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Abstract. – OBJECTIVE: Several chronic ill-
nesses, including HIV infection are associat-
ed with oxidative stress. In addition to HIV it-
self, some antiretrovirals also increase oxidative 
stress while decreasing viral replication. To in-
vestigate the alterations in oxidative stress pa-
rameters and thiol-disulphide homeostasis in 
people living with HIV who were receiving inte-
grase inhibitor-based antiretroviral therapy.

PATIENTS AND METHODS: Thirty treat-
ment-naive adult people living with HIV were 
prospectively enrolled in the study. Sera were 
collected from patients twice: at the beginning 
of antiretroviral therapy (group 1) and 6 months 
later (group 2). Thirty age-matched healthy vol-
unteers were enrolled in the study as the con-
trol group (group 3). Serum levels of total an-
tioxidant status (TAS) and total oxidative sta-
tus (TOS) were determined using an automated 
measurement method. Serum malondialdehyde 
(MDA) and protein carbonyl (PC) levels were 
measured spectrophotometrically. CD4+ T-cells 
were counted flow cytometrically. A mathemati-
cal equation was used to calculate the oxidative 
stress index (OSI) and determine disulfide lev-
els (DIS).

RESULTS: TOS, OSI, MDA, and PC levels were 
significantly increased in treatment-naive peo-
ple living with HIV than in those receiving ART 
(p<0.001). Total and native thiol were signifi-
cantly lower in both HIV-infected groups than 
in the control group (p<0.001). PC and MDA lev-
els were significantly higher in both HIV-infect-
ed groups than in the control group (p<0.001). 
In correlation analysis, MDA and age were neg-
atively correlated, whereas TAS was positive-
ly correlated with CD4+ T-cell count in treat-
ment-naive people living with HIV. Age was pos-
itively correlated with TOS (r:0.421, p:0.023) in 
healthy controls.

CONCLUSIONS: Integrase inhibitor-based an-
tiretroviral treatments decrease the oxidative 
stress caused by HIV infection and may be a 
good therapeutic option in people living with 
HIV.
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Introduction

Reactive oxygen species (ROS) are produced 
by living organisms as a result of cellular me-
tabolism. There is a balance between oxidants 
and antioxidants in the body ordinarily. A shift 
in the balance between oxidant/antioxidant status 
in favor of oxidants is termed “oxidative stress” 
(OS). OS can injure cells and tissues by lipid 
peroxidation, protein oxidation (PO), and DNA 
damage1-4. Human cells have several enzymatic 
and non-enzymatic antioxidants that can limit 
ROS associated damage5. 

Thiols, also known as native thiols, are import-
ant antioxidants that contain sulfhydryl groups 
(SH) and play a key role in the eradication of 
ROS. Thiol proteins account for 52.9% of serum 
total antioxidant status (TAS) in healthy individ-
uals6. Under OS, thiols release hydrogen into the 
environment and form a disulfide bond (S-S). The 
released hydrogen binds excess oxygen, leading 
to deactivation of ROS and thereby protect tis-
sues from oxidative damage. Normally, there is a 
balance between thiols and the disulphide (DIS) 
called dynamic thiol/disulphide homeostasis. OS 
occurs when this balance shifts towards the DIS2. 

Several chronic illnesses are associated with 
OS-related events, including HIV infection6-10. 
OS plays an important role both in the pathogen-
esis of HIV disease, and in the progression from 
the asymptomatic stage to the development of 
AIDS11,12. Several studies have reported that OS 
increases with HIV infection1,2,11-13. Furthermore, 
the HIV-1 transactivator of transcription (Tat) 
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protein induces increased ROS production via 
mitochondrial generation of superoxide anion, 
that activates nuclear factor ƙB (NF-ƙB). NF-ƙB 
is involved in transcription2. Due to the activated 
transcription factors caused by the increased ex-
posure to ROS, adaptive responses are triggered, 
apoptosis is initiated, and cells become more re-
sistant to insults. Increased ROS results in more 
mitochondrial damage, and the cell cycle halts 
to enable DNA repair14. Ongoing OS was also 
found to be a predictor of all-cause mortality in 
people living with HIV. It is independent of the 
established HIV-associated predictors such as 
CD4+ T-cell count, HIV viral load and subclinical 
inflammation11. 

