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Beta-cell dysfunction and insulin
resistance in relation to abnormal
glucose tolerance in African
populations: can we afford to ignore the
diversity within African populations?

Karlijn A C Meeks

The pathogenesis of type 2 diabetes (T2D) in
sub-Saharan Africans is incompletely under-
stood despite the rapid increase in T2D prev-
alence in sub-Saharan Africa. T2D and its
precursor, pre-diabetes, are characterized by
abnormal glucose tolerance resulting from a
complex inter-relationship between beta-cell
dysfunction and insulin resistance. The roles
of beta-cell dysfunction and insulin resistance
in T2D among sub-Saharan African popula-
tions are understudied.

In a recent publication by Ishimwe et al,'
the relative contributions of insulin resis-
tance and beta-cell dysfunction to abnormal
glucose tolerance were evaluated in African
migrants in the USA. The authors used robust
methods for assessment of abnormal glucose
tolerance and compared two methods for
determining insulin resistance and beta-cell
failure. They conclude that beta-cell failure
rather than insulin resistance is the major
cause of abnormal glucose tolerance in
Africans. Although their work presents an
important addition to the literature, caution
is warranted with regard to extrapolating their
findings from African migrants in the USA to
other African populations and geographical
contexts.

Africa is a large continent with a varying
disease experience. Previous studies have
shown large regional and sex-specific varia-
tions in T2D in Africa, including substantial
differences between rural and urban settings.”
There are data that indicate substantial differ-
ences in insulin action between African popu-
lations even within rural areas. For example,
a study in rural Kenya found 32% higher
insulin resistance among Maasai compared
with the Luo and 17% higher compared with
the Kamba.”
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African populations are exposed to a wide
range of environmental exposures and life-
style factors that can affect insulin sensitivity
and beta-cell function. Lifestyle factors such
as dietary intake, physical activity, alcohol
consumption, and smoking differ greatly
between population groups within Africa
and between Africans in Africa and African
migrants in Europe and the USA. For
example, the prevalence of smoking ranges
from 1.8% in Zambia to 25.8% in Sierra
Leone." Nicotine has been demonstrated to
impair beta-cell function and beta-cell mass’
and thus variations in smoking between
African regions could impact the contribu-
tion of beta-cell dysfunction between African
populations. As another example, environ-
mental chemical agents, such as chemical
contaminants from food, plastic, and air,
may produce injury in beta-cells,’ and expo-
sure to these chemical agents is likely to
differ greatly between African migrants and
non-migrants, as well as between urban and
rural dwellers.

In addition to large variation in the envi-
ronment, Africa also represents the highest
level of genetic diversity in the world.”
Genomic studies in Africans have successfully
replicated T2D-associated variants in genes
involved in insulin resistance as well as in
genes involved in beta-cell dysfunction, indi-
cating that both mechanisms are important
in Africans.®® In addition, it is plausible that
differences in genetic factors between African
populations, possibly driven by local adapta-
tion pressures, contribute to variations in
the interplay between insulin resistance and
beta-cell dysfunction in abnormal glucose
tolerance. For example, hunter-gatherer
populations from East Africa were found to
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have strong signatures of local adaption for genes that
encode for proteins involved in insulin resistance.'’

The study by Ishimwe et al' is crosssectional, and
without data on glucose tolerance among these African
migrants at the time of US entry the relative contribu-
tions of African and US environmental influences over
time cannot be determined. The authors measured
insulin sensitivity and secretion by both Oral Glucose
Tolerance Test (Matsuda Index and Insulin Secretion
Index) and fasting measures (homeostatic model assess-
ment). Insulin clamps may have provided better physi-
ologic clarification. However, it is to be recognized that
insulin clamps are often not feasible in studies of this size
and cannot diagnose glucose tolerance status.

To conclude, the available evidence indicates that both
insulin resistance and beta-cell dysfunction are important
in the pathogenesis of T2D in Africans. While one mech-
anism may be more important in a specific study, this is
by no means generalizable to other African cohorts due
to substantial variations in disease experience, environ-
mental exposures, and genetic adaptation across African
populations. There is a need for studies exploring the
contributions of insulin resistance and beta-cell dysfunc-
tion to abnormal glucose tolerance in diverse African
populations living in diverse geographical contexts.
Research and clinical protocols designed to address the
etiology and prevalence of abnormal glucose tolerance in
African ancestry populations should include testing not
only for insulin resistance, as is commonly done, but also
for beta-cell function.

