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Background: Despite the benefits in improving the clinical state of people living with

HIV/aids (PLWHA), some side effects associated with the use of antiretroviral therapy

(ART) are reported. Redistribution of body fat has been associated with treatment

and is characterized by morphological changes, also known as lipodystrophy. The

complications of metabolic and morphological changes in these individuals seem to

increase the risk of cardiovascular disease. Adipocytokines are proteins that have

essential functions in biological processes, in which the levels of these proteins are

related to the pathogenesis of metabolic syndrome (MS) and cardiovascular disease.

Recent studies have shown that such levels are generally modified in PLWHA, regardless

of whether the treatment is established or not. An application of methods for body fat

estimation in patients with fat redistribution, as in the case of aids, especially those that

quantify body fat by segments, appears to clarify these alterations and plays an important

role in the development of multiprofessional treatment.

Objectives: This investigation was carried out to compare and correlate body

composition, biochemical metabolic parameters, and levels of adipocytokines and

cytokines of PLWHA, with and without lipodystrophy, with individuals with negative HIV

serology and stratified by sex.

Material and Methods: This is a cross-sectional study in which body composition,

metabolic and anthropometric changes, and levels of adipocytokines of 110 individuals

were assessed. These individuals were paired in sex, age, and body mass index (BMI)

and subdivided into three groups: PLWHA with and without a clinical diagnosis of

lipodystrophy associated with HIV, and a group control.

Results: Collinearity was identified both in the general sample and for genders of

the waist-to-height ratio (WHtR) with all anthropometric parameters, except for muscle

mass. The results show strong association between IFN-γ and TNF-α both in the general

sample and for genders and moderate correlation between leptin and fasting glucose for

women; worsening of the triglyceride profile in both women with lipodystrophy compared

with the control group and men without lipodystrophy compared with the control group;
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higher serum TNF-α values among men without lipodystrophy compared to those with

HIV-associated lipodystrophy (HALS).

Conclusions: The results of this study underline that, considering the manifestations

of the syndrome, these patients have a high-risk endocrine metabolic profile for

cardiovascular events.

Keywords: adipocytes, body composition, HIV, lipodystrophy, metabolic syndrome

INTRODUCTION

The increase in life expectancy and life quality improvement
of people living with HIV/AIDS (PLWHA) is directly due
to the development of antiretroviral drugs and access to
specific combined therapies, as they contribute to a significant
reduction in morbidity and mortality associated with acquired
immunodeficiency syndrome (AIDS) (1, 2). Since 1996, Brazil
has provided universal access to free antiretroviral therapy
(ART), and as a consequence, survival rate of patients
infected with HIV/AIDS has improved dramatically. Since 2017,
the country’s national preferred first-line regimen has been
dolutegravir (DTG) + lamivudine (3TC) + tenofovir (TDF).
The preferred second-line regimen is TDF + 3TC + efavirenz
(EFV) (as of 2014, as a three-in-one pill simplifying ART and
enhancing adherence) (3). The evolution of the drugs available
is high related to adherence rate and collateral effects, once the
toxicity has been moderate belonging to the years.

Since specific treatment for the disease is available and there
was a reduction in mortality rates, it was possible to observe
that AIDS has become a treatable chronic disease. Similarly,
there has been advance in the development of treatment over
time as several studies have identified important adverse events
associated with the continuous use of ART, such as the HIV-
associated lipodystrophy (HALS) syndrome (4–7).

The HALS syndrome is characterized by a set of
morphological changes in the distribution of body fat
and/or metabolic abnormalities, including lipodystrophy,
dyslipidemia, insulin resistance, and hyperglycemia (8–11).
HALS is characterized by a redistribution of body fat in
PLWHA and can be classified according to the region where
accumulation and/or reduction in body fat occurs. Although
the pathogenesis of HALS is not yet fully understood, it is
known to be multifactorial and probably the result of the
interaction between ART, viral infection, genetic factors, and
the individual’s lifestyle (12, 13). The association between
lipodystrophy and ART is the most studied and well-established
in the literature, especially regarding to protease inhibitors
and reverse transcriptase inhibitors (14–17), but some studies
described positive cases in which there was no treatment and
even so presented changes in body fat composition (18, 19).

The disease’s stigma has always been associated with physical
appearance and changes in body fat composition indirectly,
since the onset of epidemy, weight loss was characterized as
one of the main signs associated with HIV infection before
the discovering of combined ART. With the ART adverse
effects, such as lipodystrophy, new physical evidence of HIV

infection emerged, with a negative psychosocial impact, which
may negatively influence even treatment adherence (20–22).

With the purpose to define in clinical practice the most
appropriate treatment for the prevention of comorbidities and
cardiovascular risk reduction, it is important to identify whether
the accumulation or distribution of body fat is related to lipid
profile and adipocytokines levels, since several changes and
interactions are important and related to both the course of the
disease and the adverse effects of the specific therapy.

MATERIALS AND METHODS

This is a cross-sectional study, in which body composition,
metabolic and anthropometric changes, and adipocytokine levels
in PLWHA were assessed in a specialized infectiology outpatient
service with and without a clinical diagnosis of HALS and
a control group. Initially, the PLWHA group with a clinical
diagnosis of HALS was defined. From this group, a pairing of
sex, age, and body mass index (BMI) was performed for PLWHA
group without lipodystrophy and the control group. Thus, the
individuals who read and agreed with the free and informed
consent form were distributed into groups as follows:

Lipodystrophy group (G1): included 40 individuals with
a diagnosis of HIV/AIDS and with a clinical diagnosis of
lipodystrophy, on regular ART for at least 1 year of both genders
and aged between 27 and 59 years. These individuals joined
the study as they presented themselves to the health service
for follow-up.

No lipodystrophy group (G2): included 36 individuals
diagnosed with HIV/AIDS and without a clinical diagnosis of
lipodystrophy, on regular ART for at least 1 year, matched for sex,
age, and BMI, representing the experimental group (G1). These
individuals joined the study as they presented themselves to the
health service for follow-up and the pairing and inclusion criteria
were met.

