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Antiretroviral Therapy-induced Insulin Resistance and Oxidative
Deoxy Nucleic Acid Damage in Human Immunodeficiency
Virus-1 Patients
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Background and Objectives: Insulin resistance (IR) is frequent in human immunodeficiency virus (HIV) infection and may be related to
antiretroviral therapy (ART). Increased oxidative stress parameters and carbonyl protein are linked to insulin sensitivity. The present study
is aimed to determine IR, its association with oxidative deoxy nucleic acid (DNA) damage in HIV-1-infected patients with different ART
status. Materials and Methods: In this case—control study, a total 600 subjects were included. We used plasma levels of the oxidized base,
8-hydroxy-2-deoxyguanosine (8-OHdG), as our biomarker of oxidative DNA damage. 8-OHdG was measured with the highly sensitive
8-OHdG check enzyme-linked immunosorbent assay kit. IR was determined using homeostasis model assessment. Results: All subjects were
randomly selected and grouped as HIV-negative (control group) (n = 300), HIV-positive without ART (n = 100), HIV-positive with ART first
line (n = 100), and HIV-positive with ART second line (n = 100). IR and oxidative DNA damage were significantly higher in HIV-positive
patients with second-line ART and HIV-positive patients with first-line ART than ART-naive patients. In a linear regression analysis,
increased IR was positively associated with the increased DNA damage (odds ratio: 3.052, 95% confidence interval: 2.595-3.509) P < 0.001.
Interpretation and Conclusions: In this study, we observed that ART plays a significant role in the development of IR and oxidative DNA
damage in HIV-positive patients taking ART. Awareness and knowledge of these biomarkers may prove helpful to clinicians while prescribing
ART to HIV/AIDS patients. Larger studies are warranted to determine the exact role of ART in the induction of IR and DNA damage.
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cancer, neurocognitive impairment, and frailty, particularly
when therapy contains protease inhibitors (PIs).['

INTRODUCTION
The AIDS epidemic continues to spread in the SouthEast

Asia (SEA) Region. The SEA is the second most affected
WHO region in the world, after Sub-Saharan Africa. To date,
close to 40 million people throughout the world have been
infected with human immunodeficiency virus (HIV). Of
these, almost 6.4 million are in the SEA Region. Over 99%
of cases have been reported from four countries - Thailand,
India, Indonesia, and Myanmar."'! Combination antiretroviral
therapy (ART) has positively modified the natural history of
HIV infection, leading to a significant reduction in morbidity
and mortality. However, long-term toxicity is becoming
recognized, treated patients are at a significant risk for a number
of diseases typically associated with older age, including
insulin resistance (IR), cardiovascular disease, osteoporosis,

Access this article online

Website:
www.ijem.in

DOI:
10.4103/2230-8210.202029

However, a growing body of evidence suggests that up to
60% of treated patients develop a complex of metabolic
alterations, to varying degrees, which is emerging as a
significant medical concern. These alterations include fat
tissue redistribution (peripheral lipodystrophy and increased
central adiposity), dyslipidemia, and systemic IR. The
last is characterized clinically by elevated fasting insulin
and/or C-peptide levels and was confirmed using euglycemic—
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hyperinsulinemic clamp studies. The clinical significance of
these side effects is the exposure of patients to an apparent
increased risk for developing premature cardiovascular
morbidity, as well as to new-onset or aggravated type 2
diabetes.l*® Although metabolic alterations have also been
described in (HIV PI[HPI]) HPI sparing highly active
antiretroviral therapy (HAART) regimens, an increasing
amount of data attributes a role for this class of drugs in the
induction of IR.P-'2l HIV-positive subjects receiving HPI
became insulin-resistant even in the absence of changes in
body composition.[""'*! PIs acutely and reversibly inhibit the
insulin-responsive glucose transporter Glut 4, leading to
peripheral IR and impaired glucose tolerance.l*!%

