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ABSTRACT

Introduction We undertook phenotypic characterization
of early-onset and late-onset type 2 diabetes (T2D) in
adult black African and white European populations with
recently diagnosed T2D to explore ethnic differences in the
manifestation of early-onset T2D.

Research design and methods Using the Uganda
Diabetes Phenotype study cohort of 500 adult Ugandans
and the UK StartRight study cohort of 714 white Europeans
with recently diagnosed islet autoantibody-negative T2D,
we compared the phenotypic characteristics of participants
with early-onset T2D (diagnosed at <40 years) and late-
onset T2D (diagnosed at >40 years).

Results One hundred and thirty-four adult Ugandans and
113 white Europeans had early-onset T2D. Compared

with late-onset T2D, early-onset T2D in white Europeans
was significantly associated with a female predominance
(52.2% vs 39.1%, p=0.01), increased body mass

index (mean (95% Cl) 36.7 (35.2—38.1) kg/m? vs 33.0
(32.4-33.6)kg/m?, p<0.001), waist circumference (112.4
(109.1-115.6)cm vs 108.8 (107.6-110.1) cm, p=0.06),
and a higher frequency of obesity (82.3% vs 63.4%,
p<0.001). No difference was seen with the post-meal
C-peptide levels as a marker of beta-cell function (mean
(95% Cl) 2130.94 (1905.12—2356.76) pmol/L vs 2039.72
(1956.52-2122.92), p=0.62).

In contrast, early-onset T2D in Ugandans was associated
with less adiposity (mean (95% Cl) waist circumference
93.1 (89.9-96.3)cm vs 97.4 (95.9-98.8) cm, p=0.006)
and a greater degree of beta-cell dysfunction (120 min
post-glucose load C-peptide mean (95% Cl) level

896.08 (780.91-1011.24) pmol/L vs 1310.10 (1179.24—
1440.95) pmol/L, p<0.001), without female predominance
(53.0% vs 57.9%, p=0.32) and differences in the body
mass index (mean (95% Cl) 27.3 (26.2-28.4) kg/m? vs 27.9
(27.3-28.5)kg/m?, p=0.29).

Conclusions These differences in the manifestation of
early-onset T2D underscore the need for ethnic-specific
and population-specific therapeutic and preventive
approaches for the condition.

INTRODUCTION

Globally, the burden of early-onset type 2
diabetes (T2D), defined as T2D diagnosed
at <40 years, is rapidly increasing.! * Most
of this evidence has been derived from
Asian and white populations of European
ancestry.”® Data from these populations,
particularly in high-income countries, have

WHAT IS ALREADY KNOWN ON THIS TOPIC?

= Globally, the burden of early-onset type 2 diabetes
(T2D) is rapidly increasing.

= Evidence from studies conducted in Asians and
white populations of European ancestry has shown
that early-onset T2D is characterized by a female
preponderance, increased obesity, rapid decline
in beta-cell function, and a high prevalence of
diabetes-related complications.

WHAT THIS STUDY ADDS?

= Striking differences in the manifestation of early-
onset T2D between adult black Africans and white
Europeans with recently diagnosed T2D exist.

= Early-onset T2D in adult white populations of
European ancestry was characterized by female
predominance and increased adiposity. In contrast,
less adiposity, lower pancreatic beta-cell function,
and the absence of female predominance were ob-
served in adult Ugandans with early-onset T2D.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY?
= Because of these findings, the preventive and thera-

peutic strategies for early-onset T2D should be indi-
vidualized to ethnicity and population.

shown that compared with late-onset T2D,
early-onset T2D is characterized by a female
preponderance, increased obesity, rapid
decline in the beta-cell function (reflecting
an aggressive phenotype), and a high preva-
lence of diabetes-related complications.” **
The condition is thought to develop due to
a close interplay between genetics and envi-
ronmental factors, with adiposity and genetic
susceptibility as key features driving the early
development of this condition.” "’

In contrast, evidence on the clinical and
genetic profile of early-onset T2D in adult
black African populations is limited."* ' We
also lack rigorous studies comparing the
phenotypic characteristics of early-onset
T2D (where islet-cell autoimmunity has been
excluded) in black adult Africans and white
populations of European ancestry. To address
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this gap, we compared the demographic, clinical, anthro-
pometric, and metabolic characteristics of adult Ugandans
and white Europeans with early-onset T2D (diagnosed at
<40 years) and late-onset T2D (diagnosed at 240 years)
recruited in the Uganda Diabetes Phenotype (UDIP) and
the United Kingdom StartRight studies, respectively, with
an overarching aim of exploring whether differences in
the manifestation of early-onset T2D exist between these
two distinct populations.

