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Abstract

Dolutegravir is a preferred antiretroviral drug given its high resistance barrier and efficacy; however, reports from
sub-Saharan Africa indicate increased hyperglycemia rates among individuals living with HIV on dolutegravir.
Potential mechanisms include mitochondrial dysfunction from previous exposure to NRTIs like stavudine and
zidovudine, which causes mitochondrial toxicity and predisposes patients to hyperglycemia upon switching to
dolutegravir; magnesium chelation, which is borrowed from dolutegravir's mode of action (dolutegravir inhibits
the action of integrase by chelation of magnesium required as a cofactor by the HIV enzyme); and chronic
inflammation, with elevated pro-inflammatory markers like IL-6, CRP, and TNF-a contributing to insulin resistance.
The narrative review highlights variability in hyperglycemia among patients, influenced by genetics, lifestyle, and
prior antiretroviral therapy. The exact nature of dolutegravir-associated hyperglycemia, whether due to insulin

resistance or reduced insulin release, remains unclear, although insulin resistance is significant.
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Introduction

Dolutegravir (DTG) is a potent drug from the integrase
strand transfer inhibitor (INSTI) class of antiretroviral
agents. It was approved by the United States Food and
Drug Administration in 2013 [1]. The drug is known for
its high potency and effectiveness. It also has a higher
genetic barrier to HIV resistance compared to other anti-
retrovirals [2]. DTG is a better substitute for non-nucle-
oside reverse transcriptase inhibitors (NNRTIs). This is
especially important because NNRTIs have long faced
high levels of viral resistance. Because of these advan-
tages, the World Health Organization (WHO) recom-
mended dolutegravir for first-line HIV treatment in 2016
[3].

This recommendation led to the national roll-out of
dolutegravir in many low- and middle-income countries
(LMICs) [4]. It is commonly used in combination with
tenofovir disoproxil fumarate and lamivudine, forming
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the TLD regimen [1]. In Uganda, resistance to NNRTIs
had exceeded the WHO threshold of 10% [2]. As a result,
many patients who had been on antiretroviral therapy
(ART) for over a decade were switched to TLD [5].

Surprisingly, signs of DTG-associated hyperglycemia
began to emerge from urban HIV treatment centres.
These were the sites that led the national rollout of DTG-
based regimens. In Uganda, Lamorde and colleagues
reported a significantly higher rate of new-onset symp-
tomatic hyperglycemia among people on DTG compared
to those on efavirenz. The incidence was 0.47% for DTG
and 0.03% for efavirenz (p=0.0004) [6].

Namara et al. (2022) in Uganda also reported a higher
risk of hyperglycemia in people taking DTG. Compared
to those on non-DTG regimens, the adjusted odds
ratio (aOR) was 7.01 (95% CI 1.96-25.09). In this study,
hyperglycemia was defined as fasting blood glucose
(FBS) =100 mg/dL or a two-hour oral glucose tolerance
test (OGTT) =140 mg/dL [7].

A longitudinal study from Ghana followed ART-naive
and ART-experienced individuals on DTG for at least
72 weeks [8]. All participants had normal blood glucose
levels at baseline. Type 2 diabetes mellitus (T2DM) was
defined as FBS>7.0 mmol/L (126 mg/dL). The study
found a T2DM incidence proportion of 11.8% (95% CI
10.2-13.7). The incidence rate was 98.1 cases per 1000
person-years (PY). The median time to diabetes diagnosis
was 24 weeks after starting DTG. ART-experienced indi-
viduals had a higher incidence (12.6%) and rate (101.4 per
1000 PY) than ART-naive participants (6.5% and 68 per
1000 PY). This suggests that previous ART exposure may
increase the risk.

In Uganda, Ankunda et al. (2024) [9] conducted a simi-
lar prospective study. They used random blood glucose
(RBS) to define hyperglycemia (RBS=7 mmol/L). Par-
ticipants with high RBS underwent confirmatory HbAlc
testing. Diabetes was diagnosed at HbAlc>6.5%. Over
six months, the incidence rate of hyperglycemia was 245
cases (95% CIL: 19.3-31.1) per 1000 PY. The incidence
of diabetes was 58 cases (95% CI: 3.6—9.3) per 1000 PY.
These rates were higher than those reported in the Gha-
naian study. The difference may be due to the diagnos-
tic approach. RBS can detect temporary rises in glucose
more easily than FBS. It may also reflect different popula-
tion-level metabolic risks.

