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ARTICLE INFO ABSTRACT
Article history: The aim of this study was to assess the effect of lipodystrophy (LD) associated to metabolic syndrome (MS)
Received 4 September 2020 on oxidative stress and inflammation in a cohort of 243 HIV-infected patients with MS, all of them under

Accepted 23 November 2020 three different antiretroviral regimens. We collected immunovirological, biochemical and metabolic data,

as well as anthropometric measurements. In addition, cardiovascular risk was also assessed by means
of Atherogenic Index of Plasma (API) and Framingham Risk Score. The MS-LD patient set was charac-
- terized by a lower initial lymphocyte CD4 count and CD4/CD8 ratio and a higher initial viral load than
??;;zl;zltlrco?g;drome the group without LD. We also found worse lipidic and glycaemic profiles (with lower HDL-cholesterol
HIV and higher triglyceride and glucose levels) in the MS-LD group. BMI, systolic blood pressure and Fram-
Protease inhibitors ingham score were significantly increased compared to MS-Non LD. In addition, patients with MS and
Inflammation LD had significantly higher levels of carbonylated proteins, lipid peroxidation, IL-6 and IL-8, as well as
a significant decrease in the levels of leptin, adiponectin and antioxidant activities of catalase, super
oxide dismutase and glutathione associated enzymes. In MS-LD HIV-1 patients, a significant negative
correlation was found between Framingham Risk Score and the antioxidant biomarkers, however a pos-
itive association was found between API and protein-C reactive and carbonylated proteins. Segregating
by ART, the above-mentioned conditions were worse within the MS-LD group whose treatment con-
tained protease inhibitors, such as lopinavir. In conclusion, HIV-1 infected patients treated for at least
six months, especially with regimens including Pls, showed a worsening of inflammatory process and

oxidative stress.
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Efecto sinérgico del sindrome metabdlico y la lipodistrofia en el estrés oxidativo
y el proceso de inflamacién en pacientes con VIH que reciben tratamiento

RESUMEN

Palabras clave: El objetivo de este estudio fue evaluar el efecto de la lipodistrofia (LD) asociada al sindrome metabdlico
S}de?me metabdlico (SM) en el estrés oxidativo y la inflamacién en una cohorte de 243 pacientes con VIH y SM, todos en
Lipodistrofia tratamiento con pautas antirretrovirales diferentes. Recopilamos datos inmunovirolégicos, bioquimicos

VIH y metabdlicos, asi como medidas antropométricas. Ademas, el riesgo cardiovascular también se evalud
Inhibidores de la proteasa . P L. ‘. . .
Inflamacién mediante el indice de plasma aterogénico (API) y la puntuacién de riesgo de Framingham. El grupo de

pacientes con SM-LD se caracterizé por un recuento inicial de linfocitos CD4 y una relacién CD4/CD8 infe-
riores y una carga virica inicial mas alta que el grupo sin LD. También observamos peores perfiles lipidicos
y glucémicos (con menor colesterol HDL y niveles mas altos de triglicéridos y glucosa) en el grupo de
SM-LD. El IMC, la presién arterial sist6lica y la puntuacién de Framingham aumentaron significativa-
mente en comparacién con el grupo de SM-sin LD. Ademas, los pacientes con SM y LD tenian niveles
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significativamente mads altos de proteinas carboniladas, peroxidacién lipidica, IL-6 e IL-8, asi como una
disminucién significativa de los niveles de leptina, adiponectina y actividades antioxidantes de la catalasa,
superéxido dismutasa y enzimas asociadas al glutatién. En los pacientes con SM-LD VIH-1, se observd
una correlacién negativa significativa entre la puntuacién de riesgo de Framingham y los biomarcadores
antioxidantes, sin embargo, se observé una asociacién positiva entre el API y la proteina C reactiva y
las proteinas carboniladas. Al segregarse por ART, las condiciones mencionadas anteriormente fueron
peores en el grupo de SM-LD, cuyo tratamiento incluia inhibidores de la proteasa, como el lopinavir. En
conclusién, los pacientes con VIH-1 tratados durante al menos seis meses, especialmente con pautas que
incluian IP, mostraron un empeoramiento del proceso inflamatorio y el estrés oxidativo.