Control group (G3): control group, which included 34
individuals with negative HIV serology, without clinical
complaints and matched for age, sex, and BMI, with the
experimental group (G1). These individuals were enrolled in the
study after checking the inclusion and matching criteria, as they
were contacted via social media and the University’s electronic
mail, recruiting subjects with specific gender, age, and BMI.

The study excluded women in the gestational period,
individuals with chronic renal disease, nephrotic syndrome, liver
disease, uncontrolled hypothyroidism, patients with a pacemaker
or any other kind of electronic device in the body, or people
who unable to carry out the assessment of body composition.
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The diagnosis of HALS was made subjectively by the physician,
that is, through the detection of specific findings during visual
assessment and physical examination performed and informed
in the medical record.

Nutritional assessment consisted of measures of weight,
height, waist circumference (WC), and neck circumference (NC).
Subsequently, the BMI and the waist-to-height ratio (WHtR)
were calculated. All anthropometric measurements followed
specific methodologies, as explained below.

At first, weight (in kilograms) and height (in meters) were
measured. Weight was obtained using a platform-type electronic
scale, with a capacity of 150 kg and an accuracy of 0.1 kg. To
measure height, a portable anthropometer with 0.1 cm precision
was used, with the subject being barefoot and in an orthostatic
position. Both measurements were performed following the
methodology proposed by Lohman et al. (23). BMI is the
measure of body mass in relation to height, calculated using the
formula: BMI = weight/height² (kg/m²). For the classification of
nutritional status, according to BMI value, the values proposed
by the World Health Organization (24) were used.

The waist circumference (cm) was evaluated through the
abdominal perimeter, being the measurement in place of
maximum extension of the abdomen region, according to the
methodology recommended by Lohman et al. (23). To perform
this measurement, an inextensible metallic measuring tape was
used, 2m long and 0.1 cm accurate.

The NC (cm) was evaluated at the height of the cricothyroid
cartilage. In men who had prominence, NC was evaluated below
it. For classification, values < 37 cm and > 37 cm for men and
< 34 cm and > 34 cm for women were used. The methodology
and reference values used were those recommended by Ben-
Noun et al. (25). To perform such measurements, an inextensible
metallic measuring tape was used, with 2m length and 0.1 cm
precision. TheWHtR was obtained by dividing theWC by height
(both in centimeters).

The body composition assessment was carried out using
a multifrequency bioelectrical impedance (BIA) equipment
(Inbody R©, model 570 - USA) with a direct segmental evaluation
system, being performed with the subject in an orthostatic
position and in a room with normal temperature, standing
with arms and legs abducted at 45 degrees from the body.
The preparation for performing these assessments followed
the guidelines of the BIA device manual, which, in general,
recommends that the subjects remove all metallic objects from
their bodies; be abstinent from alcohol 48 h before the test, do not
practice intense physical activity in the 24 h before the test; avoid
consuming caffeinated beverages 24 h before the test; fast for at
least 2 h; urinate 30min before the test and rest in the supine
position for 8–10min before the test is performed. Identification,
weight, height, age, and gender information were entered directly
into the equipment software. After verifying the data, the position
of the individual and the electrodes, the exam was started. The
measures used were lean mass (kg), fat mass (kg), and total fat
percentage (%).

The metabolic profile considered plasma levels of total
cholesterol and HDL-cholesterol, triglycerides, and fasting
glucose. LDL-cholesterol was calculated using the Friedewald

formula (LDL-c = total cholesterol – HDL-cholesterol –
triglyceride/5), and non-HDL cholesterol was calculated by
subtracting total cholesterol fromHDL-cholesterol, being the last
analysis performed only for values below 400 mg/dL.

For the assessment of changes in individuals according to
the results of the lipid profile, those suggested by the American
College of Cardiology/American Heart Association, 2013, were
used as a reference, total cholesterol ≥ 240 mg/dL, LDL-
cholesterol ≥ 160 mg/dL, and triglycerides ≥ 200 mg/ dL; non-
HDL cholesterol > 190 and HDL-cholesterol ≥ 40 mg/dL for
men and ≥ 50 mg/dL for women. For the classification of
hyperglycemia, according to fasting glucose value, the values
proposed by the Guidelines of the Brazilian Society of Diabetes,
2019/2020, which suggest reference plasma values ≥100 mg/dL,
in fasting, were used.

For the classification of metabolic syndrome (MS), the
“harmonized syndrome,” 2009, was used as a reference, defined
by the presence of at least three out of five risk factors, increased
WC (≥ 90 cm for men and ≥ 80 cm for women), triglycerides
≥ 150 mg/dL, HDL-cholesterol < 40 mg/dL for men and <

50 mg/dL for women, systolic blood pressure ≥ 130mm Hg or
diastolic blood pressure ≥ 85mm Hg, and fasting glucose >

100 mg/dL.
For the evaluation of cytokines and adipocytokines, 15ml

of peripheral blood was collected by a trained technician.
The dosage of the cytokines TNF-α, IFN-γ , IL-6, adiponectin,
and leptin was performed using the ELISA technique, using
commercial kits (R&D Systems, for human serum samples),
according to the manufacturer’s instructions.

For statistical treatment, a characterization of the population
was initially carried out with descriptive measures calculations
(mean, standard deviation, and median) from anthropometry,
BIA, and biochemical test data, stratified by group. The
comparison between groups was made using the ANOVA test
followed by Tukey’s multiple comparison test for cases in which
data distribution was symmetric. Otherwise, a generalized linear
model with gamma distribution followed by Wald’s multiple
comparison test was used. Comparisons of means were also made
following the same techniques for the variables of interest only for
women, stratified by age below and above 45 years.

The frequencies of MS by group were obtained, and the
association between them was performed using the chi-squared
test or Fisher’s exact test. Pearson’s correlations were calculated
for anthropometric, biochemical, and cytokine data for the whole
sample and stratified by sex. In all tests, a significance level
of 5% or the corresponding p-value was set. All analyzes were
performed using the SAS software for Windows, v-9.4.

This study was approved by the Research Ethics Committee
of Botucatu Medical School, Saõ Paulo State University (CAAE:
26170414.8.0000.5411), and all participants agreed and signed an
informed consent form.