Contributors KACM drafted the letter, with substantial input from AA and CA.

Funding This study was funded by the National Human Genome Research
Institute (Z01HG200362). KACM and AA are supported by the Intramural Research
Program of the National Human Genome Research Institute of the National
Institutes of Health (NIH) through the Center for Research on Genomics and Global
Health (CRGGH). The CRGGH is also supported by the National Institute of Diabetes
and Digestive and Kidney Diseases and the Office of the Director at the NIH.

Competing interests None declared.

Patient consent for publication Not required.
Ethics approval This study does not involve human participants.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Karlijn A C Meeks http://orcid.org/0000-0003-3032-405X
Adebowale Adeyemo http://orcid.org/0000-0002-3105-3231
Charles Agyemang http://orcid.org/0000-0002-3882-7295

REFERENCES

1 Ishimwe MCS, Wentzel A, Shoup EM, et al. Beta-Cell failure rather
than insulin resistance is the major cause of abnormal glucose
tolerance in Africans: insight from the Africans in America study.
BMJ Open Diabetes Res Care 2021;9:e002447.

2 Peer N, Kengne A-P, Motala AA, et al. Diabetes in the Africa region:
an update. Diabetes Res Clin Pract 2014;103:197-205.

3 Christensen DL, Faurholt-Jepsen D, Faerch K, et al. Insulin
resistance and beta-cell function in different ethnic groups in
Kenya: the role of abdominal fat distribution. Acta Diabetol
2014;51:53-60.

4 Brathwaite R, Addo J, Smeeth L, et al. A systematic review of
tobacco smoking prevalence and description of tobacco control
strategies in sub-Saharan African countries; 2007 to 2014. PLoS
One 2015;10:e0132401-e01.

5 Yoshikawa H, Hellstrom-Lindahl E, Grill V. Evidence for functional
nicotinic receptors on pancreatic beta cells. Metabolism
2005;54:247-54.

6 Fabricio G, Malta A, Chango A, et al. Environmental contaminants
and pancreatic beta-cells. J Clin Res Pediatr Endocrinol
2016;8:257-63.

7 Campbell MC, Tishkoff SA. The evolution of human genetic and
phenotypic variation in Africa. Curr Biol 2010;20:R166-73.

8 Adeyemo AA, Zaghloul NA, Chen G, et al. ZRANBS is an african-
specific type 2 diabetes locus associated with beta-cell mass and
insulin response. Nat Commun 2019;10:3195.

9 Ng MCY, Shriner D, Chen BH, et al. Meta-analysis of genome-wide
association studies in African Americans provides insights into the
genetic architecture of type 2 diabetes. PLoS Genet 2014;10:e100
4517-e17.

10 Scheinfeldt LB, Soi S, Lambert C, et al. Genomic evidence for
shared common ancestry of East African hunting-gathering
populations and insights into local adaptation. Proc Nat!/ Acad Sci U
S A2019;116:4166-75.

BMJ Open Diab Res Care 2022;10:2002685. doi:10.1136/bmjdrc-2021-002685


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3032-405X
http://orcid.org/0000-0002-3105-3231
http://orcid.org/0000-0002-3882-7295
http://dx.doi.org/10.1136/bmjdrc-2021-002447
http://dx.doi.org/10.1016/j.diabres.2013.11.006
http://dx.doi.org/10.1007/s00592-013-0474-x
http://dx.doi.org/10.1371/journal.pone.0132401
http://dx.doi.org/10.1371/journal.pone.0132401
http://dx.doi.org/10.1016/j.metabol.2004.08.020
http://dx.doi.org/10.4274/jcrpe.2812
http://dx.doi.org/10.1016/j.cub.2009.11.050
http://dx.doi.org/10.1038/s41467-019-10967-7
http://dx.doi.org/10.1371/journal.pgen.1004517
http://dx.doi.org/10.1073/pnas.1817678116
http://dx.doi.org/10.1073/pnas.1817678116

	Beta-­cell dysfunction and insulin resistance in relation to abnormal glucose tolerance in African populations: can we afford to ignore the diversity within African populations?
	References