Antiretroviral drugs are classified according 
to steps they block in the HIV life cycle. In-
tegrase inhibitor-based antiretroviral treatments 
are preferred regimens in recent guidelines15. 
Uncontrolled viral replication was not associated 
with increased OS, however different classes of 
antiretroviral treatment (ART) were shown to 
induce OS via several biochemical reactions. For 
example, mitochondrial toxicity following nucle-
oside reverse transcriptase inhibitor  (NRTI) use 
and activation of the cytochrome P450 hepatic 
enzyme system by protease inhibitors (PIs)2,5,8. 
Despite this, OS induced by ART is thought to 
be less than OS induced by HIV infection1. No 
increase in OS with integrase inhibitor use was 
detected in cell culture investigations16.  

Besides HIV, several disease states, especially 
age-related ones that cause chronic inflammation, 
such as atherosclerosis, cardiovascular diseases, 
cancer, neurodegenerative disorders are associ-
ated with oxidation and modification of thiols17. 
Age-dependent plasma oxidation can occur even 
in healthy individuals18,19. With recent improve-
ments in ART, people living with HIV can have 
a life expectancy approximately in line with that 
of the general population20. People living with 
HIV develop age-related complications such as 
atherosclerosis, diabetes, and neurodegenerative 
disorders earlier than those without HIV2. Aging 
people living with HIV are exposed to more ROS 
produced by HIV and ART in addition to ongoing 
age-dependent oxidation. Thus, the leading cause 
of mortality in people living with HIV who are 
receiving ART is cardiovascular diseases, pos-
sibly owing to underlying chronic inflammation 
triggered by ROS21. 

This study aimed to determine the direct effect 
of integrase inhibitor-based ART on thiol/disul-
fide homeostasis and OS parameters. We assessed 

a group of ART-naive people living with HIV be-
fore and 6 months after ART initiation compared 
with a group of matched healthy controls. 

Patients and Methods

Study Population
This observational study was approved by the 

Local Ethical Committee of Bezmialem Vakif 
University, Istanbul, Turkey (No: 71306642/050-
01-04/119). We prospectively enrolled 30 adult 
people living with HIV (≥18 years) who volun-
teered to participate in the study between 2017-
2018, independent of ART status. We followed-up 
them for 6 months. All participants provided 
written informed consent before the study. Exclu-
sion criteria included co-infections such as hepa-
titis and other opportunistic infections that could 
affect OS parameters. Sera were collected from 
patients twice: at the beginning of ART (group 
1) and 6 months after ART initiation (group 2). 
ART regimens were chosen according to recent 
HIV guidelines for each patient independent of 
the study. Thirty age-matched healthy volunteers 
were enrolled as the control group (group 3). 

Biochemical Analyses
Serum levels of total antioxidant status 

(TAS), total oxidative status (TOS), total thiol 
(TT), and native thiol (NT) were determined 
using automated photometric methods (Erel O, 
Rel Assay®, Turkey). Serum malondialdehyde 
(MDA) and protein carbonyl (PC) contents 
were measured spectrophotometrically. CD4+ 

T-cells were counted using a flow cytometry 
(BD, FACS-CANTO II, Biosciences, Franklin 
Lakes, NJ, USA). OS index (OSI) was calcu-
lated according to the following formula: OSI 
(Arbitrary Unit)=TOS (µmol H2O2 Eq/L)/ TAS 
(mmol Trolox Eq/L). Disulfide (DIS) concentra-
tions were calculated as half of the difference 
between levels of the TT and NT.

Statistical Analysis 
Data distribution was assessed using the Sha-

piro-Wilk test. Normally distributed paired com-
parisons were performed using paired t-tests, 
and non-normally distributed paired compari-
sons were performed using the Wilcoxon test. 
Student’s t-tests and the Mann Whitney U tests 
were used to compare two independent groups. 
Spearman’s rank correlation coefficients were 
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calculated. Statistical analysis of all data was 
performed using SPSS version 22.0 (SPSS, IBM; 
Armonk, NY, USA), and p≤0.05 was considered 
statistically significant; 95% confidence intervals 
were also reported.

Results

Characteristics of patients and healthy con-
trols are summarized in Table I. Differences in 
all OS parameters except TAS and DIS were 
statistically significant on comparing groups 1 
and 3 (Table II).  

TT and NT levels were significantly lower in 
both people living with HIV groups than in the 
control group (p<0.001). Additionally, TT and 
NT levels were significantly lower in treatment 
naive people living with HIV, compared with 
levels at 6 months after ART initiation (p<0.001). 

There were significant differences in DIS levels 
when comparing groups 1 and 3 (p:0.049) and 
comparing groups 2 and 3 (p:0.048). But no 
significant difference was detected in DIS levels 
between groups 1 and 2 (p:0.49). PC and MDA 
levels were significantly higher in people living 
with HIV than in healthy controls (p<0.001). PC 
and MDA levels were also significantly higher 
in treatment naive people living with HIV com-
pared with levels at 6 months after ART initiation 
(p<0.001).

