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A large portion of diabetes cases in sub-Saharan African populations
with HIV represent drug-induced diabetes
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To the Editor: I have read with great interest the review by
Goedecke and Mendham and subsequent correspondence
from Christensen et al on the causes of type 2 diabetes in
sub-Saharan African populations published in Diabetologia
[1, 2]. The authors correctly point out that type 2 diabetes is
more prevalent among people affected by severe infectious
diseases, such as tuberculosis and/or HIV infection. People
with these diseases often have persistent dysglycaemia.
Christensen et al noted that dysglycaemia occurs despite treat-
ment [2]. However, treatment for HIV infection should not be
expected to decrease the incidence of new cases of
dysglycaemia. The treatment itself is an essential and prob-
lematic factor from the point of view of a diabetologist.
Although infectious diseases themselves have the potential
to enhance insulin resistance and unmask an underlying beta
cell deficiency, some therapies for infectious diseases may
contribute to the onset of insulin resistance and dysglycaemia,
as previously exemplified [3].

Goedecke and Mendham argue that insulin resistance in
sub-Saharan African populations with HIV may be secondary
to hyperinsulinaemia resulting from increased insulin secre-
tion or reduced insulin clearance [1]. These may be two inde-
pendent steps that lead to the same disease. Tuberculosis and/
or HIV infection may stimulate primary hyperinsulinaemia,

whereas antiretroviral therapy (ART)may later stimulate insu-
lin resistance or facilitate its manifestation following priming
by the infectious insult. A major increase in type 2 diabetes
prevalence among patients with HIV is associated with the
onset of ART [4]. ART is subject to rapid development [5];
guidelines are frequently updated, and different countries
follow different guidelines that, in part, reflect their financial
status. However, I noticed that the differences in side effects of
ARTs were rarely reflected in studies that were not conducted
by HIV specialists. The analysis of pools of sub-Saharan
African patients with HIV did not reveal differences in diabe-
tes incidence and prevalence between those treated with ART
and those not treated with ART [6] because of the lack of
differentiation between the prescribed ARTs. When the
patients were stratified according to the therapy used, the asso-
ciation between ART and type 2 diabetes onset became
obvious.

The best-known examples of the association between ART
and type 2 diabetes are the cases of type 2 diabetes that mani-
fested after the administration of first-generation protease
inhibitors (indinavir, ritonavir and nelfinavir) [7]. Protease
inhibitors were introduced in 1995, and their introduction
alone decreased the mortality rate of patients with advanced
HIV infection from 30% to 8%, but led to a massive increase
in the incidence of new-onset type 2 diabetes cases among
treated patients [7]. Protease inhibitors likely cause type 2
diabetes due to activation of the mitochondrial apoptotic path-
way in beta cells [8]. They cause peripheral lipoatrophy,
visceral adiposity, hyperlipidaemia, insulin resistance,
hyperglycaemia and type 2 diabetes, which manifest in a strik-
ing 60–80% of patients with HIV treated with first-generation
protease inhibitors [9], and they dysregulate metabolism even
in HIV-seronegative individuals.

Although other ARTs were initially considered safe
concerning the development of metabolic disorders, the
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reverse is now thought to be true. Multiple nucleoside reverse
transcriptase inhibitors (NRTIs) and integrase strand transfer
inhibitors (INSTIs) induce gains in adipose tissue [10]. In
particular, the first-generation NRTIs (stavudine and zidovu-
dine) have strong pro-diabetic effects. Many effects, such as
the body fat repartition effects induced by NRTIs, last for
many years after treatment with the respective compounds
are discontinued [10].

In sub-Saharan Africa, ART became available in 2002 but
it had only 10% coverage of people living with HIV in 2007.
This increased to 37% in 2012 and 79% in 2021 (Fig. 1) [11].
Between 2002 and 2021, ART therapy coverage dramatically

improved across most sub-Saharan countries, including South
Africa, Nigeria, and the Democratic Republic of the Congo
(Fig. 1a). Therefore, most sub-Saharan African patients with
HIV are currently on ART. Hence, most recently diagnosed
individuals with diabetes and HIV are exposed to both HIV
infection and ART. Due to economic reasons, patients with
HIV are often treated with ART compounds that are already
out of use in the developed world [12]. In 2009, the prevailing
first-line treatment regimens consisted of various combina-
tions of stavudine, lamivudine, zidovudine, nevirapine and
efavirenz [13]. Of these, stavudine strongly stimulates the
development of lipoatrophy, central fat gain, elevated
HOMA-IR and diabetes [12]. Similar but weaker effects are
known for zidovudine and efavirenz. Only lamivudine and
nevirapine are without evidence for negative metabolic
effects. Moreover, patients who fail to positively respond to
first-line treatment are treated with a combination of ARTs
boosted with a protease inhibitor, typically lopinavir and rito-
navir [12]. As mentioned above, treatment with ritonavir is
associated with the development of type 2 diabetes and
lipodystrophic syndrome [13]; this compound is a GLUT4
inhibitor. Of the more recently used first-line regimens, which
include zidovudine, efavirenz and nevirapine, all alter lipid
profiles, and zidovudine and efavirenz induce type 2 diabetes
and stimulate increases in HOMA-IR [14].

Therefore, we call for more attention to the role of treat-
ment regimens in the onset and progression of type 2 diabetes
in sub-Saharan African populations with HIV. Diabetes that
develops in sub-Saharan African populations with HIV is
probably a disease with heterogeneous causes. Some patients
develop diabetes associated only with HIV infection or with
concomitant tuberculosis infection [15]. In contrast, other
patients manifest diabetes only after treatment with various
ARTs, thereby being primed by the infectious insult andmani-
festing the disease after the subsequent drug insult. Drug-
induced diabetes and hyperglycaemia have a delay in occur-
rence, which can be anything from hours to months, or even
years after drug initiation [16]. Ideally, baseline glucose levels
should be determined before commencing ART. Routine
checks should be performed every 3–4 months during the first
year of the therapy and less frequently during follow-up years.
Caution is needed when using HbA1c as a proxy for blood
glucose control as patients with HIV may have increased turn-
over of red blood cells and, therefore, have falsely lower
HbA1c levels [17]. Should the role of ART be confirmed in
the increased risk of diabetes in those with HIV, a large
portion of diabetes cases in sub-Saharan African populations
with HIV should be considered to represent drug-induced
diabetes.

Fig. 1 Trends in (a) ART coverage and (b) prevalence of HIV in sub-
Saharan Africa. The data are shown for all sub-Saharan African countries
combined, and specifically for South Africa, Nigeria and the Democratic
Republic of Congo. ART coverage is expressed as a percentage of people
living with HIV in 2000–2021. The prevalence of HIV is expressed as a
percentage of the population aged 15–49 years in 1990–2021. The data
represent estimates of the Joint United Nations Programme on HIV and
acquired immune deficiency syndrome (AIDS), which are openly avail-
able [11]. Dem. Rep., Democratic Republic; UNAIDS, Joint United
Nations Programme on HIV/AIDS
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