RESULTS

At the end of the study, 110 subjects were assessed, 56 women and
54 men, with a mean age of 45.5 ± 9.3 years. The control group
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TABLE 1 | Metabolic profile of women stratified by group of people living with

HIV/AIDS with (G1) and without HALS (G2) and control group (G3).

G1 (n = 20) G2 (n = 18) G3 (n = 18) p-value

Fasting blood glucose

(mg/dL)

87.6 ± 14.2 86.2 ± 14.5 85.1 ± 8.7 0.8001

Total cholesterol

(mg/dL)

211.9 ± 53.0 198.8 ± 45.2 197.4 ± 35.6 0.5373

HDL-cholesterol

(mg/dL)

49.9 ± 14.4 52.4 ± 21.9 49.5 ± 13.0 0.8407

Triglycerides (mg/dL) 204.0 ± 124.8* 158.5 ± 71.8 143.3 ± 43.6 0.0453

LDL-cholesterol

(mg/dL)

121.2 ± 42.6 117.0 ±28.1 119.3 ± 25.6 0.9244

Non-HDL cholesterol

(mg/dL)

162.0 ± 50.5 146.3 ± 32.2 148.0 ± 30.4 0.4166

HDL, High-density lipoprotein cholesterol; LDL, Low-density lipoprotein cholesterol;

Mg/dL, milligrams per deciliters.

*Statistical difference between groups G1 and G3.

TABLE 2 | Metabolic profile of men stratified by group of people living with

HIV/AIDS with (G1) and without HALS (G2) and control group (G3).

G1 (n = 20) G2 (n = 18) G3 (n = 16) p-value

Fasting blood glucose

(mg/dL)

82.8 ± 10.5 86.9 ± 14.8 85.9 ± 10.2 0.5351

Total cholesterol

(mg/dL)

171.9 ± 27.1 178.8 ± 44.7 185.5 ± 48.9 0.5900

HDL-cholesterol

(mg/dL)

39.0 ± 14.4 40.7 ± 17.1 46.6 ± 10.0 0.2585

Triglycerides (mg/dL) 190.9 ± 68.1 247.3 ± 222.2* 149.4 ± 83.6 0.0307

LDL-cholesterol

(mg/dL)

94.7 ± 26.4 88.6 ± 38.0 109.1 ± 44.9 0.2392

Non-HDL cholesterol

(mg/dL)

132.9 ± 31.8 138.1 ± 40.0 138.9 ± 52.1 0.8914

HDL, High-density lipoprotein cholesterol; LDL, Low-density lipoprotein cholesterol;

Mg/dL, milligrams per deciliter.

*Statistical difference between G2 and G3 groups.

was made up of 34 individuals, the lipodystrophy group by 40
individuals, and the no lipodystrophy group by 36 individuals,
and the pairing of sex, age, and BMI was performed by the
lipodystrophy group.

The nutritional diagnosis was performed considering the BMI
classification, whose average for adults was 25.3 ± 4.5 kg/m²,
being classified as overweight, according to the WHO, 1995.

When stratifying the total sample by sex (Table 1), it was
possible to observe a statistical difference between women
for the triglyceride profile, being greater in the group with
lipodystrophy compared with the control group (p = 0453).
The other metabolic parameters showed no statistical difference
between women.

The same statistical difference in triglyceride profile was found
in men (Table 2), but unlike women, for men the difference was
between the control group and no lipodystrophy group (p =

0.0307). The other metabolic parameters showed no statistical
difference between men.

TABLE 3 | Body composition of women stratified by group of people living with

HIV/AIDS with (G1) and without HALS (G2) and control group (G3).

G1 G2 G3 p-value

BMI (kg/m²) 25.8 ± 4.8 25.5 ± 4.8 25.4 ± 5.1 0.9645

PTBF (%) 31.4 ± 8.3 33.1 ± 9.2 34.8 ± 9.0 0.4852

FM (kg) 23.4 ± 9.9 23.1 ± 11.2 23.6 ± 10.4 0.9908

LM (kg) 42.7 ± 8.1 41.0 ± 7.0 39.0 ± 4.9 0.2601

NC (cm) 35.0 ± 4.1 34.0 ± 3.0 34.2 ± 2.9 0.621

AC (cm) 92.0 ± 13.5 90.2 ± 13.35 91.7 ± 11.7 0.9027

WHtR 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.8617

BMI, body mass index; PTBF, percentage of total body fat; FM, fat mass; LM, lean mass;

NC, neck circumference; AC, abdominal circumference; WHtR, waist-to-height ratio.

TABLE 4 | Body composition of men stratified by group of people living with

HIV/AIDS with (G1) and without HALS (G2) and control group (G3).

G1 G2 G3 p-value

BMI (kg/m²) 25.3 ± 5.0 24.7 ± 4.1 25.0 ± 3.4 0.9275

PTBF (%) 23.9 ± 9.3 23.3 ± 7.1 2.7 ± 5.5 0.9006

FM (kg) 19.6 ± 10.5 17.5 ± 7.4 18.4 ± 6.7 0.7684

LM (kg) 55.0 ± 9.3 52.0 ± 10.3 57.5 ± 7.9 0.2479

NC (cm) 37.4 ± 3.0 38.0 ± 2.9 40.2 ± 2.8a 0.0162

AC (cm) 92.3 ± 14.0 93.1 ± 11.0 95.8 ± 6.8 0.6376

WHtR 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.03 0.6969

BMI, body mass index; PTBF, percentage of total body fat; FM, fat mass; LM, lean mass;

NC, neck circumference; AC, abdominal circumference; WHtR, waist-to-height ratio.
aStatistical difference between G1 and G3.

TABLE 5 | Serum levels of adipocytokines and cytokines in women stratified by

the group of people living with HIV/AIDS with (G1) and without HALS (G2) and

control group (G3).