The mechanisms behind dolutegravir-related hyper-
glycemia remain unclear. In this narrative review, we
examine potential pathophysiologic explanations linking
dolutegravir to hyperglycemia. One possible mechanism
is prior mitochondrial dysfunction, as most reported
cases occur in ART-experienced individuals. Prior expo-
sure to NRTIs is known to cause mitochondrial toxicity
in virally suppressed patients living with HIV. Dolutegra-
vir may also contribute to dose-dependent magnesium
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chelation. Additionally, pre-existing low-grade chronic
inflammation may play a role.

Methods

Our initial search for possible mechanisms of dolutegra-
vir-associated hyperglycemia revealed limited existing
literature, justifying a narrative review instead of a sys-
tematic review. We searched for literature in PubMed
and Google Scholar using the following search strings:

+ (“Dolutegravir” OR “DTG”) AND (“Hyperglycemia”
OR “Insulin resistance” OR “Glucose intolerance”)
AND (“Mechanism” OR “Pathophysiology”).

+ (“Dolutegravir” OR “INSTI”) AND (“Hyperglycemia”
OR “Diabetes”) AND (“Mitochondrial dysfunction”
OR “Oxidative stress”).

+ (“Dolutegravir” OR “HIV integrase inhibitor”) AND
(“Insulin resistance” OR “Beta-cell dysfunction”)
AND (“Pancreatic function” OR “Glucose
metabolism”).

o (“Dolutegravir“[MeSH] OR “Integrase
Inhibitors“[MeSH]) AND (“Hyperglycemia“[MeSH]
OR “Diabetes Mellitus, Type 2“[MeSH])

AND (“Mitochondria“[MeSH] OR “Insulin
Resistance“[MeSH])

Based on the results of our initial search, we conducted
further literature searches to obtain more detailed expla-
nations of the possible mechanisms.

The mode of action of dolutegravir

Dolutegravir (DTG) is an INSTI widely used in the
management of human immunodeficiency virus type 1
(HIV-1) infection [10]. It functions by blocking the viral
integrase enzyme, thereby preventing the integration
of HIV DNA into the host genome, a critical step in the
viral replication cycle. This inhibition effectively disrupts
HIV propagation, leading to viral load suppression and
immune system recovery in individuals receiving combi-
nation antiretroviral therapy (CART). Dolutegravir exerts
its antiviral activity by selectively binding to the active
site of HIV-1 integrase, specifically interacting with
essential divalent metal ions (Mg®* or Mn*) required
for enzymatic activity [10]. This interaction prevents the
formation of a stable pre-integration complex, thereby
blocking the strand transfer step of DNA integration. By
halting this process, dolutegravir prevents the covalent
attachment of viral DNA to the host genome, effectively
inhibiting viral replication.

Insulin release and action

Insulin, one of the key hormones regulating glucose
metabolism, is secreted by the beta cells in the pancreatic
islets of Langerhans. (Fig. 1).
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Fig. 1 Target organs for insulin

At a molecular level, glucose enters pancreatic beta
cells via GLUT2 transporters (Fig. 2). Intracellular glu-
cose is metabolized through glycolysis and the tricar-
boxylic acid (TCA) cycle, leading to an increase in ATP
production [11, 12]. Insulin is released upon the influx of
calcium through the calcium channels, which is triggered
by the closure of the ATP-dependent potassium channels
(13, 14, 15]. ATP binds with magnesium ions (Mg**) to
create its biologically active form, and a significant por-
tion of intracellular ATP and Mg*" is thought to exist as
Mg-ATP complexes. Since both ATP and Mg?" are tightly
regulated and buffered within the cytosol, Mg?* plays a
crucial role in energy metabolism [16]. Additionally,
magnesium is required as a cofactor for many enzymes
involved in glycolysis and the Krebs cycle [17]. Therefore,
the chelation of magnesium by dolutegravir may reduce
the cell’s ability to efficiently produce ATP, which is cru-
cial for insulin release. Additionally, the majority of ATP
is generated in the mitochondria. Mitochondrial dys-
function, which can result from exposure to drugs that
are toxic to mitochondria, impairs ATP production and,
consequently, insulin release [18].