The drugs implicated include nucleoside reverse transcriptase
inhibitors (major components of first-line therapy in India)
and also PIs (components of current second-line therapy in
India). In India, where there is a genetic predisposition to IR
and cardiovascular risk, this impact may be significant.>!>2! R
plays a key role in the pathogenesis of the metabolic syndrome
and is frequently detected among HIV patients on ART.?>24
Biochemistry of IR: pancreatic b-cells release insulin in response
to hyperglycemia, stimulating muscle and adipose tissue to
store sugar, and blocking the liver from releasing glucose into
circulation. IR occurs when glucose uptake is insufficiently
stimulated and hepatic glucose release is permitted. Persistent
hyperglycemia results with the eventual development of
Type 2 diabetes mellitus. The estimated incidence of glucose
metabolism disorders in the HI V-infected population is between
2% and 25% with a 2.2-fold increase in the relative risk of Type 2
diabetes mellitus.[025:26]

Oxidative damage results from biochemical interactions
between reactive oxygen species (ROS) and target
biomolecules. ROS can damage nucleic acids, lipids, and
proteins; this damage figures prominently in the etiology and
progression of numerous cancers as well as coronary and
carotid atherosclerosis. Although many damaged deoxy nucleic
acid (DNA) lesions have been identified, we have chosen
8-hydroxy-2-deoxyguanosine (8-OHdAG) as our biomarker of
oxidative damage.?”! The importance of this lesion stems from
the fact that it is both abundant in DNA and it is mutagenic.
The current evidence suggests that 8-OHdG lesions present
in DNA during cellular replication result in somatic mutation,
the driving force behind carcinogenesis.?$2

MAaTeriALS AND METHODS

Subject selection

A case—control study was carried out on HIV-1-infected
patients at the Outpatient Infectious Disease Unit (OPD) and
ART center of the Sir J J Hospital and Grant Government
Medical College, Mumbai, over a period of 1 year, from
February 2014 to March 2015. We have selected 300 subjects
from OPD after evaluation of their medical records (negative
serial enzyme-linked immunosorbent assay [ELISA]/Western
blot for HIV before 3 months of sample collection) as

HIV-negative controls and 300 HIV-positive subjects detected
by serial ELISA/Western blot method from ART center.
We used power analysis method for sample selection at 5%
significance level for 95% confidence.

Ethical approval

The protocol study was approved by the Institutional Ethics
Committee (No. IEC/Pharm/902/2013) and the National AIDS
Control Organisation Delhi, India (T-11020/67/2011-NACO).

Inclusion criteria

All participants were 20 years of age or older HIV-positive
patients detected by serial ELISA/Western blot method and
were included in this study after getting their informed consent.
The family history of all subjects was recorded, and the subjects
without any diabetes history were chosen. Normal control
HIV-negative subjects (n = 300), who are negative to ELISA/
Western blot test for HIV before 3 months of sample collection,
were selected from the outpatient department of Sir J J Group
of Hospitals, Mumbai, Maharashtra, India.

Exclusion criteria

Exclusion criteria included pregnant women, patients with
chronic diseases such as hepatitis, diabetes or family history
of diabetes, renal impairment, cardiovascular comorbidities,
neurological psychiatric disorders, various malignancies, as
well as heavy smokers, alcoholics, and tobacco-chewers,
and HIV patients with the withdrawal of combination ART.
The demographic details were collected from each patient
and entered into the pro forma. Subsequent to this, a detailed
history was taken.

Sample collection

Venous blood samples were collected in plain and lithium
heparin vacutainers as an anticoagulant. Blood was
centrifuged (4000 g, 10 min, 4°C) to separate the plasma. The
collected plasma was stored at —70°C with aseptic precautions.
Plain blood samples 2 h after collection were centrifuged at
3000 rpm for 5 min; serum was separated and collected in
sterile tubes.

Different treatment regimens as per the National AIDS
Control Organisation guidelines

The list of ART administered to Indian HIV-1 patients is As
shown in Table 1.