G1 G2 G3 p-value

Adiponectin (µg/mL) 7.3 ± 4.0 8.2 ± 4.3 7.4 ± 7.4 0.8143

Leptin (ng/mL) 14.8 ± 17.8 12.5 ± 11.9 18.2 ± 17.2 0.4958

TNF-α (pg/mL) 10.8 ± 14.4 6.5 ± 3.4 10.2 ± 18.2 0.139

IFN-γ (pg/mL) 6.2 ± 16.5 2.5 ± 2.6 5.2 ± 16.5 0.1848

IL-6 (pg/mL) 4.1 ± 6.1 2.1 ± 2.0 3.5 ± 3.9 0.1493

TNF-α, tumoral necrosis factor alfa; IFN-γ , interferon gamma; IL-6, interleukin 6; µg/mL,

micrograms per milliliter; ng/mL, nanograms per milliliter; pg/mL, picograms per milliliter.

Tables 3, 4 represent the body composition between groups
stratified into women and men, respectively. There was only one
statistical difference for NC variable in men, being this variable
greater in the control group compared with the lipodystrophy
group (p= 0.0162).

Regarding serum levels of adipocytokines and cytokines, when
stratified by sex (Tables 5, 6), a statistically significant difference
was found only for TNF-α dosage among men, being higher
among subjects without lipodystrophy, compared with men with
a diagnosis of HALS (p= 0.0222).
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TABLE 6 | Serum levels of adipocytokines and cytokines in men stratified by a

group of people living with HIV/AIDS with (G1) and without HALS (G2) and control

group (G3).

G1 G2 G3 p-value

Adiponectin (µg/mL) 6.4 ± 4.8 8.8 ± 6.0 8.2 ± 6.9 0.3412

Leptin (ng/mL) 20.8 ± 17.5 19.4 ± 15.1 29.0 ± 51.1 0.3372

TNF-α (pg/mL) 10.4 ± 14.3a 25.4 ± 44.2 13.0 ± 28.2 0.0222

IFN-γ (pg/mL) 8.7 ± 13.1 7.6 ± 24.4 6.8 ± 22.7 0.6870

IL-6 (pg/mL) 5.2 ± 6.0 3.7 ± 4.8 3.8 ± 4.0 0.4980

TNF-α, tumoral necrosis factor alfa; IFN-γ, interferon gamma; IL-6, interleukin 6; µg/mL,

micrograms per milliliter; ng/mL, nanograms per milliliter; pg/mL, picograms per milliliter.
aStatistical difference between groups G1 and G2.

The bold values highlight the statistical significance (p < 0.05).

TABLE 7 | Comparative values between women below and above 45 years old

for anthropometric parameters, body composition, adipocytokines, and cytokines.

Variable Age ≤ 45 years Age > 45 years p-value

BMI (Kg/m²) 27.5 ± 4.5 23.2 ± 4.2$ 0.0007

PTBF (%) 36.4 ± 7.8 28.9 ± 8.2$ 0.0009

MM (Kg) 42.4 ± 6.8 39.2 ± 6.7 0.0849

NC (cm) 35.5 ± 3.0 33.1 ± 3.5$ 0.0094

WC (cm) 95.9 ± 12.5 85.7 ± 10.7$ 0.0023

WHtR 0.6 ± 0.07 0.5 ± 0.1$ 0.0016

ADIPO (µg/mL) 9.2 ± 6.14 5.7 ± 3.3$ 0.0031

LEP (ng/mL) 1.7 ± 1.61 1.3 ± 1.6 0.3376

TNF-α (pg/mL) 9.8 ± 18.0 8.6 ± 3.6 0.5021

IFN-γ (pg/mL) 6.0 ± 18.0 3.1 ± 2.5$ 0.0016

IL-6 (pg/mL) 3.5 ± 4.7 3.0 ± 4.1 0.8747

FG (mg/dL) 86.0 ± 12.8 86.8 ± 11.1 0.8187

TC (mg/dL) 201.1 ± 43.6 205.4 ± 47.9 0.7179

HDL (mg/dL) 51.2 ± 14.4 49.8 ± 19.1 0.7584

TGL (mg/dL) 162.9 ± 87.7 178.5 ± 95.9 0.4653

LDL (mg/dL) 117.3 ± 31.2 121.6 ± 35.2 0.6238

Non-HDL-C (mg/dL) 149.9 ± 42.2 155.6 ± 39.8 0.6

BMI, body mass index; PTBF, percentage of total body fat; FM, fat mass; LM, lean

mass; NC, neck circumference; AC, abdominal circumference; WHtR, waist-to-height

ratio; Adipo, adiponectin; Lep, leptin; TNF-α, tumoral necrosis factor alfa; IFN-γ, interferon

gamma; IL-6, interleukin 6; GJ, fasting glucose; CT, total cholesterol; HDL, high-density

lipoprotein cholesterol; TGL, triglycerides; LDL, low-density lipoprotein cholesterol; non-

HDL-C, non-HDL cholesterol; µg/mL, micrograms per milliliter; ng/mL, nanograms per

milliliter; pg/mL, picograms per milliliter.
$Difference between women below and above 45 years old with p < 0.05.

The bold values highlight the statistical significance (p < 0.05).

Table 7 shows the comparisons of metabolic nutritional
parameters and cytokines between women under and over 45
years old. Statistical difference was found for anthropometric
parameters related to fat accumulation: BMI (p = 0.0007),
PTBF (p = 0.0009), NC (p = 0.0094), WC (p = 0.0023), and
WHtR (p = 0.0016) were higher in women under 45 years
old. Regarding serum levels of cytokines and adipocytokines, a
statistical difference was found for themean value of adiponectin,
which was also higher in women under 45 years old (p= 0.0031).
No differences were observed for metabolic profile.

Table 8 shows the comparison between male and female
subjects within groups for anthropometric parameters, body
composition, adipocytokines, and cytokines. For G1 group,
significantly higher values of LM (p = < 0.0001) and CP (p =

0.0458) were found in male subjects. Significantly higher values
of TC (p = 0.0035), HDL (p = 0.0184), LDL (p = 0.0193), and
non-HDL-C (p= 0.0262) were found for female subjects.

Table 9 shows the results of the correlations between
anthropometric indicators, body composition, adipocytokines,
and cytokines for the general sample. WHtR collinearity was
verified with all anthropometric parameters, except muscle mass.
A strong association between IFN-γ and TNF-α (r = 0.97; p =

< 0.0001) was found. Weak correlations between serum leptin
levels with muscle mass (r = 0.24; p= 0.0105) and NC (r = 0.27;
p= 0.0046) were found.