Insulin binds to the extracellular alpha subunits of
the insulin receptor (IR), a transmembrane tyrosine
kinase receptor (Fig. 3). This binding induces a series

Insulin
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of reactions within the cell [19, 20, 21, 22, 23, 24]. The
final product, protein kinase B (AKT), triggers increased
GLUT-4-dependent glucose uptake, glycolysis, and gly-
cogen synthesis. Several inhibitors of the insulin signal-
ling pathway have been identified, including ceramide,
diacylglycerol (DAG), and inflammatory cytokines such
as tumor necrosis factor a (TNF-«) and Interleukin-6
(IL-6). Ceramide and DAG are by-products of inefficient
fat metabolism, commonly seen in obese individuals or
those experiencing weight gain, as well as in individuals
with mitochondrial dysfunction. DAG inhibits the insu-
lin receptor substrate (IRS), which initiates the signal-
ling pathway, while ceramide blocks the final step of the
pathway. Evidence suggests that dolutegravir is linked to
weight gain, which may, in turn, lead to increased lev-
els of DAG and ceramide. Additionally, dolutegravir has
been associated with mitochondrial toxicity in preclini-
cal studies [25]. Inflammatory cytokines TNF-a [26] and
IL-6 [27, 28] are also known to disrupt insulin signal-
ling, which contributes to insulin resistance. Many cases
of dolutegravir-induced hyperglycemia are observed in
patients with metabolic syndrome [6], a condition closely
tied to inflammation [29]. Metabolic syndrome refers
to a group of interconnected conditions, such as ele-
vated blood pressure, high blood sugar levels, excessive
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Fig. 2 Insulin release. Insulin release depends on ATP produced through glycolysis and the Krebs cycle. Dolutegravir chelates the magnesium that is
required for ATP stabilization and also serve as a cofactor for numerous metabolic enzymes. The presence of mitochondrial dysfunction due to prior
exposure to nucleoside reverse transcriptase inhibitors (NRTIs) in some individuals may exacerbate the metabolic effects of dolutegravir. GLUT2 glucose
transporter 2, ADP adenosine diphosphate, ATP adenosine triphosphate, DTG dolutegravir, Mg’* magnesium ions, K* potassium ions, Ca’* calcium ions,

ROS reactive oxygen species

abdominal fat, elevated triglycerides, and reduced HDL
cholesterol, which collectively raise the risk of heart dis-
ease, stroke, and type 2 diabetes [29, 30]. Therefore, it is
plausible that individuals with chronic inflammation may
have an increased risk of developing hyperglycemia when
treated with dolutegravir. Furthermore, dolutegravir may
inhibit the tyrosine kinase by chelation of magnesium,
which it requires as a cofactor.

Dolutegravir-induced mitochondrial dysfunction relates to
beta-cell dysfunction
Dolutegravir-associated hyperglycemia is more frequent
among ART-experienced individuals [6, 31, 32, 33]. Pro-
longed exposure to nucleoside reverse transcriptase
inhibitors, particularly stavudine and zidovudine, may
result in mitochondrial toxicity [34]. Mitochondrial dys-
function can lead to beta-cell dysfunction [18] and insu-
lin resistance [35].

