated with higher awareness of diabetes (online supple-
mental table S5). The sample size in low HIV prevalence
sites was too small to perform meaningful analyses.

DISCUSSION

In this multicountry study of the diabetes care cascade in
SSA, we demonstrate attrition at each stage of the cascade
with just over half of those with diabetes being aware of
their condition and only approximately one-third of those
who reported ever receiving treatment achieving optimal
glycaemic control. We also report socio-demographic and
clinical factors associated with increased odds of having
diabetes including older age, urban residence and having
hypertension and factors associated with awareness of
having diabetes which included increasing age, semi-rural
environment, secondary education and having hyperten-
sion or known HIV positivity.

Our prevalence estimate of 5.5% is similar to the 2019
International Diabetes Federation (IDF) estimate for SSA
of 4.7% in adults aged 20-79 years.! A subregional meta-
analysis from western Africa revealed a lower prevalence
(4.0% in urban adults and 2.6% in rural adults),"” in
keeping with our study where prevalence in the western
African sites was two to three times lower than in the
Southern and eastern African sites. Factors in our study
associated with higher odds of having diabetes, such as
increasing age and urban residence, have been previously
reported, with the western African meta-analysis reporting
over a threefold increase in prevalence in people over 50
yeaurs17 and Werfalli e al reporting a prevalence of 20% in
people living in urban areas versus 7.9% in those in rural
areas.'® Our findings of associations with family history of
diabetes, hypertension and adiposity support results from
other country-level meta-analyses in Africa.'? * We also
noted lower odds of having diabetes in individuals with
known HIV in keeping with other studies that have iden-
tified lower prevalence of cardiometabolic risk factors in
individuals with HIV in SSA.*! **

While our estimate of the prevalence of diabetes
unawareness of 47% was broadly similar to the 2019 IDF
estimate of the prevalence of undiagnosed diabetes of
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Table 2 Factors associated with awareness of diabetes in
six sub-Saharan African sites (Agincourt, Dikgale, Nairobi,
Nanoro, Navrongo and Soweto)*

OR 95% CI

P value

Age 1.0 1.0to 1.1 0.02
Sex

Women Reference

Men 1.1 0.7t0 1.8 0.59
Location

Rural Reference

Semi-rural 25 1.1to5.7 0.02

Urban 1.5 0.7 to 3.1 0.34

Marital status

Currently married or Reference
cohabitating

Never married or 0.9 0.4t02.0 0.84

cohabitating
Previously married 1.0 0.6to 1.7 0.86

Educational
attainment

No formal education Reference
0.9to0 3.5 0.09
1.2t04.9 0.02

Primary education 1.8

Secondary 2.4

education
Tertiary education 2.1 0.7 to 6.1 0.17

Employment status

Unemployed Reference

Employed 0.8 0.5t01.3 0.45
History of
hypertension

No

Yes 1.6 1.0to 2.4 0.04
Known HIV positivity

No Reference

Yes 23 1.2t04.4 0.02

Body mass index 1.0 1.0to 1.0 0.97

*Four hundred and seventy-two participants were included in the
analysis. Age and body mass index were entered as continuous
variables.

60% in SSA," it did contrast sharply with other studies. A
meta-analysis of 23 studies from across Africa estimated a
much lower pooled prevalence of undiagnosed diabetes
of just under 4%.% There was however significant hetero-
geneity in the included studies and the majority of the
data originated from a single country, which may not
be representative of other countries in the region. This
itself differed considerably from data from 12 nationally
representative surveys in SSA in which 73% of those with
diabetes were unaware of their condition, with factors
similar to our study, namely older age and higher level of

3

educational attainment, associated with awareness.?! Our
findings also suggest that those with chronic diseases such
as HIV and hypertension may be more aware of having
diabetes, which may be due to increased contact with the
healthcare system.*’