METHODS

The participants in this study were recruited from the
UDIP and StartRight studies conducted in Uganda and
the UK, respectively. The UDIP study aimed to undertake
rigorous phenotypic characterization of 568 adult Ugan-
dans (aged >18 years) with recently diagnosed diabetes
(diabetes diagnosed in the preceding 3months). The
study participants were recruited from February 2019
to October 2020 from the adult diabetes outpatient
clinics of seven public and faith-based private not-for-
profit secondary hospitals in Central and Southwestern
Uganda. All pregnant women with recently diagnosed
diabetes were excluded from the study.

The StartRight study was a prospective multi-center
study conducted across 55 sites in the UK that aimed to
provide robust clinical evidence on accurate classification
of diabetes at the time of diagnosis and early identifica-
tion of patients who will rapidly require insulin treatment
(https://www.clinicaltrials.gov/study/NCT02287506).
The study recruited 1802 participants aged =18 years
with a diagnosis of diabetes made within the previous
12 months. Participants with gestational and secondary
diabetes were excluded from the study. The StartRight
study was enriched for late-onset type 1 diabetes (T1D)
by aiming for equal recruitment of those receiving and
not receiving insulin therapy in those with diabetes onset
after 50 years. For our analysis, we considered only indi-
viduals of white ancestry with a clinical diagnosis of T2D
and confirmed negative islet autoantibody status.

Assessment of the phenotypic characteristics of interest
Regarding the UDIP study, information on the demo-
graphic (age, sex, and residence) and clinical (family
history of diabetes and history of co-existing hyperten-
sion) characteristics of interest was collected from each
study participant. Following this, resting blood pressure
(systolic and diastolic) and anthropometric measure-
ments (weight, height, waist circumference (WC), hip
circumference (HC), BMI, waist: hip ratio (WHR)) were
recorded.

A fasting venous blood sample was then drawn for
the measurement of glycated hemoglobin (HbAlc),
lipid profile, C-peptide, and three islet autoantibodies
(glutamic acid decarboxylase-65 or GADA, tyrosine phos-
phatase or IA-2A, and zinc transporter 8 or ZnT8-A). All
participants were subjected to a 75 g oral glucose tolerance
test to measure the 120 min C-peptide concentrations. All

the above tests were carried out at the Medical Research
Council/Uganda Virus Research Institute and London
School of Hygiene and Tropical Medicine Uganda
Research Unit, Entebbe Uganda.

For the StartRight study, demographic and clinical
information was collected at the recruitment visit with an
assessment of height, weight, WC, and HC measurements
to calculate the BMI and WHR. This was followed by the
collection of a nonfasted (within 1-bhours post-meal)
blood sample for DNA extraction and measurement
of C-peptide, glucose, HbAlc, and islet autoantibodies
(GADA, TA-2A, and ZnT8A) concentrations. These tests
were performed at the academic Blood Sciences Depart-
ment at the Royal Devon and Exeter Hospital, Exeter,
UK.

Assessment of T1D and T2D Genetic Risk Score

In addition to screening for the three islet autoanti-
bodies, we calculated T1D and T2D Genetic Risk Scores
(GRS). The T1D GRS was calculated based on the 67
single nucleotide polymorphisms (SNPs) reported to be
associated with T1D, as described by Sharp et al'® The
T2D GRS was calculated using T2D-associated SNPs from
a European population,17 which was shown to effectively
predict T2D across racial/ethnic groups.18

Definition of the study outcomes

Early-onset and late-onset T2D were defined as T2D
diagnosed at <40 years and >40 years, respectively, with
confirmed islet autoantibody-negative status in both
populations. Ugandan participants were considered to
be islet autoantibody negative if the GADA, IA-2A, and
7ZnT8-A concentrations were <34 U/mL, <58 U/mL, and
<67.7U/mL, respectively, based on the 97.5th centile of
600 adult rural Ugandans without diabetes.

Islet autoantibody-negative status was considered in
the white European participants if the GADA and IA-2A
concentrations were <11 U/mL and <7.5U/mL, respec-
tively. Cut-offs of <65U/mL and <10U/mL were used
for the ZnT8-A concentration in participants aged <30
years and =30 years, respectively.19 These cut-offs repre-
sented the 297.5th percentile of 1559 British participants
without diabetes.