Correlation analyses showed that MDA and 
age were negatively correlated, whereas TAS 
was positively correlated with CD4+ T-cell 
count in group 1 (Table III). Age was negative-
ly correlated with CD4+ T-cells in group 2. Age 
was positively correlated with TOS (r:0.421, 
p:0.023) and TT (r:0.461, p:0.01) but negative-
ly correlated with PC (r: -0.416, p:0.022) in 
healthy controls. 

Table I. Characteristics of study groups.

		  Group 1	 Group 2
		  ART-Naive	 on ART	 Controls
	 Parameters	 No. 30	 No. 30	 No. 30

Age, mean (± STD)	 38.7 (± 10.3 )	 38.7 (± 10.3 )	 38.7 (± 10.3 )
Gender, men, n (%)	 26 (86.7)	 26 (86.7)	 26 (86.7)
HIV-RNA (IU/mL) mean (± STD)	 2,973,036 (± 9,040,487)	 136 (± 389)	 NA†

CD4+ T-cell count (cells/mm³) mean (± STD)	 370 (± 334)	 581 ± 358	 NA†

Antiretroviral treatment n (%)
• TDF/FTC/EVGc	 10 (33.3)	 10 (33.3)	 NA†

• TAF/FTC/EVGc	   7 (23.3)	   7 (23.3)	
• TDF/FTC+DTG	 11 (36.6)	 11 (36.6)	
• ABC/3TC/DTG	   2 (6.6)	   2 (6.6)	

†NA: not applicable. HIV: human immunodeficiency virus, STD: standard deviation, TDF: Tenofovir Disoproxil Fumarate, 
FTC: Emtricitabine, EVGc: Elvitegravir-cobicistat, TAF: Tenofovir Alafenamide, DTG: Dolutegravir, ABC: Abacavir.

Table II. Comparison of mean values of oxidative stress parameters of study groups.

		  Mean (± SD)	 Mean (± SD)	 Mean (± SD)
	 Parameters	 Group 1-Naive	 Group 2-on ART	 Group 3-Control

TAS (mmol Trolox Eq/L)	 1.87 (± 2.56)‡	 2.03 (± 2.45)‡	 2.09 (± 2.46)
TOS (µmol H2O2 Eq/L)	 20.49 (± 5.65)§‡	 12.05 (± 4.07)‡	 11.14 (± 3.41)
OSI (Arbitrary Units)	 24.83 (± 18.02)§‡	 10.25 (± 5.89)‡	 7.38 (± 4.13)
DIS (µmol/L)	 27.4 (± 107.74)‡	 45.1 (± 108.15)‡	 23.3 (± 91.86)
MDA (nmol/mL)	 18.3 (± 6.76§‡	 10.9 (± 6.66)‡	 7.6 (± 5.96)
PC (nmol/mg protein)	 1339.9 (± 486.75)§‡	 959.1 (± 365.48)‡	 911 (± 313.15)
TT (µmol/L)	 351.7 (± 146)§‡	 473.6 (±1 78.11)‡	 586.7 (± 13.22)
NT (µmol/L)	 296.9 (± 137.97)§‡	 383.5 (± 161.05)‡	 540.1 (± 136.79)
CD4+ T-cell (mm³)	 371 (± 335)§	 581 (± 358)	 NA†

†NA: not applicable; §: p<0.01 comparison with group 2; ‡: p<0.05 comparison with group 3.
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Discussion

We found increased OS, OSI, MDA, and PC 
levels but decreased TAS, TT, and NT levels in 
treatment-naive people living with HIV com-
pared with those in healthy controls. These find-
ings are consistent with those of most previous 
studies11-13. However, OS was not increased as 
expected, but rather decreased with the use of 
integrase inhibitor-based ART for 6 months. This 
is in contrast with previous researches of patients 
using non-integrase inhibitor-based ART. Wan-
chu et al22 reported increased OS in people living 
with HIV based on lipid peroxidation, whereas 
no significant difference in OS parameters was 
reported with ART consisting of two NRTI and 
one non-nucleoside reverse transcriptase inhibi-
tor (NNRTI). In a study from Cameroon, using 
a combination of NRTIs and NNRTIs, both HIV 
infection and ART were found to increase OS pa-
rameters, whereas ART compounded this effect 
by lipid oxidation23. Despite these studies, Hulgan 
et al8 suggest that therapeutic control of HIV rep-
lication by ART including PI, NRTI, and NNRTI, 
rather than HIV infection, was associated with 
increased OS. NRTIs and NNRTIs are associated 
with mitochondrial dysfunction, whereas PIs are 
associated with the activation of the P450 hepatic 
enzyme system24. In another study that evaluat-
ed OS, inflammation, and endothelial function, 
OS was not found to differ between NRTIs and 
NNRTIs, whereas significant differences were 
detected between the control25. 