In a study reporting data from 15 SSA countries, approx-
imately 40% of adults with diabetes received glucose-
lowering medication, while approximately 25% received
counselling on diet, exercise or weight loss.” These
proportions are lower than ours which may be due to the
difference in denominators—we used a denominator of
individuals aware of having diabetes rather than all those
with diabetes. In another study reporting data from 12 SSA
countries, just over 30% of those with diabetes were aware
of their condition, with a similar percentage ever having
received lifestyle advice or currently receiving diabetes
medication and just over 20% achieving control.” While
this study also used a fixed denominator of the number of
people with diabetes, the results support our finding that
there is not a major fall-off between the stages of aware-
ness and treatment and the most significant deficits are
at the stages of awareness of having diabetes, that is, diag-
nosis and achieving glycaemic control. Of note, this study
used a more liberal definition of glycaemic control than
our study (FPG <10.1mmol/L or glycosylated haemo-
globin (HbA, ) <8% in the single study in which it was
available) and may have identified a more drastic control
deficit if a threshold for glycaemic control similar to ours
had been used. A country-level meta-analysis of 22 studies
from Ethiopia suggested a similar degree of glycaemic
control as our study, with approximately one-third of
those included achieving glycaemic targets, regardless of
whether these were assessed using FPG or HbAl(_.26

We describe, to our knowledge, the first study in SSA
in which harmonised primary data on the diabetes care
cascade have been collected from multiple countries.
Previous multicountry research in SSA on this subject
has relied on systematic reviews and meta-analyses and
has therefore been limited by the methodological hetero-
geneity of the constituent studies, including the use of
different biomarkers to define diabetes. In our work, data
were collected in a standardised manner and in addition
to self-report, we used venous blood samples, analysed at
a single laboratory, to ascertain biochemical evidence of
diabetes. Our study also included over 10000 men and
women from three subregions of SSA.

Our study does have limitations. We did not distin-
guish between type 1 and type 2 diabetes and the care
cascade and associated factors may differ between these
two conditions. While we used accepted and convenient
diagnostic criteria for diabetes, we may have underes-
timated the prevalence of diabetes as we did not assess
glucose tolerance and may therefore have excluded those
who met the criteria for diabetes only after a glucose chal-
lenge, which may be particularly important in popula-
tions of African descent. Both oral glucose tolerance tests
and HbA , appear to classify more African-ancestry indi-
viduals as having diabetes than FPG alone?” * and use of
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either of these criteria may have increased diabetes preva-
lence in our study. Our research was conducted in HDSS
sites and among a research cohort in Soweto, populations
which may not be nationally representative. Indeed, indi-
viduals in these sites may have been told they had diabetes
while taking part in previous studies, making the propor-
tion of individuals with diabetes who know they have the
condition higher than in the general population. We also
used self-report rather than clinical records to determine
ever receiving diabetes treatment. FPG was used to assess
diabetes control and this provides an evaluation only at
a single point in time and may be subject to more analyt-
ical variability than HbA, , which has largely supplanted
it in clinical use in well-resourced environments. Several
large scale epidemiological studies have however used
plasma glucose measures to assess glycaemic control.”
We collected data for this study between 2013 and 2016
and it is conceivable that some of the parameters in the
cascade may have changed during or since that time.

Despite these limitations, our study provides valuable
information on the burden of diabetes in SSA and the
deficiencies which need to be addressed to improve
outcomes. In areas where diabetes prevalence is low,
primordial prevention strategies should be employed to
reduce the likelihood of developing risk factors such as
obesity, with particular focus on higher risk urban envi-
ronments. Screening of atrisk populations needs to be
enhanced and the low percentage of individuals attaining
satisfactory glycaemic control suggests that more aggres-
sive, treat to target strategies need to be promoted among
healthcare workers, although we acknowledge this may be
limited by drug availability in many parts of the continent.

Additional work is necessary to understand whether
our findings are applicable to other SSA countries and
subregions at different stages of the epidemiological
transition and with variable access to healthcare. It is
also essential to understand key determinants of ever
receiving diabetes treatment and control, which we were
underpowered to investigate, and care cascades for other
important vascular risk factors in people with diabetes,
such as elevated blood pressure and dyslipidaemia. Iden-
tification of the points in each of these care cascades at
which significant attrition is occurring will assist public
health officials in developing appropriate interventions
to reduce diabetes-related morbidity and mortality.
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