© 2020 Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica. Publicado por Elsevier

Espaiia, S.L.U. Todos los derechos reservados.

Introduction

Combined antiretroviral therapy (ART) for those patients
infected with HIV has positively impacted on HIV-infected adults’
mortality, with a substantial decline since the mid-1990s.!2
Moreover, the combination of different antiretroviral agents has
represented a significant improvement of life expectancy and qual-
ity. However, the rise in longevity subsequently involves a greater
likelihood of developing aging-associated and non-infectious dis-
eases similar to the general population, such as cardio-metabolic
disorders.>-6 When these metabolic conditions cluster and mani-
fest together, they are defined as a metabolic syndrome (MS), which
includes abdominal obesity, insulin resistance, glucose intolerance,
dyslipidaemia and hypertension. The importance of MS lies in the
power to predict future cardiovascular diseases, such as heart dis-
ease and stroke, as well as type 2 diabetes mellitus (T2DM).”

The viral infection itself, through chronic inflammation and
immune dysfunction, and, especially, the use of ART is associated
with MS and body fat redistribution or lipodystrophy (LD).!:6:8-13
Moreover, certain ART regimens, particularly those based on pro-
tease inhibitors (PIs), were found to increase MS prevalence.% 41>
However, establishing a precise figure of prevalence of MS in the
HIV-infected population is not possible due to the considerable
heterogeneity in the diagnostic criteria for MS.°

LD and MS are often associated in HIV-infected patients under
antiretroviral treatment, but the former does not seem to be a pre-
disposing factor for the latter.'®!” However, LD should be defined
as a syndrome characterized not only by body shape changes with
generalized or partial absence of adipose tissue, but also by other
metabolic issues, some of them common to those in MS, such as
a significantly higher prevalence of insulin resistance (and hyper-
triglyceridemia) and hyperlipidaemia with low HDL-C levels.!7-20

In HIV-1 cohorts, metabolic and morphological changes are
proved to be subordinate to hormonal and adipokine levels;
hypoadiponectinemia appears to be associated with insulin resis-
tance and lipid disorders.2’22 In addition, leptin plasma values
seem to depend on LD pattern; leptin deficiency is clearly correlated
with lipoatrophy while higher leptin levels are linked to mixed
forms of lipodystrophy besides central lipoaccumulation.?!23
Regarding the inflammatory markers, IL-6 and C-reactive protein
levels are significantly higher in patients with MS.%2

In this study, we analyze the role of ART over the immune system
activation and influence on oxidative stress when HIV-1 infected
patients are suffering MS and LD simultaneously.

Methods
Study population

The study was undertaken at the Regional Hospital Carlos Haya,
Malaga, in southern Spain, from January of 2011 to December

of 2012. The cohort comprised 243 HIV-infected patients diag-
nosed with MS, and on stable (uninterrupted) and first-line ART,
treated for at least six months (a mean of 28.6 months; IQR:
6-78 months). Patients having MS fulfilled three or more of
the following factors, according to the International Diabetes
Federation (IDF) criteria: triglycerides (TG)>150mg/dL, HDL-
cholesterol <40 mg/dL in men and <50 mg/dL in women, systolic
blood pressure (SBP)>130mmHg and/or diastolic blood pres-
sure (DBP)>85 mmHg, fasting glucose > 110 mg/dL, and obesity as
defined by a waist circumference >94 cm in men and >80cm in
women.2*

Antiretroviral regimen of our patients was composed
by one of the following combinations: (a) two nucleo-
side reverse transcriptase inhibitors (NRTIs) plus a boosted
PI:  Tenofovir/emtricitabine +lopinavir/ritonavir; and two
different ART strategies consisting of two NRTIs plus
non-nucleoside reverse transcriptase inhibitors (NNRTIs):
(b)  Tenofovir/emtricitabina + efavirenz, and (c)  Aba-
cavir/lamivudina + efavirenz.

We segregated the patients within the cohort according to the
presence or not of lipodystrophy, which was evaluated by clinical
examination. We did not make any difference among LD patterns
(lipoatrophy, lipohypertrophy or mixed forms), because of the lack
of significant differences between them.