In mice, dolutegravir causes mitochondrial damage
by decreasing the mitochondrial complex IV compo-
nent and reducing mitochondrial respiratory capacity,

although clinical relevance in humans remains uncertain
[25]. Reduced mitochondrial respiratory capacity leads to
reactive oxygen species that may destroy the mitochon-
drial genome and cause inflammation. Dolutegravir was
observed to cause a significant reduction in mitochon-
drial maximal and spare respiratory capacities in mac-
rophages [36]. In a study by Gorwood et al., dolutegravir
treatment led to increased oxidative stress and mitochon-
drial dysfunction in adipose stem cells and adipocytes
and was found to induce insulin resistance in adipocytes
[37]. According to Mohan et al. (2023), the combined use
of antiretrovirals, including TLD, was linked to mito-
chondrial stress and dysfunction. Notably, the study
observed that oxidative damage and reduced ATP pro-
duction persisted despite the activation of antioxidant
responses and mitochondrial maintenance systems with
TLD treatment [38]. There was a significant suppres-
sion in mitochondrial stress responses with a decrease
in Sirtuin 3 (SIRT3) and uncoupling protein 2 (UCP2)
protein expression, contributing to the observed effects
[38]. SIRT3, a primary deacetylase in mitochondria, is
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Fig. 3 Insulin action. Insulin binds to tyrosine kinase receptors on target tissues, initiating a series of reactions downstream termed as insulin signalling.
The signalling results in glucose uptake, among other effects. Interfering with this pathway causes insulin resistance. Abbreviations: GLUT4, glucose
transporter 4; IRS, insulin receptor substrate; DAG, diacylglycerol; DTG, dolutegravir; Mg?*, magnesium ions; TNFa, tumor necrosis factor ; IL-6, interleukin

6; AKT, protein kinase B

responsible for regulating nearly all aspects of mitochon-
drial health and function. It manages critical processes
like energy homeostasis, redox balance, mitochon-
drial quality, biogenesis, dynamics, and mitophagy [39].
On the other hand, UCP2 plays a role in the immune
response, managing oxidative stress, and maintaining
mitochondrial membrane potential, along with support-
ing energy production [40].

Dolutegravir inhibits glucokinase via magnesium ion
chelation

Dolutegravir inhibits HIV integrase by chelating magne-
sium at the enzyme’s catalytic core site [41]. It is hypoth-
esized that using the same mechanism, dolutegravir
chelates magnesium required as a cofactor by glucoki-
nase, an enzyme involved in glucose metabolism. No
study has compared either plasma or intracellular mag-
nesium levels between individuals on dolutegravir with
or without hyperglycemia. However, a study has dem-
onstrated a dose-dependent reduction in dolutegravir
plasma exposure when dolutegravir is co-administered
with divalent ion-containing drugs [42].

Dolutegravir modulates chronic low-grade inflammation in
specific tissues

Pro-inflammatory markers such as C-reactive protein
(CRP), IL-6, interleukin-1p (IL-1p), and TNF-a are asso-
ciated with metabolic syndrome. In a study of Lamorde
and colleagues [6], 50% of individuals with dolutegravir-
associated hyperglycemia had hypertension, one of the
components of metabolic syndrome. This is consistent
with the case reports [31, 32, 33] that have cited that
most individuals with dolutegravir-associated hypergly-
cemia are diagnosed with metabolic syndrome, which
is possibly caused by low-grade chronic inflammation
[43]. These markers cause insulin resistance by interfer-
ing with insulin signalling. In preclinical models, dolute-
gravir has been proven to increase the expression and
release of pro-inflammatory cytokines while reducing
the secretion of counter-inflammatory hormones from
adipocytes [44]. Specifically, dolutegravir stimulates the
release of IL-6 but inhibits the expression and release of
adiponectin and leptin from the adipose tissues [37, 44].
Dolutegravir increased the gene expression of IL-6, a
marker of inflammation, and elevated IL-6 in the culture



Buzibye et al. AIDS Research and Therapy (2025) 22:93

medium. According to Theron et al. (2022) dolutegravir
may enhance the release of elastase, an enzyme involved
in inflammation, in a dose-dependent manner in neutro-
phils [45].

An opposite effect of dolutegravir was observed in
human coronary endothelial cells [46], suggesting that
the pro-inflammatory effect of dolutegravir could be
tissue-specific. In the human coronary endothelial cells,
dolutegravir decreased inflammation by reducing NF-«B
activation and secretion of pro-inflammatory mark-
ers like IL-6, IL-8, sSICAM-1, and sVCAM-1. Moreover,
dolutegravir improved insulin sensitivity and reduced
cellular senescence. These favourable effects of dolute-
gravir on inflammation and senescence were partially
mediated by the involvement of ubiquitin-specific pepti-
dase-18. However, the drug’s positive influence on insulin
sensitivity occurred independently of USP18, indicating
that dolutegravir engages multiple pathways to exert its
effects on coronary endothelial cells [46].