Table 10 shows the results of the correlations between
anthropometric indicators, body composition, adipocytokines,
and cytokines for women. Collinearity was verified among the
WHtR with all anthropometric parameters. A strong association
between IFN-γ and TNF-α (r = 0.97; p = < 0.0001) was found.
Moderate correlations were identified between leptin and GJ (r=
0.42; p = 0.0012) and between IL-6 and TNF-α (r = 0.56; p = <

0.0001) and IFN-γ (r = 0.57; p=< 0.0001).
Table 11 shows the results of correlations between

anthropometric indicators, body composition, adipocytokines,
and cytokines for men. WHtR collinearity was verified with
all anthropometric parameters, except muscle mass. A strong
association between IFN-γ and TNF-α was identified (r = 085;
p = < 0.0001). Moderate associations between IL-6 with TNF-α
(r = 0.55; p = < 0.0001) and IFN-γ (r = 0.59; p = < 0.0001)
were found.

DISCUSSION

Understanding the endocrine role of adipose tissue and its
alterations in PLWHA, and also the metabolic nutritional
profile of these subjects, becomes essential, as they can be
important determinants of cardiovascular risk, especially for
those with lipodystrophy syndrome changes. Adipose tissue
plays, in addition to its role in lipid storage, a crucial function
for insulin sensitivity, in addition to modulating, through the
secretion of adipocytokines, themetabolism of glucose and lipids.

Metabolic syndrome represents a set of biochemical and
physiological risk factors that are directly associated with
increased risk for cardiovascular disease and type 2 diabetes.
The prevalence has increased exponentially worldwide, as has
obesity, a public health crisis. The prevalence of MS in
developing countries has increased quickly, mostly due to
changes in lifestyle driven by industrialization (26). Reports
from South America estimated in 2011 a prevalence of 33% in
Brazil (27).

In this study, MS was identified in half of the male sample
for both groups of PLWHA with (n = 10) and without clinical
diagnosis (n = 9) of lipodystrophy, and in 18.75% (n = 3) for
the group control. For women, similar values were found for
PLWHA without (50%, n = 9) and with (55%, n = 11) clinical
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TABLE 8 | Comparison between men and women intragroup of people living with HIV/AIDS with (G1) and without HALS (G2) and control group (G3), for anthropometric,

body composition, and adipocytokine and cytokine parameters.

Variável G1 G2 G3

Men Women p-value Men Women p-value Men Women p-value

BMI (kg/m²) 25.3 ± 5.0 25.8 ± 4.8 0.7268 24.7 ± 4.1 25.5 ± 4.9 0.6056 25.0 ± 3.36 25.4 ± 5.2 0.796

PTBF (%) 23.9 ± 9.3 31.4 ± 8.3 0.0108 23.3 ± 7.1 33.1 ± 9.2$ 0.0013 22.7 ± 5.46 34.8 ± 9.0* <0.0001

MM (kg) 55.0 ± 9.3 42.7 ± 8.1* <0.0001 52.0 ± 10.3 41.0 ± 7.0$ 0.0007 57.5 ± 7.86 39.0 ± 4.9* <0.0001

NC (cm) 37.4 ± 3.0 35.0 ± 4.1$ 0.0458 38.0 ± 2.9 34.0 ± 3.0$ 0.0003 40.2 ± 2.78 34.2 ± 2.9* <0.0001

WC (cm) 92.3 ± 13.9 92.0 ± 13.5 0.9498 93.1 ± 11.0 90.2 ± 13.3 0.4889 95.8 ± 6.81 91.7 ± 11.7 0.2291

WHtR 0.5 ± 0.1 0.6 ± 0.1 0.1087 0.5 ± 0.1 0.6 ± 0.1 0.4727 0.5 ± 0.03 0.6 ± 0.1 0.0876

Adipo (µg/mL) 6.4 ± 4.8 7.3 ± 4.0 0.4847 8.8 ± 6.0 8.3 ± 4.3 0.7762 8.3 ± 6.92 7.4 ± 7.4 0.6855

Lel (ng/mL) 2.1 ± 1.8 1.5 ± 1.8 0.2464 1.9 ± 1.5 1.2 ± 1.2 0.1318 2.9 ± 2.11 1.8 ± 1.8 0.1413

TNF-α (pg/mL) 10.4 ± 14.3 10.8 ± 14.4 0.8781 25.4 ± 44.2 6.5 ± 3.4* <0.0001 13.0 ± 28.2 10.2 ± 18.2 0.6356

IFN-γ (pg/mL) 8.7 ± 13.1 6.2 ± 16.5 0.2383 7.6 ± 24.4 2.5 ± 2.6 0.1081 6.8 ± 22.7 5.2 ± 16.5 0.7095

IL-6 (pg/mL) 5.2 ± 6.0 4.1 ± 6.1 0.6146 3.7 ± 4.8 2.1 ± 2.0 0.0739 3.8 ± 4.0 3.5 ± 3.9 0.9491

FG (mg/dL) 82.8 ± 10.5 87.7 ± 14.2 0.2122 86.9 ± 14.8 86.2 ± 12.5 0.8708 85.9 ± 10.2 85.1 ± 8.7 0.8074

TC (mg/dL) 171.9 ± 27.1 211.9 ± 5$ 0.0035 178.8 ± 44.7 198.8 ± 45.2 0.175 185.5 ± 48.9 197.4 ± 35.6 0.4001

HDL (mg/dL) 39.0 ± 14.5 49.9 ± 14.4$ 0.0184 40.7 ± 17.1 52.4 ± 21.9 0.0718 46.6 ± 10.0 49.5 ± 13.0 0.4522

TGL (mg/dL) 190.9 ± 68.1 204.0 ± 124.8 0.6474 247.3 ± 222.2 158.5 ± 71.9$ 0.0318 149.4 ± 83.6 143.3 ± 43.6 0.7562

LDL (mg/dL) 94.7 ± 26.4 121.2 ± 42.6$ 0.0193 88.6 ± 38.0 117.0 ± 28.1$ 0.012 109.0 ± 44.9 119.3 ± 25.6 0.3963