As exclusion criteria, we considered different conditions with
impact on anthropometric or biochemical measures: Clinical signs
and symptoms of acute inflammation or other concomitant infec-
tions 6 months prior to inclusion in the study, as well as the
presence of AIDS events within the three months prior to inclu-
sion; lactic acidosis induced by antiretroviral drugs; obese patients
(BMI>30kg/m?), organic disease (i.e., renal or respiratory failures),
which altered the analysis of the parameters of oxidative stress and
proinflammatory cytokines; and active drugs addiction. In addi-
tion, use of non-steroidal anti-inflammatory drugs (NSAIDs) and/or
statins were also considered as exclusion criterium. Patients who
stopped ART or switched from PI to NNRTI or vice versa during the
study period were also excluded.

This study was performed in line with the principles of the Dec-
laration of Helsinki. In addition, approval was obtained by the Ethics
and Research Committee of the Regional University Hospital Carlos
Haya, Malaga, Spain. All the patients included signed an Informed
Consent, containing explicit agreement to use the clinical, anthro-
pometrical, and laboratory data under confidentiality and being
anonymized, as performed here.

Laboratory measurements

Blood samples from all subjects were collected after a 12-
hour fast. Serum was separated and immediately frozen at -80°C.
Biochemical parameters of duplicate serum samples were mea-
sured by standard enzymatic methods (Randox Laboratories Ltd.,
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Table 1

Anthropometric, biochemical and metabolic variables, as well as cardiovascular risk factors in the 243 HIV-infected patients with metabolic syndrome and comparison of

the groups with and without lipodystrophy.
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Variables Cohort segregation p-Value
MS-LD MS-non LD
Number of patients 119(49.0) 124(51.0) -
Male gender 47(39.5) 56(45.16) NS
Age (years) 43.5+7.1 43.44+10.9 NS
Smokers (n=80) 42(35.0) 38(31.0)
DBP (mmHg) 87.1+10.7 85.1+8.1 NS
SBP (mmHg) 141.0+8.1 131.1£9.3 <0.001
Treatment duration (months) 31.9+10.8 29.8+8.9 NS
Inmunovirological status
Nadir lymphocyte CD4 count (cells/uL) 294.2 £50.1 291.6+54.4 NS
Initial lymphocyte CD4 count 530+56 589+53 <0.001
Initial viral load (copies/mL) 291.1+£39.7 249.6+44.2 <0.001
CD4/CDS8 ratio 0.5+ 0.2 0.6+0.3 <0.001
Anthropometric measurements
BMI (kg/m?) 28.5+7.6 243+6.1 <0.001
Hip (cm) 99.2+11.6 94.5+6.4 0.016
Waist (cm) 92.3+8.7 84.1+5.8 <0.001
Waist-hip ratio 1.1+0.06 1.1+£0.05 NS
Weight (kg) 78.5+9.4 65.1+8.8 <0.001
Biochemical and metabolic variables
Creatinine (mg/dL) 0.9+0.2 1.1+£0.8 NS
Uric acid (mg/dL) 47+1.1 45+1.5 NS
CPR (mg/dL) 29421 21428 NS
HDL-cholesterol (mg/dL) 42.1+13.2 475+11.2 0.034
LDL-cholesterol (mg/dL) 137.4+41.6 134.1+30.5 NS
Total cholesterol (mg/dL) 207.4+289 204.0+27.7 NS
Triglycerides (mg/dL) 180.9+16.7 157.5+£12.5 <0.001
Glucose (mg/dL) 1263+11.8 108.7+12.2 <0.001
Cardiovascular risk assessments
Atherogenic Index of Plasma 44+0.8 43+1.1 NS
Framinghan Risk Score (%) 6.1+5.1 3.5+4.8 0.014

The quantitative variables are expressed as mean & SD, and the qualitative variables in n (%).
Abbreviations: BMI: body mass index; CPR: C-reactive protein; DBP: diastolic blood pressure; HIV: human immunodeficiency virus; HOMA-IR: homeostasis model assessment
of insulin resistance; LD: lipodystrophy; MS: metabolic syndrome; NS: non-significant; SBP: systolic blood pressure.