Furthermore, OS, OSI, MDA, PC, and DIS 
levels were significantly increased on compar-
ing people living with HIV receiving ART with 
healthy controls in our study. Although most 
of our patients were virologically suppressed at 
6 months after ART initiation, OS parameters 

remained elevated when compared with those in 
healthy controls. However, it is unclear, if these 
levels would decline further after more than 6 
months of ART. 

In our report, increased OS due to HIV infec-
tion was associated with significant thiol deple-
tion in ART-naive people living with HIV, which 
is consistent with findings of previous research-
es26. However, both OS and thiol depletion were 
lower in the ART group than in the ART-naive 
people living with the HIV group, although they 
remained higher in the ART group than in the 
control group. TAS was also significantly de-
creased in ART-naive patients. Because thiols are 
the largest component of the antioxidant system, 
this was an expected result. There was a trend 
towards an increase in TAS with ART. This sug-
gests that HIV infection directly affects TAS lev-
els regardless of ART. This antioxidant deficien-
cy in HIV-1 seropositive population is probably 
due to depletion of antioxidant molecules. They 
are consumed in the process of protecting cells 
against ROS induced oxidative damage which 
is related to the advancement of the disease to 
AIDS. A weakened antioxidant defense system, 
in turn, could lead to further enhancement in 
lipid peroxidation22,27. In a study from Nigeria, 
antioxidant levels were significantly reduced in 
HIV-infected patients but were also improved in 
people living with HIV receiving ART28. 

CD4+ T-cell count is negatively correlated 
with MDA concentration (r: -0.515, p: 0.001) in 
ART-naive people living with HIV. This is simi-
lar to the results found in HIV-infected children 
in a previous study29. This finding is further 
confirmed by another study showing a negative 
correlation between Center for Disease Control 
(CDC) illness classifications and MDA levels30. 
Age and CD4+ T-cell count (r: -0.371, p: 0.048) 

Table III. Correlation of CD4+ T cell with other parameters in group 1.

	 Parameters	 The correlation coefficient (r)	 p-value

TOS 	 -0.007	 0.97
TAS 	 0.381	 0.038*
OSI 	 -0.186	 0.325
TT 	 0.066	 0.729
NT 	 0.188	 0.319
DIS 	 0.002	 0.993
MDA	 -0.582	 0.001*
PC 	 -0.031	 0.869
Age 	 -0.371	 0.048*

*: Statistically significant at p<0.05.
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were also negatively correlated in ART-naive 
people living with HIV. With age-related per-
spective, both an unavoidable reduction in T-cell 
production occurs, and existing naive T cells 
may also become intrinsically dysfunctional in 
all populations31. These may be the causes of 
the negative correlation between the CD4+ T cell 
count and age. Age was also negatively correlat-
ed with the CD4+ T-cell count in group 2. The 
CD4+ T-cell response after ART initiation may be 
delayed and weakened in older patients because 
of decreased T-cell production. Moreover, age 
was positively correlated with TOS in healthy 
controls, which is in keeping with findings from 
previous studies18,19. Aging has been described 
as a low-grade inflammatory state, termed as 
“inflammaging”, which may guide us in ART se-
lection that will not further increase OS in aging 
people living with HIV, although we could not 
show a correlation between age and OS in people 
living with HIV in our study32. 

The limitation of our paper is the small size 
of the study population, which did not allow us 
to compare elvitegravir-based regimens with do-
lutegravir-based ones. Further clinical researches 
are needed to investigate the long-term effects of 
integrase inhibitor-based ART.

This is the first study showing the decrease in 
OS parameters with ART in people living with 
HIV. OS plays critical role in most chronic dis-
eases such as HIV. So clinicians may prefer to 
follow up the OS levels as well, for better clinical 
outcomes in these chronic diseases.

Conclusions

We suggest that integrase inhibitor-based ART 
decreases the OS caused by HIV infection. Peo-
ple living with HIV need a lifelong treatment, 
integrase inhibitor-based ART may be a good 
therapeutic option.
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