Non-HDL-C (mg/dL) 132.9 ± 31.8 162.0 ± 50.5$ 0.0262 138.1 ± 39.8 146.3 ± 38.2 0.5187 138.9 ± 52.7 147.9 ± 30.4 0.556

BMI, body mass index; PTBF, percentage of total body fat; FM, fat mass; LM, lean mass; NC, neck circumference; AC, abdominal circumference; WHtR, waist-to-height ratio; Adipo,

adiponectin; Lep, leptin; TNF-α, tumoral necrosis factor alfa; IFN-γ, interferon gamma; IL-6, interleukin 6; GJ, fasting glucose; CT, total cholesterol; HDL, high-density lipoprotein

cholesterol; TGL, triglycerides; LDL, low-density lipoprotein cholesterol; non-HDL-C, non-HDL cholesterol; µg/mL, micrograms per milliliter; ng/mL, nanograms per milliliter; pg/mL,

picograms per milliliter.

*Difference between men and women in each group with p < 0.0001; $Difference between men and women in each group with p < 0.05.

TABLE 9 | Simple Pearson’s correlation coefficients (r) for the total sample between anthropometric parameters, body composition, adipocytokines, and cytokines.

BMI PTBF MM NC WC WHtR Adipo Lep TNF-α IFN-γ IL-6 FG TC HDL TGL LDL Non-HDL-C

BMI 1.00 0.69 0.45 0.58 0.82 0.78 0.05 0.08 0.00 0.13 0.14 0.06 −0.06 −0.29 0.08 −0.01 0.04

PTBF 1.00 −0.23 0.09 0.54 0.73 0.054 −0.06 −0.06 0.05 0.03 −0.05 0.18 −0.05 0.08 0.18 0.21

MM 1.00 0.74 0.48 0.08 0.01 0.24 0.07 0.11 0.21 0.01 −0.28 −0.36 0.02 −0.20 −0.15

NC 1.00 0.72 0.45 0.07 0.27 0.11 0.17 0.18 0.02 −0.20 −0.33 −0.03 −0.09 −0.09

WC 1.00 0.90 0.08 0.18 0.08 0.20 0.23 0.10 −0.06 −0.29 0.03 0.03 0.04

WHtR 1.00 0.06 0.04 0.04 0.17 0.16 0.10 0.06 −0.16 0.04 0.12 0.13

Adipo 1.00 −0.03 0.07 0.02 0.08 −0.08 0.07 −0.04 −0.04 0.12 0.09

Lep 1.00 0.00 0.02 0.06 0.22 −0.03 −0.03 0.14 −0.13 −0.03

TNF-α 1.00 0.86 0.53 −0.01 −0.16 −0.07 −0.04 −0.14 −0.14

IFN-γ 1.00 0.58 −0.05 −0.14 −0.08 −0.06 −0.10 −0.12

IL−6 1.00 −0.02 −0.13 −0.10 −0.13 −0.03 −0.10

FG 1.00 −0.04 −0.05 0.09 −0.10 −0.02

TC 1.00 0.36 0.35 0.81 0.93

HDL 1.00 −0.27 0.15 −0.01

TGL 1.00 −0.12 0.48

LDL 1.00 0.81

Non-HDL-C 1.00

BMI, body mass index; PTBF, percentage of total body fat; FM, fat mass; LM, lean mass; NC, neck circumference; AC, abdominal circumference; WHtR, waist-to-height ratio; Adipo,

adiponectin; Lep, leptin; TNF-α, tumoral necrosis factor alfa; IFN-γ, interferon gamma; IL-6, interleukin 6; GJ, fasting glucose; CT, total cholesterol; HDL, high-density lipoprotein

cholesterol; TGL, triglycerides; LDL, low-density lipoprotein cholesterol; non-HDL-C, non-HDL cholesterol.

Bold values present p < 0.0001; underlined values present p < 0.05.
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TABLE 10 | Simple Pearson’s correlation coefficients (r) among women for anthropometric parameters, body composition, adipocytokines, and cytokines.

BMI PTBF MM NC WC WHtR Adipo Lep TNF-α IFN-γ IL-6 FG TC HDL TGL LDL Non-HDL-C

BMI 1.00 0.77 0.66 0.80 0.87 0.83 0.11 0.08 0.26 0.31 0.24 0.18 −0.14 −0.27 −0.04 −0.05 −0.04

PTBF 1.00 0.21 0.56 0.73 0.77 0.10 0.16 0.16 0.20 0.14 −0.02 0.07 −0.10 0.06 0.10 0.12

MM 1.00 0.68 0.57 0.37 0.04 0.07 0.14 0.18 0.23 0.25 −0.25 −0.34 −0.11 −0.12 −0.14

NC 1.00 0.82 0.75 0.01 0.12 0.20 0.24 0.16 0.22 −0.20 −0.37 −0.08 −0.05 −0.06

WC 1.00 0.96 0.08 0.14 0.25 0.32 0.27 0.21 −0.14 −0.27 −0.05 −0.04 −0.04

WHtR 1.00 0.08 0.05 0.27 0.33 0.26 0.14 −0.08 −0.21 −0.03 0.00 0.00

Adipo 1.00 −0.11 −0.12 −0.12 0.17 −0.02 0.00 0.07 −0.05 −0.03 −0.03

Lep 1.00 0.20 0.20 0.04 0.42 0.01 0.07 0.13 −0.11 −0.01

TNF-α 1.00 0.97 0.56 0.18 0.02 −0.05 0.03 0.04 0.05

IFN–γ 1.00 0.57 0.20 −0.02 −0.08 0.03 0.00 0.01

IL−6 1.00 0.13 0.03 −0.09 −0.05 0.11 0.08

FG 1.00 0.02 −0.13 0.24 −0.07 0.08

TC 1.00 0.43 0.47 0.85 0.93

HDL 1.00 −0.17 0.14 0.07

TGL 1.00 0.17 0.59

LDL 1.00 0.88

Non-HDL-C 1.00

BMI, body mass index; PTBF, percentage of total body fat; FM, fat mass; LM, lean mass; NC, neck circumference; AC, abdominal circumference; WHtR, waist-to-height ratio; Adipo,

adiponectin; Lep, leptin; TNF-α, tumoral necrosis factor alfa; IFN-γ, interferon gamma; IL-6, interleukin 6; GJ, fasting glucose; CT, total cholesterol; HDL, high-density lipoprotein

cholesterol; TGL, triglycerides; LDL, low-density lipoprotein cholesterol; non-HDL-C, non-HDL cholesterol.