Antrim, UK). Low-density lipoprotein cholesterol (LDL) was cal-
culated by the Friedewald formula. Meanwhile, leptin, C-reactive
protein (CPR), adiponectin, IL-6 and IL-8 were analyzed by enzyme
immunoassay kits (DSL, Webster, TX, and DRG Diagnostics, respec-
tively). We also used commercial kits (Cayman Chemical, Ann
Arbor, MI) to determine in plasma total antioxidant capacity (TAC),
and the activities of glutathione peroxidase (GSH-Px), glutathione
reductase (GSH-Rd), glutathione S-transferase (GSH-Tf), superox-
ide dismutase (SOD), carbonylated proteins, lipoperoxides (LPO)
and catalase (CAT).

Atherogenic index of plasma (AIP)

AIP predicts cardiovascular risk, as a reflection of the balance
between the atherogenic and protective lipoproteins.?> AIP is the
result of Log (TG/HDL_C), considering AIP<0.11 as low risk; AIP
between 0.11 and 0.21, intermediate risk; and AIP>0.21 with
increased risk.

Framingham risk score

The Framingham Risk Score is a gender-specific algorithm used
to estimate the 10-year cardiovascular risk of an individual, iden-
tifying men and women at increased risk for future cardiovascular
events.2® Coronary heart disease (CHD) risk at 10 years can be cal-
culated with the help of the Framingham Risk Score; individuals
with low risk have 10% or less CHD risk at 10 years, 10-20% for
intermediate risk, and high risk when 20% or more.

Statistical analysis

The statistical analysis was performed with SPSS v.11.5 for
Windows (Chicago, IL, USA). The comparison of groups with and
without LD within the HIV-infected and MS cohort was per-
formed by the non-parametric Mann-Whitney test. In addition, the
Kruskal-Wallis test was employed to compare variables among the
three different ART regimen-based groups. The Spearman correla-
tion coefficient was calculated to estimate the correlation among
variables. Comparative values were considered to be statistically
significant when the test result was <0.05. The results are given as
the mean =+ standard deviation (SD).

Results

Anthropometric, biochemical and immunovirological
characteristics

The overall cohort, comprising 243 HIV-infected patients with
MS was segregated, according to the presence or not of LD, into
two groups of 119 and 124 individuals respectively. Anthropomet-
ric, biochemical and metabolic characteristics of both groups are
shown in Table 1. Within the MS with LD group (hereinafter MS-LD
group), lipoatrophy was the most frequent pattern (45%), followed
by a mixed pattern (34%) and finally, by lipohypertrophy (21%). The
MS-LD patients set was characterized by an initial lymphocyte CD4
count and CD4/CD8 ratio lower, and higher initial viral load than the
other group without LD (530456 vs. 589+ 53 cells/L, p<0.001;
0.5 vs. 0.6, p<0.001; and 291.1 £39.7 vs. 249.6 +44.2 copies/mL,
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Table 2

Inflammation and oxidative stress variables in the cohort, segregating by the presence or not of lipodystrophy.
Variables Cohort segregation p-Value

MS-LD MS-Non LD

Adiponectin (g/mL) 11.0+ 34 129 +£ 3.2 0.022
Carbonylated proteins (nmol/mL) 184.7 + 90.1 61.1 + 26.6 <0.001
CAT (nmol/min/mL) 552 + 19.6 59.8 + 16.2 0.034
GSH-Px (nmol/min/mL) 625.8 + 86.4 822.0 +£94.2 <0.001
GSH-Rd (nmol/min/mL) 635.3 + 1164 687.7 £ 119.4 0.019
GSH-Tr (nmol/min/mL) 37+£19 43 £ 24 NS
IL-6 (pg/mL) 47 +£ 2.1 27+15 <0.001
IL-8 (ng/mL) 1.9+038 1.6 £ 05 0.026
Leptin (ng/mL) 25+ 1.8 46+ 1.9 <0.001
LPO (M) 84 +22 6.6 +2.4 <0.001
SOD (U/mL) 28 £0.7 33+038 0.008
TAC (mM) 1.7 £ 0.2 1.8 £0.2 0.031

The quantitative variables are expressed as mean + SD.