Biochemical methods

Determination of blood glucose

Fasting blood glucose levels were estimated using the
hexokinase (enzymatic) method spectrophotometrically in
R x L dimension automated equipment.

Determination of fasting insulin

Fasting insulin was determined using Immulite 1000 Insulin
kit from Siemens using chemiluminescence. We used the
homeostasis model assessment-IR (HOMA-IR) index,[!63%
first described by Matthews et al. in 1985 to determine IR.
The formula used to calculate HOMA-IR was:
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Table 1: List of Antiretroviral Therapy used in HIV/
AIDS patients

First-line therapy

Second-line therapy

Tenofovir Tenofovir

Lamivudine Lamivudine

Efavirenz Ritonavir
Atazanavir

HOMA-IR = Fasting insulin (mU/L) X fasting plasma
glucose (mmol/L)/22.5

We assumed an HOMA-IR value of >2.8 to define IR, from
previous studies on IR.>¢

Determination of deoxy nucleic acid damage marker
8-hydroxy-2-deoxyguanosine

We used plasma levels of the oxidized base, 8-OHdG,
as our biomarker of oxidative damage.?” 8-OHdG was
measured with the highly sensitive 8-OHdG check ELISA
kit (StressXpress ELA Kit). StressMarq’s 8-OHdG ELA is a
competitive assay that can be used for the quantification of
8-OHdG in urine, cell culture, plasma, and saliva. The ELA
utilizes an anti-mouse IgG-coated plate and tracer consisting
of an 8-OHdG enzyme conjugate. It is important to note that
the OHdG antibody used in this assay recognizes both free
8-OHdG and DNA-incorporated 8-OHdG. Since samples
such as plasma, cell lysates and tissues contains mixtures of
DNA incorporated 8 OHdG fragments and free 8 OHdG. The
assay is based on the competition between 8-OHdG and an
8-OHdG-acetylcholinesterase (AChE) conjugate (8-OHdG
tracer) for a limited amount of 8-OHdG monoclonal antibody.
Because the concentration of 8-OHdG tracer is held constant
while the concentration of 8-OHdG varies, the amount of
8-OHdG tracer that can bind to the 8-OHdG monoclonal
antibody will be inversely proportional to the concentration of
8-OHdG in the well. This antibody-8-OHdG complex binds to
goat polyclonal anti-mouse IgG that is previously attached to the
well. The plate is washed to remove any unbound reagent and
then Ellman’s Reagent (which contains the substrate to AChE)
is added to the well. The product of this enzymatic reaction
has a distinct yellow color and absorbs strongly at 412 nm.
The intensity of this color, determined spectrophotometrically,
is proportional to the amount of 8-OHdG tracer bound to the
well, which is inversely proportional to the amount of free
8-OHdG present in the well during the incubation. Procedures
were followed as manufacturer’s instructions.

Preparation of data

Average absorbance reading of the Non-Specific Binding
(NSB) well and average absorbance reading of B wells were
determined. Then, we subtracted the average NSB readings
from average B readings and calculated %B/B, (% of Sample
or Standard Bound/Maximum Bound). Then, we obtained a
standard curve plot %B/B, for standards using 4-parameter
logistic equations. The sample concentration was determined
using above equation.

Statistical methods

Student’s 7-test was performed to assess differences
between two means. Statistical analysis was performed
using Epi-Info 7 statistical software for medical research
studies (Atlanta, Georgia, USA). Differences in means
between groups were tested using independent-sample
t-tests. We calculated the 95% confidence interval (CI) for
the difference between the population means. Mann—Whitney
test for nonparametric continuous variables, Chi-square or
Fisher’s exact test for categorical variables were used to test
for statistical significance. We used linear regression method
for correlation of IR and DNA damage marker 8-OHdG.

ResuLts

A total of 600 (300 HIV-1 Positive and 300 HIV Negative)
subjects were included in this study. All the subjects were
divided into two age groups of 20—40 years and 40—60 years.