Indeed, some in vivo human studies have reported
dolutegravir to have overall anti-inflammatory effects
[47]. So far, no study has investigated the inflammatory
effects of dolutegravir on the liver and skeletal muscle
tissues, whose insulin resistance may lead to type 2
diabetes.

Clinical heterogeneity in dolutegravir effect on
hyperglycaemia
Mitochondrial deletions increase with age; however,
age does not increase risk for hyperglycemia, suggest-
ing that there are multiple potential mechanisms at play.
One plausible explanation is the extent of exposure to
dolutegravir. There is currently no human study that has
reported the relationship between dolutegravir dose and
hyperglycemia. Preclinical evidence from limited studies
has demonstrated that dolutegravir-associated hypergly-
cemia is dose-dependent. Jung et al. (202) demonstrated
that varying doses of dolutegravir modulated lipid accu-
mulation and suppressed thermogenesis-related proteins
such as uncoupling protein 1 (UCP1 in adipocytes [25].
UCP1 is primarily found in brown adipose tissue (BAT)
and plays a key role in thermogenesis by uncoupling
oxidative phosphorylation from ATP production. This
process generates heat instead of ATP, which helps in
maintaining body temperature and energy expenditure.
Increased activation of UCP1 in brown adipose tis-
sue is associated with increased energy expenditure and
can potentially affect glucose metabolism [48, 49]. It was
observed that higher doses of dolutegravir led to a more
significant reduction in the expression of UCP1, indicat-
ing a dose-dependent relationship. The study also noted
dose-dependent effects on the attenuation of lipolysis, as
shown by reductions in glycerol release and perilipin 1
levels [25]. Perilipin is a protein that coats lipid droplets
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in adipocytes and plays a role in lipid metabolism and
storage. It regulates lipolysis, the breakdown of triglycer-
ides into free fatty acids and glycerol, which are released
into the blood stream. Dysregulation of perilipin can
affect lipid metabolism and potentially influence insu-
lin sensitivity and glucose metabolism [50, 51]. Patients
with a range of dolutegravir concentrations are needed
to gather data on dolutegravir’s impact on adipocyte
metabolism and proteins that regulate thermogenesis.
In another relatively similar study on human fat cells,
the expression of genes associated with fat cell function,
inflammation, mitochondrial function, and adipokines
was modulated by dolutegravir in a concentration-
dependent manner [44].

Taken together, these in vitro and preclinical studies
suggest that higher concentrations of dolutegravir may
affect the cellular processes involved in fat cell function
and inflammation in a dose-dependent manner.

Griesel et al. (2022) found that while the estimated area
under the concentration-time curve for dolutegravir was
not associated with a change in overall weight, it was
negatively associated with changes in visceral adipose tis-
sue mass. This suggests that dolutegravir concentrations
may not be directly related to overall weight gain but
might be linked to changes in the distribution of adipose
tissue, specifically a decrease in visceral fat [52].

Dolutegravir exposure may also vary according to the
genetic background of the individual. Dolutegravir is
primarily metabolized by UDP-glucuronosyltransferase
(UGT) 1Al and cytochrome P450 (CYP) 3A4 and is a
substrate for both ABCB1 and ABCG2, expressed in
the intestine and known as efflux transporters of drugs.
Additionally, it is a substrate for the nuclear receptor
subfamily 1 gene (NR1I2). Nuclear receptor subfamily
1, group I, member 2 (NR1I2), also known as the preg-
nane X receptor (PXR), is a ligand-activated transcrip-
tion factor belonging to the nuclear receptor superfamily.
NR1I2 plays a crucial role in regulating the expression of
genes involved in xenobiotic metabolism [53, 54] and is
involved in regulating lipid and cholesterol metabolism,
glucose homeostasis, and inflammation [55].