Abbreviations: CAT: catalase activity; GSH-Px: glutathione peroxidase activity; GSH-Rd: glutathione reductase activity; GSH-Tr: glutathione S-transferase activity; LD:
lipodystrophy; LPO: lipid peroxidation; MS: metabolic syndrome; SOD: superoxide dismutase activity; TAC: total antioxidant capacity.

Table 3

Correlation between inflammatory and oxidative stress biomarkers with Atherogenic Index of Plasma and Framingham Risk Score, in HIV-1 patients with MS according to

the presence or not of lipodystrophy.

HIV-1 patients with metabolic syndrome (n=243)

LD (n=119)
PCR CP GSH-Px GSH-Rd TAC
Framingham (%) —0.886" —0.6201
AIP 0.333¢ 0.9007 -0.8211 —0.9991 —0.8251
Non-LD (n=124)
Adiponectin IL-6 PCR CAT GSH-Px GSH-Rd TAC
Framingham (%) 0284 0.438* ~0.264¢ —0.658
AIP 0.4751 0.3339 -0.414 —0.869" —0.742°

Abbreviations: CAT: catalase activity; CP: carbonylated proteins; GSH-Px: glutathione peroxidase activity; GSH-Rd: glutathione reductase activity; GSH-Tr: glutathione S-
transferase activity; LD: lipodystrophy; PCR: reactive C protein TAC: total antioxidant capacity.

Pearson correlation coefficient:
* p<0.001.
¥ p<0.05.

p<0.001, respectively). We also found in the MS-LD group lower
HDL-cholesterol levels whereas waist, hip, weight, BMI, systolic
blood pressure, CRP, triglycerides, glucose values and Framing-
ham score was significantly increased compared to the MS-Non-LD
(Table 1).

Inflammatory and oxidative stress biomarkers

With regard to the inflammation and oxidative stress variables
in the cohort (Table 2), the MS-LD patients showed significantly
higher levels of interleukins (IL-6 and IL-8), carbonylated proteins
and lipid peroxidation (LPO). On the contrary, adiponectin and lep-
tin values, CAT, SOD, TAC, GSH-Px, GSH-Tr and GSSG-Rx activities
were increased in patients with MS-Non-LD.

Correlation between cardiovascular risk and inflammatory and
oxidative stress biomarkers

In MS-LD HIV-1 patients a significant negative correlation was
found between the Framingham Risk Score and the antioxidant
biomarkers GSH-Px and TAC and between AIP and CAT, GSH-Rd
and TAC, as well as, a significant positive correlation being also
observed between AIP and PCR and CP (Table 3). On the other hand,
in MS-Non-LD patients, the correlation of both cardiovascular risk
markers was significantly positive with the reactive C protein and
negative with CAT. Other positive and negative correlations were
shown in MS-Non-LD between the Framingham Risk Score and IL-6

and TAC and between AIP and adiponectin and GSH-Rd and GSH-Px,
respectively (Table 3).

Variability associated to antiretroviral therapy

As depicted in Table 4, we found anthropometric, biochemical
and immunovirological differences according to the ART followed
for each group of HIV-1 patients with MS, as well as presenting
or not LD. Within the MS-LD group, those whose treatment con-
tained PlIs (Kaletra®) showed the lowest HDL-cholesterol and the
highest triglyceride levels, besides a significantly greater cardiovas-
cular risk than the rest of patients from the cohort. In addition, the
MS-LD group who were being treated with Truvada® and Kaletra®
also presented a worsening of the lipid and glycaemic profiles in
comparison to MS-Non-LD patients.

Discussion

In this study, we have analyzed the synergic effect of LD and
MS on oxidative stress and the triggering of inflammation in HIV-
infected patients treated for at least six months. Moreover, we have
also focused on the role of different ARTs regarding the immune
system activation, body composition and other biochemical and
metabolic variables.

Lipodystrophy is developed in the course of HIV infection under
intensive ARTs. Several grave metabolic complications have been
described in association with fat redistribution, such as insulin



314

Table 4
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Metabolic effects and cardiovascular risk in HIV-1 patients, with MS presenting or not LD, under different antiretroviral therapies.