Obesity was defined based on the traditional WHO cut-
off of >30kg/m**

Statistical analysis

The demographic, clinical, anthropometric, and meta-
bolic characteristics of the participants with early-onset
and late-onset T2D were analyzed using Fisher’s exact test
for categorical data and two-sided Wilcoxon rank-sum
tests for continuous data, with the exception of T1D and
T2D GRS, which were analyzed using two-sample t-tests.
The categorical and continuous variables were expressed
as proportions and mean with 95% ClIs, respectively. All
analyses were performed using STATA statistical software
V.15 (StataCorp).
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Table 1 Overall characteristics of the adult white Europeans and black Ugandans with recently diagnosed T2D

Adult white European participants with Adult black Ugandan participants with

Characteristics recently diagnosed T2D (n=714) recently diagnosed T2D (nh=500) P value
Age at diagnosis (years) 51.2 (560.2-52.2) 48.4 (47.2-49.5) <0.001
Female, n (%) 294 (41.2) 283 (56.6) <0.001
Parental history of diabetes, n (%) 318 (44.5) 191 (38.2) <0.001
Co-existing hypertension, n (%) 268 (37.5) 171 (35.0) 0.25
Systolic blood pressure, mm Hg 134.4 (133.1-135.7) 126.8 (125.2-128.0) <0.001
Diastolic blood pressure, mm Hg 81.0 (80.2-81.8) 84.1 (83.1-85.0) <0.001
Body mass index, kg/m? 33.6 (33.0-34.2) 27.7 (27.2-28.2) <0.001
Body mass index >30kg/m?, n (%) 474 (66.4) 171 (34.2) <0.001
Waist circumference, cm 109.4 (108.2-110.6) 96.3 (94.9-97.6) <0.001
Hip circumference, cm 113.6 (112.5-114.6) 104.2 (102.3-106.1) <0.001
Waist: hip ratio 0.96 (0.96-0.97) 0.92 (0.91-0.93) <0.001
Total cholesterol, mmol/L 5.20 (5.05-5.35) 4.17 (4.05-4.29) <0.001
HDLC, mmol/L 1.18 (1.13-1.24) 0.95 (0.74-1.20) <0.001
LDLC, mmol/L 2.95 (2.83-3.06) 2.71 (2.61-2.81) 0.001
TGL, mmol/L 3.40 (2.88-3.93) 1.59 (1.50-1.67) <0.001
HbA1c, mmol/mol 73.2 (71.2-75.2) 88.2 (85.0-91.3) <0.001
HbA1c, % 8.8 (8.7-9) 10.2 (9.9-10.5) <0.001
Random/120 min post-OGTT 2054.16 (1975.73-2132.58) 1197.79 (1096.34-1299.25) <0.001

C-peptide, pmol/L

GRS, Genetic Risk Score; HbA1c, glycated hemoglobin; HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein
cholesterol; OGTT, oral glucose tolerance test; T1D, type 1 diabetes; T2D, type 2 diabetes.

RESULTS

Characteristics of the white European and Ugandan
participants with islet autoantibody-negative T2D

The overall characteristics of the white European and
Ugandan participants with islet autoantibody-negative
T2D are summarized in table 1.

Compared with the white European participants,
adult Ugandans with islet autoantibody-negative T2D
were younger (mean (95% CI) 48.4 (47.2-49.5) years vs
51.2 (50.2-52.2) years) with lower markers of adiposity
(mean (95% CI) BMI of 27.7 (27.2-28.2) kg/m” vs 33.6
(33.0-34.2) kg/m* and BMI>30kg/m?, 34.2% vs 66.4%).
Additionally, Ugandan participants had a higher HbAlc
(mean (95%CI) HbAlc 88.2 (85.0-91.3) mmol/mol
vs 73.2 (71.2-75.2) mmol/mol) and lower pancreatic
beta-cell function (mean (95% CI) post-meal or 120 min
post-glucose load C-peptide 1197.79 (1096.34-1299.25)
pmol/L vs 2054.16 (1975.73-2132.58) pmol/L) at the

time of recruitment.

In white Europeans, early-onset T2D is strongly associated
with a female predominance and markers of obesity
The characteristics of the adult white European and
Ugandan participants with early-onset and late-onset
T2D are shown in table 2, online supplemental table
land figure 1.