Bold values present p < 0.0001; underlined values present p < 0.05.

TABLE 11 | Simple Pearson’s correlation coefficients (r) among men for anthropometric parameters, body composition, adipocytokines, and cytokines.

BMI PTBF MM NC WC WHtR Adipo Lep TNF-α IFN-γ IL-6 FG TC HDL TGL LDL Non-HDL-C

BMI 1.00 0.74 0.67 0.61 0.78 0.71 −0.02 0.11 −0.13 0.00 0.06 −0.09 −0.01 −0.37 0.19 −0.02 0.12

PTBF 1.00 0.11 0.42 0.62 0.68 0.00 −0.04 −0.05 0.05 0.06 −0.17 0.00 −0.41 0.27 −0.05 0.14

MM 1.00 0.58 0.55 0.25 0.01 0.20 −0.10 0.01 0.15 −0.08 −0.04 −0.19 −0.06 0.08 0.03

NC 1.00 0.75 0.61 0.16 0.25 −0.03 0.07 0.14 −0.12 0.10 −0.04 −0.14 0.23 0.11

WC 1.00 0.93 0.09 0.18 −0.02 0.10 0.17 −0.02 0.09 −0.29 0.06 0.16 0.19

WHtR 1.00 0.05 0.14 −0.01 0.09 0.11 0.03 0.11 −0.27 0.15 0.11 0.20

Adipo 1.00 0.03 0.15 0.10 0.01 −0.14 0.16 −0.16 −0.03 0.26 0.21

Lep 1.00 −0.12 −0.12 0.04 0.06 0.05 0.00 0.11 −0.04 0.05

TNF–α 1.00 0.85 0.55 −0.08 −0.21 −0.02 −0.08 −0.16 −0.20

IFN–γ 1.00 0.59 −0.22 −0.21 −0.04 −0.12 −0.12 −0.20

IL-6 1.00 −0.15 −0.25 −0.05 −0.20 −0.09 −0.22

FG 1.00 −0.15 0.02 0.01 −0.18 −0.15

TC 1.00 0.13 0.38 0.74 0.94

HDL 1.00 −0.33 0.01 −0.22

TGL 1.00 −0.25 0.49

LDL 1.00 0.72

Non-HDL-C 1.00

BMI, body mass index; PTBF, percentage of total body fat; FM, fat mass; LM, lean mass; NC, neck circumference; AC, abdominal circumference; WHtR, waist-to-height ratio; Adipo,

adiponectin; Lep, leptin; TNF-α, tumoral necrosis factor alfa; IFN-γ, interferon gamma; IL-6, interleukin 6; GJ, fasting glucose; CT, total cholesterol; HDL, high-density lipoprotein

cholesterol; TGL, triglycerides; LDL, low-density lipoprotein cholesterol; non-HDL-C, non-HDL cholesterol.

Bold values present p < 0.0001; underlined values present p < 0.05.

diagnosis of lipodystrophy and a third of the control group (n
= 6). There was no positive association between groups when
the sample was stratified by female (p = 0.3821) and male (p =

0.1026) subjects.

In individuals with lipodystrophy, there may be a limitation
in the storage of triglycerides in the adipose tissue, which results
in the relocation of triglycerides to non-typical sites, the liver or
skeletal muscles, and development of insulin resistance (18, 19).
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The present research identified higher serum triglyceride values
both in women with lipodystrophy (p = 0.0453) and in men
living with HIV/AIDS (p = 0.0307) in relation to the control
group, when stratified by sex. When stratified by group, no
significant difference in lipid profile between genders in the
control group was found. For PLWHA group, it was identified
a higher mean value of triglycerides for men (p = 0.0318)
and a higher mean value of LDL for women (p = 0.012). The
greatest differences were observed in the group of PLWHA with
a clinical diagnosis of HALS, being the values of total cholesterol
(p = 0.0035), HDL-cholesterol (p = 0.0184), LDL-cholesterol
(p = 0.0193), and non-HDL cholesterol (p = 0.0268) higher
for female subjects. Another study that also assessed the lipid
profile between genders found a statistical difference only for
triglyceride levels (28). It is noteworthy that women have higher
values of HDL-cholesterol compared to men. In addition to the
HIV infection itself also playing a role in lipid alterations (29),
such disorders are also associated with changes and accumulation
of body fat (30). It is important to emphasize that the mean BMI
of those women living with HIV/AIDS was 25.81 ± 4.77 kg/m²
and the total percentage of body fat was 31.36 ± 8.26% (23.16 ±
9.89 kg), being considered as excessive.

There are reports in the literature of the relationship
between estrogen and body fat, through the reduction in the
activity of abdominal lipolysis. Women in the climacteric or
menopause phase, a period in which there is a reduction in
estrogen, have an increase in fat mass and redistribution of
body fat to the abdominal area, a risk factor for developing
cardiovascular events (31, 32). Since no difference for WC, neck,
or WHtR between sexes or groups was found, to investigate
differences between women considering the climacteric period
or menopause, these subjects were stratified as below or above
45 years. Interestingly, anthropometric values showed higher
variations for women under 45 years, including the mean value
of adiponectin (p = 0.0031). No differences were observed for
metabolic profile.

Adipose tissue is an important focus of inflammation in the
context of obesity, with recruitment of macrophages to this site,
as these cells produce proinflammatory cytokines. In the context
of HIV infection, adipose tissue is a crucial cofactor both for viral
persistence and for activation and chronic immune inflammation
with cardiovascular and metabolic consequences. Adipocytes
from obese individuals express disproportionately high levels of
TNF-α, characteristic of a systemic inflammatory response (33),
while free serum levels are strongly correlated with BMI (34).
In the present, it was possible to observe higher serum levels
of TNF-α in men living with HIV/AIDS without lipodystrophy,
compared with men with HALS. Opposing such findings, the
literature reports an increase in the expression of IL-6 and TNF-α
in PLWHA diagnosed with lipoatrophy (35).