Variables HIV-1 patients with MS (n=243)
LD (n=119) Non-LD (n=124)
2 NRTIs +bPI* 2 NRTIs+NNRTIs" 2 NRTIs+NNRTIs¢ 2 NRTIs +bPI? 2 NRTIs+NNRTIs® 2 NRTIs + NNRTIs®

Number of patients 40 (33.6) 41 (34.4) 38(32.0) 39 (31.5) 42 (33.9) 43 (34.6)
Male gender 23(57.5) 24(58.5) 21(55.2) 22(56.4) 23(54.7) 22(51.1)
Age (years) 36.0+4.7 41.5+95 37.7+£10.5 35.2+5.8 40.3+9.8 383+35
DBP (mmHg) 89.3+13.6" 85.0+7.1 85.5+12.2 84.9+11.6 83.7+11.7 84.5+94
SBP (mmHg) 135.4+14.7¢ 131.7+7.0 129.5+17.9 131.5+10.1 130.3+5.5 129.9+14.5
Treatment duration (months) 30.8+8.2 29.3+7.6 34.6+10.5 31.7+£6.7 26.7+5.6 32.8+7.8
Inmunovirological status

Initial viral load (log copies/mL) 280.4+8.5* 226.3+9.5 250.8 +6.3% 250.2+4.3 223.4+5.6 232.9+7.5

Initial lymphocyte CD4 count (cells/pL) 348.5+61.8" 359.6 £43.6 489.9 + 68.8% 435.24+93.4 368.5+38.3 564.7 +87.5

CD4/CD8 ratio 0.54+0.1% 04+0.2 0.6+0.1" 04+0.1 04+0.1 0.5+0.2
Anthropometric measurements

BMI (kg/m?) 29.2+45 29.52+3.9 25.6+44 23.05+3.2 293+79 245+34

Hip (cm) 101.2+9.1* 97.6+7.0 95.8+6.3 883+7.8 94.5+8.5 94.0+8.2

Waist (cm) 93.5+4.2" 92.0+12.6 87.9+89 772456 89.3+10.9 84.7+12.0

Waist-hip ratio 0.94+0.06 1.0+£0.2 1.0+£0.04 0.84+0.2 09+0.3 1.0+ 0.08

Weight (kg) 79.6+12.0% 79.7+8.8 75.3+10.7% 69.5+10.6 78.02+£5.2 68.6 +15.7
Biochemical and metabolic variables

Creatinine (mg/dL) 1.1+0.1" 0.7+0.1 1.0+0.05 0.940.08 0.7 £0.05 1.0+£05

Uric acid (mg/dL) 5.2+04% 42+19 54+1.6 4.6+0.7 41+1.6 5.0+1.0

CPR (mg/dL) 29408 29403 1.9+0.1% 29405 294+0.2 1.8+0.2

HDL-cholesterol (mg/dL) 37.2+44" 43.0+£10.5 41.5+8.5 439+6.8 473+£12.3 449+9.2

LDL-cholesterol (mg/dL) 132.9+27.3% 126.1+12.1 143.2+12.5* 114.7+21.9 1243+11.3 116.8+11.4

Total cholesterol (mg/dL) 198.2+26.8 203.2+11.4 206.7 £14.8" 193+£223 199.6 +9.5 189.0+12.8

Triglycerides (mg/dL) 206.2+£19.9" 169.4+15.3 188.8 +26.4 193.24+16.3 167.6 +£12.6 176.7+34.6

Glucose (mg/dL) 106.5+11.3% 137.6+6.3% 115.0+11.9% 90.6+9.8 104.2+9.6 103.7+10.6
Cardiovascular risk assessments

Atherogenic index 5.24+0.8" 34+1.0 48+1.1 3.2+04 3.3+0.9 44+1.2

Framinghan Risk Score (%) 73+14" 32+13 46+25 35+1.9 3.0+1.2 44422

Abbreviations: BMI: body mass index; bPI: boosted protease inhibitors; CPR: C-reactive protein; DBP: diastolic blood pressure; HIV: human immunodeficiency virus;
HOMA-IR: homeostasis model assessment of insulin resistance; LD: lipodystrophy; MS: metabolic syndrome; NRTI: nucleoside reverse transcriptase inhibitors; NNRTIs:
non-nucleoside reverse transcriptase inhibitors; SBP: systolic blood pressure; TAD: diastolic blood pressure; TAS: systolic blood pressure.