Insulin resistance

IR was significantly higher in HIV-1-positive patients with
ART than HIV-negative subjects. In this study, IR was
measured by HOMA-IR that is homeostatic model assessment
IR index. The mean HOMA for HIV-positive patients was
higher than that for HIV-negative subjects. The mean HOMA
for HIV-positive and ART not started in the age group of
20—40 years was 2.33 and in the age group of 40—60 years
was 2.90 (P < 0.01). The mean HOMA for HIV-positive
in both age groups of 20-40 years and 40-60 years with
ART (first line) were 5.79 and 8.78 and (second line) 7.00
and 8.10 (P < 0.01).

The prevalence of IR in ART-naive HIV-positive patients with
the age group of 2040 years was 11 (22%) and in the age
group of 40—60 years was 19 (38%). The IR was significant in
HIV-positive patients in both age groups of 2040 years and
40-60 years with ART (first line) were 27 (54%) and 34 (68%)
and (second line) 31 (62%) and 35 (70%) [Figure 1]. These
results show there was an increase in IR in HIV-positive patients
with ART than HIV-negative subjects.

Deoxy nucleic acid damage marker: 8-hydroxy-2-
deoxyguanosine

DNA damage was significantly higher in HIV-1-positive
patients with ART than HIV-negative subjects. In this study,
DNA damage marker 8-OHdG was measured by ELISA. The
mean 8-OHdG for HIV-positive patients was higher than that
for HIV-negative subjects. The mean 8-OHdG for HIV-positive
and ART not started in the age group of 20—40 years was
1.81 ng/ml and in the age group of 40—60 years was 1.95 ng/
ml (P <0.01). The mean 8-OHdG for HIV-positive in both age
groups of 20—40 years and 40—60 years with ART (first line)
were 2.50 ng/ml and 3.13 ng/ml and (second line) 2.79 ng/
ml and 3.27 ng/ml (P <0.01). ART accelerates DNA damage
in HIV-positive patients [Figure 2]. These results show there
was an increase in DNA damage in HIV-positive patients
with ART.
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Figure 1: Average HOMA-IR in Group 20-40 years and Group 40-60
years

Correlation of homeostasis model assessment-insulin
resistance and deoxy nucleic acid damage marker

In this study, we used linear regression method for the
correlation of IR with DNA damage. We observed that
increased IR was positively associated with the increased DNA
damage (odds ratio: 3.052, 95% CI: 2.595-3.509) P < 0.001.
Increased mean IR values were observed in HIV-positive
patients with ART first line and second line in both age
groups (20-40 years and 40-60 years) than ART-naive, and
controls similar pattern was observed with DNA damage
Marker 8-OHdG in HIV-positive patients with ART first line
and second line in both age groups (20—40 and 4060 years).

Discussion

As HIV-positive people survive longer, they are at increased
risk for a variety of non-AIDS conditions even when their CD4
cell counts are high. IR has been increasingly recognized in
HIV-infected individuals since the introduction of effective
ART.[1326311 TR (impaired insulin action) contributes many
disease processes. These include type 2 diabetes and cluster of
cardiovascular risk factors known as “metabolic syndrome,”
as well as polycystic ovarian syndrome, nonalcoholic fatty
liver disease.”*! Adipose tissue is a key target for ART in
inducing IR, as the metabolic syndrome described in patients
taking HAART consists of gross alterations in fat tissue
distribution and dyslipidemia, including elevated circulating
free fatty acid and glycerol levels. Adipose tissue is now
believed to play a major role in the pathogenesis of systemic
IR. In particular, free fatty acid and various adipose-derived
peptides (adipokines) have been identified as modulators
of whole-body insulin sensitivity. The systemic IR seen
in patients taking HAART also involves impaired insulin
responsiveness in skeletal muscle and liver.’?! In addition,
PI use among individuals from developed countries, usually
older males, has been associated with the development of
diabetes and hypertriglyceridemia.