UGT1A1*6 and/or UGT1A1*28 were demonstrated to
be factors associated with high dolutegravir trough con-
centrations [56]. In a study by Elliot et al. (2020), differ-
ent genetic variations were found to be associated with
significant increases in drug exposure. For instance, the
combination of certain UGT1 and NR1I2 variants was
linked to a 79% increase in drug exposure, while com-
bined ABCG2 and NR1I2 variants were associated with a
43% increase in maximum drug concentration and a 39%
increase in overall drug exposure. Additionally, specific
UGT1A1 variants were individually linked to increased
drug exposure, with UGT1A1*28 poor metabolizer sta-
tus associated with a 27% increase in drug exposure, and
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the combination of UGT1A1*28 poor metabolizer and
UGT1A1*6 intermediate metabolizer statuses correlated
with a 43% increase in drug exposure. In another study,
the mean peak plasma concentration of dolutegravir was
significantly higher in the genotypes of ABCG2 421 AA
compared with the genotypes of ABCG2 421 CC [57].

The role of mitochondrial genome variations in

the progression of dolutegravir-associated severe
hyperglycemia: associations with mutations, heteroplasmy,
and genetic predisposition

Prior deletions in the mitochondrial genome may also
explain individual progression to diabetes. Research into
the relationship between mitochondrial genome varia-
tions and type 2 diabetes (T2D) has uncovered several
significant associations. Mitochondrial DNA (mtDNA)
mutations in genes such as MT-ND4, MT-ND5, and
MT-CO1, which encode essential subunits of the elec-
tron transport chain, are known to impair mitochon-
drial function and contribute to insulin resistance [58,
59]. Heteroplasmy, the presence of both mutated and
wild-type mtDNA within cells, further complicates this
relationship. High levels of heteroplasmy, particularly
involving genes like MT-ND4 and MT-TL1, have been
associated with more severe mitochondrial dysfunction
and a worsened progression of T2D [60]. Additionally,
certain mitochondrial haplogroups, such as JT, have been
linked to an increased risk of T2D in diverse populations,
suggesting a genetic predisposition [61, 62].

The nature of dolutegravir-associated hyperglycemia:
insights into insulin resistance, C-peptide, and Ketosis-
Prone diabetes
It is unclear whether dolutegravir-associated hyperglyce-
mia is due to reduced insulin release or resistance. One
case report recorded normal C-peptide, implying that
dolutegravir-associated hyperglycemia could be due to
insulin resistance [63]. During post-translational pro-
cessing, proinsulin is cleaved into insulin and C-peptide.
Insulin is then released into the bloodstream to regulate
glucose levels, while C-peptide is also secreted in equi-
molar amounts. C-peptide levels are often used clinically
as an indicator of endogenous insulin secretion. Elevated
C-peptide levels may indicate increased insulin produc-
tion and secretion in response to elevated blood glucose
levels. In the context of dolutegravir use and potential
effects on glucose metabolism, monitoring C-peptide
levels alongside glucose levels can provide insights into
insulin secretion and pancreatic function [64].
Dolutegravir-associated hyperglycemia appears to have
some similarities with ketosis-prone diabetes (KPD).
KPD is a unique form of diabetes that presents with char-
acteristics of both type 1 and type 2 diabetes [65, 66].
It primarily affects individuals of African origin and is

Page 7 of 9

marked by an acute onset of severe hyperglycemia and
ketosis or ketoacidosis, resembling type 1 diabetes at
first but showing insulin independence over time, more
akin to type 2 diabetes. Similar to dolutegravir-associated
hyperglycemia, most individuals (74%) experience weight
loss at diagnosis [67].

Conclusions

Dolutegravir may cause hyperglycemia in a dose-depen-
dent manner, with the effect potentially more pro-
nounced in individuals with supra-therapeutic plasma
levels. In addition to possible magnesium chelation,
individuals with underlying mitochondrial dysfunction
or deletions might experience reduced metabolic effi-
ciency. This could lead to the accumulation of metabolic
by-products that interfere with insulin signalling and
contribute to insulin resistance. Studies on humans and
more preclinical data are needed to determine whether
dolutegravir is due to failure of insulin release or insulin
resistance.
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