Of the 500 Ugandan and 714 white European partic-
ipants enrolled in the UDIP and UK StartRight studies

with autoantibody-negative T2D, 134 (26.8%) and 113
(15.8%) had early-onset T2D, respectively.

Compared with late-onset T2D, early-onset T2D in the
white European participants was significantly associated
with a female predominance (52.2% vs 39.1%, p=0.01),
increased BMI (mean (95% CI) 36.7 (.‘35.2—?)8.1)kg/m2
vs 33.0 (82.4-33.6) kg/m®, p<0.001), WC (112.4 (109.1-
115.6) cm vs 108.8 (107.6-110.1) cm, p=0.06), and a
higher frequency of obesity (82.3% vs 63.4%, p<0.001).

Conversely, compared with those with late-onset T2D,
Ugandan participants with early-onset T2D had lower
markers of adiposity (mean (95% CI) WC 93.1 (89.9-
96.3) cm vs 97.4 (95.9-98.8), p=0.006). No differences
were noted in the proportion of females (53.0% vs 57.9%,
p=0.32), frequency of obesity (32.6% vs 35.2%, p=0.48),
and BMI levels (mean (95% CI) 27.3 (26.2-28.4) kg/m2
vs 27.9 (27.3-28.5) kg/m?) in Ugandan participants with
early-onset and late-onset T2D.

Early-onset T2D in Ugandans is associated with marked
hyperglycemia and pancreatic beta-cell failure

Ugandan participants with early-onset T2D had a
greater degree of hyperglycemia (mean (95% CI)
HbAlc: 96.3 (89.7-102.9) mmol/mol vs 85.3 (81.7-
88.8) mmol/mol, p=0.004) and pancreatic beta-cell
dysfunction (mean (95% CI) 120min post-glucose
load C-peptide level: 896.08 (780.91-1011.24) pmol/L
vs 1310.10 (1179.24-1440.95) pmol/L, p<0.001) at
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the time of recruitment. In contrast, the post-meal
C-peptide levels did not differ in the white European
participants with early-onset and late-onset T2D (mean
(95% CI): 2130.94 (1905.12-2356.76) pmol/L vs
2039.72 (1956.52-2122.92) pmol/L, p=0.62).

Genetic risk score of the adult Ugandan and white European
participants with early-onset T2D

Ugandan participants with early-onset T2D had a
higher T2D GRS when compared with those with late-
onset T2D (11.28 (11.21-11.34) vs 11.22 (11.18-11.25),
p=0.09).

Similarly, compared with those with late-onset T2D,
white European participants with early-onset T2D also
had a higher T2D GRS (11.25 (11.19-11.31) vs 11.20
(11.17-11.22), p=0.08), although the differences in
both cohorts were not statistically significant.

CONCLUSIONS
To our knowledge, this is the first study to rigorously
investigate the manifestation of early-onset and late-
onset T2D in an adult black African population and to
make comparisons with a white European population.
We demonstrate striking differences in presentation
between these two populations, where, in contrast to the
white European cohort, early-onset T2D in adult Ugan-
dans is likely to be seen more in patients without obesity
(and other features of the metabolic syndrome) and is
associated with marked pancreatic beta-cell dysfunction.
The association between obesity and early-onset T2D in
white European populations has been well documented
and suggests a common underlying mechanism, driven
by insulin resistance as a primary defect and pancreatic
beta-cell dysfunction occurring later.**'™* However, beta-
cell failure appears to occur more rapidly in patients
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with early-onset T2D compared with those with late-onset
T2D.° ! In addition, early-onset T2D in white European
participants was common among woman, which has also
been widely reported in other studies of white popula-
tions.** *

In contrast, the pathways that lead to the early onset of
T2D in Africa, where it occurs in the absence of excessive
adiposity, are unclear, but most evidence suggests that
pancreatic beta-cell dysfunction is the primary defect.
This may result from genetic predisposition as well as
environmental exposures, such as early-life (in utero
and/or early childhood) malnutrition and infections like
tuberculosis, HIV, and malaria, which are prevalent in
the region.”™* This notion forms the basis of the devel-
opmental origins of health and disease, which explains
that such early-life environmental exposures may induce
changes, including epigenetic, that alter gene expression,
cellular growth, composition, and physiology, increasing
the future risk of developing cardiometabolic conditions
like T2D.” The high burden of infectious diseases, such
as tuberculosis and HIV, may also act directly or indirectly
in adulthood to increase the risk of developing early-
onset T2D.* %’

The unique manifestation of early-onset T2D with a
predominance of pancreatic beta-cell dysfunction, as
seen in adult Ugandans, may also be due to genetic influ-
ences. Polymorphisms of genes that influence pancre-
atic beta-cell development, proliferation, neogenesis,
apoptosis, and insulin secretion such as the transcription
factor-7 like 2 genes (TCF7L2), Zinc Finger RANBP2-
Type Containing 3 (ZRANB3), and the ATP-sensitive
potassium channel Kir6.2 gene (KCNJ11), have been
suggested as possible mechanisms for pancreatic beta-cell
dysfunction in patients of African ancestry.”