In the pre cART era, several cross sectional studies reported
slightly increased or normal insulin sensitivity when compared
to uninfected controls.**! ART introduction led to increases
in fasting insulin and decreases in insulin sensitivity, effects
dependent both on the class of the antiretroviral used and the
different antiretrovirals within each class.!'¢3438]

DNA Damage Marker

350 313 321
£ 3.00 2.79.

u Group_20_40Yrs
g 1.00 +— 1 1 ] — = Group_40_60Yrs

ART First Line  ART Second Line ART Yet to Start Control
Antiretroviral Therapy Status

Figure 2: Average DNA damage marker 8 OHdG Group 20-40 years and
Group 40-60 years

As IR presence is associated with an increased risk of diabetes,
cardiovascular events, stroke, and death, the reduction of its
prevalence must be considered as an essential therapeutic target
in HIV patients undergoing ART.

Under normal physiological conditions in all aerobic organisms,
there is a balance maintained between endogenous oxidants and
numerous enzymatic and nonenzymatic antioxidant defenses.
When an imbalance occurs, oxidants produce extensive
oxidative damage to DNA, which, in turn, contributes to aging,
malignant tumors, and other degenerative diseases. In all living
cells, damaged DNA is repaired enzymatically so that they
regain their normal function, whereas misrepaired DNA can
result in mutations (base substitution, deletions, and strand
fragmentation) leading to carcinogenesis. Although a broad
range of DNA products are produced during oxidative damage
to DNA (bases and sugar modifications, covalent cross-links,
single and double-stranded breaks), most interest focused on
nucleobase modifications and especially on the abundant lesion
of 8-ox0-2-deoxyguanosine because it is formed in vivo and
can be measured quantitatively in cells following hydrolysis
of the DNA to component bases.

That oxidative stress-induced DNA lesions may contribute
to carcinogenesis is suggested by the increased cancer
susceptibility of persons with a variety of chronic inflammatory
diseases, such as ulcerative colitis, viral hepatitis, prostatitis,
Helicobacter pylori infection, parasitic diseases, and others.
In these diseases, cancer induction may be a pathological
consequence of elevated ROS levels which lead to increased
steady-state levels of oxidative DNA damage which in turn
leads to a higher risk of mutations that may activate oncogenes
or inactivate tumor suppressor genes.

The presence of persistent DNA lesions in tumor cells has
led many to propose that DNA damage markers are potential
biomarkers for screening ongoing oxidative stress and for
cancer diagnostics and prediction.”

In our study, we assessed IR and oxidative DNA damage
marker 8-OHdG in the HIV-infected population treated with
ART and compared them with those of untreated HIV patients
and HIV-negative subjects. The important observation of our
study was significantly increased IR and DNA damage in
HIV-positive patients taking first line ART and second line
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Figure 3: Correlation of HOMA-IR with DNA damage marker

ART than ART-naive and controls.[Figure 3]. Thus, there
was a positive correlation between these two biomarkers
in HIV-positive patients with ART. ART-induced increased
oxidative stress may be the cause of the IR and DNA damage in
HIV-positive patients. A better understanding of the mechanism
of ROS-induced IR and DNA damage will help develop
effective strategies to prevent and/or treat HIV infection.

Our study has some limitations as we could not do viral load
and follow-up study because of limited time and funding
source.

CoNncLUSIONS

Although the substantial benefits of combination ART
clearly outweigh the increase in cardiovascular risk
associated with this therapy, it must be borne in mind that
with progressive aging of the HIV-infected population and
the expected long-term use of combination ART, the need
will arise to prevent an increased incidence of IR in this
population. Increased IR increases risk of type 2 diabetes and
cardiovascular risk factors similarly increase in DNA damage
increases the opportunity of various types of cancers. Hence,
management of IR and DNA damage should be a prime
concern for health-care physicians.
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