The quantitative variables are expressed as mean =+ SD, and the qualitative variables in n (%).

" Statistically significant difference regarding all remaining subgroups.

& Statistically significant difference with regards to the same treatment set in the other subgroup (MS LD/MS non-LD), or within the corresponding subgroup (MS LD/MS

non-LD).
2 Tenofovir/emtricitabine + lopinavir/ritonavir;
b Tenofovir/emtricitabina + efavirenz;
¢ Abacavir/lamivudina +efavirenz.

resistance and dyslipidaemia.'”?” Therefore, we decided to study
the contribution of LD on components of MS when both conditions
appear simultaneously.

Although drug toxicity has been strongly related to LD, lead-
ing us to assess it further, fat distribution can also be influenced by
individual susceptibility as well as by the role of the virus itself.!8.19
HIV infection per se is typically associated with dyslipidaemia and
consequently with a higher risk of cardiovascular disease.?®%° The
initial conditions of our cohort were characterized by low HDL-
cholesterol and high triglyceride values, as well as an increased
systolic blood pressure and a Framingham score, with sharper lev-
els in the MS-LD group (Table 1), as previously found in similar
cohorts.!”?3 Furthermore, the dysregulated levels of inflammation-
modulating cytokines that control lipid metabolism are suggested
as mechanisms for HIV-induced dyslipidaemia.??3%31 In that sense,
the inflammation markers measured in our cohort delivered higher
levels of IL-6 and IL-8 in the MS-LD group in comparison to MS Non-
LD (Table 2). With regard to adipocytokines, we found serum leptin
decreased in the MS-LD group, as also seen in other studies.2” How-
ever, the fat redistribution had no significant effect on adiponectin
concentrations, as Freitas and col. observed previously.?> More-
over, these values were similar to those in non-infected HIV
controls with MS,%” and higher than in the HIV-patients with
LD,2327 considering the studies mentioned.

Regarding oxidative stress-biomarkers (Table 2), high levels
of carbonylated proteins and LPO were found in MS-LD patients.
Furthermore, the metabolic protective function of glutathione,
through GSH-dependent enzymatic activities (GSH-Px, GSH-Tr and
GSSG-Rx), were also decreased in the same group of patients.
Therefore, the simultaneous presence of LD and MS seems to
worsen oxygen radical damage in the HIV population. On the other
hand, and as mentioned before, inflammation markers were also
increased in MS-LD patients. The results obtained are backed by
up-to-date bibliography, showing an interdependence between
oxidative stress and inflammation, and that the simultaneous coex-
istence of both would contribute to many chronic diseases such
as diabetic complications, cardiovascular and neurodegenerative
diseases.3?-34

The impossibility to cure HIV infection currently implies the
need of long-term ARTs. According to the ART followed by each
group, we found anthropometric, biochemical and immunoviro-
logical differences (Table 4). As expected, those patients within the
MS-LD group whose treatment contained Pls (Kaletra®) showed the
lowest HDL-cholesterol and the highest triglyceride levels, as well
as a worsening of the glycaemic profile and a significantly greater
cardiovascular risk than the rest of patients from the cohort. PIs
possess a high genetic barrier to the development of drug resis-
tance of HIV, with key mutations rarely occurring.>>3% However,
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Table 5
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Variability of inflammatory and oxidative stress biomarkers in HIV-1 patients with MS presenting or not LD, and under different antiretroviral therapies.

Variables

HIV-1 patients with MS (n=243)

LD (n=119)

Non-LD (n=124)