In addition to genetics and early-life environmental
factors, the differences seen in the phenotypic charac-
teristics and manifestation of T2D in these two distinct
populations may be due to the complex interplay of
environmental factors including lifestyle, dietary habits,
education, socioeconomic status, healthcare infrastruc-
ture, cultural practices, and public health policies. While
the UK and other high-income countries generally have
better resources aimed at diagnosing and managing
diabetes early and optimally, Uganda and other African
countries face unique challenges such as limited access to
quality healthcare, which may impact early diagnosis and
influence diabetes onset, presentation, progression, and
treatment outcomes.”® The delay in diabetes diagnosis
and the initiation of appropriate treatment (whether as
a result of lack of education, access to healthcare, or any
other social factor) may lead to a higher glycemic burden
irrespective of underlying pancreatic beta-cell function,
subsequently resulting in marked weight loss. This may
explain the lower BMI and WC seen in the Ugandan
participants with poor glycemic control.

Broadly, as observed in the comparison of the early-
onset T2D cohorts, there were also striking differences
in the overall population characteristics between the

Ugandan and the UK populations. These differences
have been generally reported elsewhere, emphasizing
the racial differences in the manifestation of T2D. For
example, compared with white populations living in
high-income countries, T2D has been reported to occur
at a lower mean age and BMI in native and migrant Afri-
cans.”” ** Additionally, the pathogenesis of T2D appears
to be influenced more by pancreatic beta-cell dysfunc-
tion in most black African populations (as supported
by the lower stimulated C-peptide concentrations in
the Ugg%tgdan population) as opposed to insulin resis-

Strengths of the study include that this is the first study
to undertake phenotypic characterization of early-onset
and late-onset T2D (where islet-cell autoimmunity has
been robustly screened for and excluded) in adult black
African and white European patients with recently diag-
nosed diabetes to investigate if ethnic-related differences
exist in the manifestation of early-onset T2D. Partici-
pants were phenotyped in detail, and GRS was available
to investigate the potential contribution of antibody-
negative T1D and classical T2D genetic susceptibility to
early-onset antibody-negative T2D.

Limitations of this study include differences in the
designs of the two studies, which may limit the interpre-
tation of some findings. For example, the differences in
the study design (including age-related recruitment in
the StartRight study) suggest that these studies should
not be used to directly compare the relative prevalence
of early-onset T2D. In addition, the post-meal C-peptide
measurement in the StartRight study may not be directly
comparable to the 120min post-glucose load C-peptide
measurement used in the UDIP study, and differences in
duration at recruitment may impact a direct comparison
of glycemic control. Despite enrolling clinically stable
participants (in the absence of an acute metabolic decom-
pensation state), we acknowledge that the high glycemic
levels at recruitment could also largely contribute to
the lower 120min post-glucose load C-peptide level (an
effect of the glucotoxicity) in the Ugandan population.
Ugandan participants were recruited only from seven
secondary hospitals (in contrast to the combined primary
and secondary healthcare recruitment in the StartRight
study).

In conclusion, our study findings demonstrate that the
phenotypic profile of early-onset T2D in adult Ugandans
and white Europeans with recently diagnosed diabetes
greatly differs. While obesity plays a central role in the
pathogenesis of early-onset T2D in white Europeans, its
effect on adult Ugandans is insignificant. Pancreatic beta-
cell dysfunction appears to explain the early onset of T2D
in this population. An in-depth understanding of the
phenotype of early-onset T2D in black African and white
European populations is important and has significant
clinical and therapeutic implications. Because of these
phenotypic differences, the therapeutic and preven-
tive strategies for early-onset T2D should be tailored
to ethnicity and population. Due to a lack of adequate
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clinical evidence, future research is needed to guide how
to optimally manage and prevent early-onset T2D, espe-
cially in adult Ugandans.
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