2 NRTIs +bPI* 2 NRTIs + NNRTIs”

2 NRTIs + NNRTIs®

2 NRTIs +bPI* 2 NRTIs + NNRTIs" 2 NRTIs + NNRTIs®

Number of patients 40 (33.6) 41 (344) 38(32.0) 39 (31.5) 42 (33.9) 43 (34.6)
Adiponectin (jg/mL) 10.1+2.4° 11.1+£4.1 11.64+3.2% 13.8+2.6 11.8+9.0 14.8+4.2
Carbonylated proteins (nmol/mL) 279.7 +68.8" 59.7+10.6 57.4+11.8 210.8+73.6 57.7+10.8 56.2+10.1
CAT (nmol/min/mL) 57.8£8.7% 64.6+13.7 57.6+10.2 67.7+13.4 65.5+14.3 5534124
GSH-Px (nmol/min/mL) 551.6 +51.0" 621.9+116.8 595.9+82.8 610.2+88.3 632.9+114.2 616.8 +£80.1
GSH-Rd (nmol/min/mL) 513.8 £45.3* 527.9+59.3 534.1+20.8% 574.7 +68.4 520.9 £68.1 588.0 +26.5
GSH-Tr (nmol/min/mL) 2.54+1.0" 43426 3.6+0.7 50+1.1 42427 34412
IL-6 (pg/mL) 54+0.1" 1.3+1.1 1.7+1.2 1.3+03 1.4+0.8 1.6+0.6
IL-8 (ng/mL) 2.8+0.5° 1.5+03 1.8+0.6 1.9+0.7 1.5+05 1.6+0.6
Leptin (ng/mL) 1.7+£0.01* 26+13 274+1.2 32413 27422 28+14
LPO (M) 8.9+0.9% 69+1.2 69+1.9 6.8+1.5 6.7+0.6 64+13
SOD (U/mL) 2.5+0.7% 22402 3.0+0.9% 29404 2.14+05 34407
TAC (mM) 1.4+0.2* 1.7+0.1 1.6+£0.3% 1.8+£0.2 1.7+03 1.9+0.2

Abbreviations: CAT: catalase activity; GSH-Px: glutathione peroxidase activity; GSH-Rd: glutathione reductase activity; GSH-Tr: glutathione S-transferase activity; LD:
lipodystrophy; LPO: lipid peroxidation; NRTI: nucleoside reverse transcriptase inhibitors; NNRTIs: non-nucleoside reverse transcriptase inhibitors; SOD: superoxide dismu-

tase activity; TAC: total antioxidant capacity.

The quantitative variables are expressed as mean + SD, and the qualitative variables in n (%).

" Statistically significant difference regarding all remaining subgroups.

& Statistically significant difference with regards to the same treatment set in the other subgroup (LD/non-LD), or within the corresponding subgroup (LD/non-LD).

3 Tenofovir/emtricitabine +lopinavir/ritonavir;
Tenofovir/emtricitabina + efavirenz;
¢ Abacavir/lamivudina + efavirenz.

long-term treatment based on PIs are typically linked to metabolic
syndromes, such as dyslipidaemia or insulin-resistance.> So, our
results are in line with the literature.

Markers of inflammation and oxidative stress in HIV-1 patients
with MS presenting LD and following a regimen based on Truvada®
and Kaletra® were worse overall than in those out of this
set (Table 5). Once more, the association of ARTs containing
lopinavir/ritonavir to oxygen radical damage is well documented.3?
This fact does not seem to be related to the therapeutic group in
general, since atazanavir and darunavir are well tolerated, even
improving some lipid and renal variables.?”-3° Thus, effects on
glucose and lipid levels as well as impact on oxidative stress,
when observed with these Pls, may mainly be caused by ritonavir-
boosting, rather than by themselves. Moreover, it has been reported
that treated patients with darunavir/ritonavir when the boosting
agent changed to cobicistat, levels of total cholesterol, LDL and
triglycerides decreased, whereas levels of HDL increased.*0:4!

On the other hand, when we reviewed literature about the role
of other types of ARTs different from PIs and with a most recent
use in HIV treatment, we found a moderate antiinflamatory effect
for maraviroc (a CCR5 inhibitor) and for dolutegravir (an integrase
inhibitor, INSTI).#! In addition, both maraviroc and the INSTIs exert
a neutral impact on lipid and glucose metabolism, but some INSTI
like raltegravir resulted in a weight gain and a global fat accumu-
lation (for a review see Lagathu et al., 201937).

Our study was carried out considering only some kinds of treat-
ments with a limited use at the present time. However, our results
can lead the way to similar assessments with most recent ARTs and
make possible further comparisons.

In conclusion, we found a clear contribution of fat redistribution
and metabolic disturbances to inflammatory process and oxidative
stress in HIV-1 infected patients treated for at least six months,
being more pronounced this effect when the regimen included PIs.
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