When stratifying by sex, it was possible to observe a statistical
difference between PLWHA group without HALS, with serum
levels of TNF-α being higher in men (p = < 0.0001). Positive
correlations between such variables with IFN-γ (r = 0.86, p =

< 0.0001) and IL-6 (r = 0.53, p = < 0.0001) were observed.
No evaluation considering the method and treatment period
to better elucidate these findings among PLWHA groups was

conducted, but these data may better reflect the inflammatory
status of those individuals, since both exposure to the virus and
different treatment methods have a direct relationship to the
disease’s chronicity.

Interferons are a class of proteins involved in natural
defense, which act by inducing resistance to viral infections
and modulating the immune response (36). Increased plasma
concentrations of IFN-γ have been documented in several viral
infections, including HIV (37). In this study, it was not possible
to observe differences in serum levels of this variable between
groups, but we found a positive correlation with IL-6 levels (r =
0.59, p= < 0.0001).

In parallel with the antiviral activity, IFN-γ has considerable
endocrine and metabolic effects, mainly by regulating lipid
metabolism, as evidenced by the following observations: it
stimulates hepatic lipogenesis, increasing hepatic de novo fatty
acid synthesis and VLDL production; reducing the activity of
lipoprotein lipase in adipose tissue; increases lipolysis through
a direct effect on fat cells; and decreasing triglyceride clearance
(38). Despite the findings in the literature, it was impossible to
observe a correlation between lipid profile and IFN-γ levels in
the present research.

Recent studies have shown that plasma levels of adiponectin
and IL-6 are inversely correlated, suggesting that cytokines are
possible regulators of adiponectin production (39, 40), but it
was not possible to identify such an association in this research.
Cross-sectional studies showed that acute phase reactants such
as C-reactive protein (CRP) and cytokines (lL-6 and TNF-α) are
related to components of the MS, such as BMI, WC, resistance
to insulin, hypertension, and dyslipidemia (41–44). This study
identified a positive correlation between serum IL-6 levels with
weight (r = 0.21, p = 0.0315) and lean mass (r = 0.21, p
= 0.0282). Such outcome was also found between abdominal
obesity and circulating levels of IL-6 in another study (45). The
present data indicate that WC had a positive relationship with
both IFN-γ (r= 0.20, p= 0.0373) and IL-6 (r= 0.23, p= 0.0162).

Adiponectin is an adipocyte-specific cytokine, previously
observed as abnormal in the context of HIV infection and
lipodystrophy (46). Such protein is known to have metabolic
effects that include increased insulin sensitivity and potential
cardioprotective effects in the general population (47, 48). In
the present research, it was not possible to observe differences
in serum adipocytokine levels between groups, and also positive
correlations with other parameters. Tong et al. (49), who also
assessed the same matched by sex and BMI groups, also found
no difference between serum adiponectin levels between groups,
but an inverse correlation between adiponectin levels and HALS
(49) reduced in individuals with fat redistribution, suggesting
that such alteration may contribute to the development of
lipodystrophy syndrome (46, 48). It is important to note that the
aforementioned study only assessedmale individuals with amean
BMI of 24.8 kg/m², that is, eutrophic. In the present research,
even stratified by sex, no difference between serum adiponectin
levels among men from different groups was evidenced, although
the BMI was 25.3 kg/m², considered as overweight. Furthermore,
there was no statistical difference for both sexes between the
total fat percentage of the groups, which suggests a homogeneity
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between them in relation to the total amount of fat mass,
failing to agree with the literature, which shows a different
fat percentage between groups. Another point of consideration
is the lipodystrophy classification, which in this study was
performed according to the clinical diagnosis, that is, from the
agreement between the individual’s complaints and the clinician’s
observations, while in other comparative studies, in addition to
the clinical complaint, the waist–hip ratio was also used as one of
the defining parameters of lipodystrophy.

As a hormone secreted by adipocytes, leptin primarily reflects
the fat mass, acting as an important regulator of energy
homeostasis (50). Like adiponectin, leptin is expected to be
reduced in PLWHA with HALS (51), but it was not possible to
observe any difference in serum leptin levels between groups
in the present investigation, even when stratified by sex. It is
noteworthy that the lack of statistical difference is due to a high
standard deviation for all groups, since observing the brute mean
values, it is possible to notice a trend of reduced leptin values
in PLWHA compared with the control group, but, again, with
no statistical relevance. On the other hand, positive correlations
with weight (r = 0.31, p = 0.0395), lean mass (r = 0.24, p =

0.0105), NC (r = 0.27, p= 0.0046), and fasting glucose (r = 0.21,
p = 0.0234) were observed. Vigouroux et al. (51) also found a
positive correlation between serum levels of leptin and fasting
glucose (52).

The profile of PLWHA has changed with the advancement of
disease-specific therapy, going from an acute disease to a chronic
disease controlled by ART, revealing other health disturbances, in
addition to limnological changes. These factors contribute to the
development of non-AIDS-related comorbidities and the main
causes of death in PLWHA are associated with cardiovascular
diseases, diabetes mellitus, dyslipidemia, neurological disorders,
kidney and liver diseases, bone disorders, and non-AIDS-
related cancers. If before caring about this group was related
to the wasting syndrome, today the main concern is in relation
to changes in nutritional status, related to excessive weight
and consequent metabolic alterations. Thus, it is essential to
trace the metabolic nutritional profile of these individuals to
seek interventions and improve the health and life quality of
PLWHA, trying to reduce both the impact of the infection
and the adverse effects of ART. In the DAD (53) study (Data
Collection on Adverse Events of Anti-HIV Drugs), a large
multinational prospective cohort study of adverse events in
PLWHA, the authors showed a strong association of increased
period of ART administration with higher rates of myocardial
infarction. The authors highlight the importance of studying
the relationship between metabolic disorders associated with
ART and their contribution to the premature development
of cardiovascular diseases, since such findings directly imply
the clinical treatment of the illness, with the emphasis on
non-pharmaceutical measures aimed at reducing cardiovascular
disease risk (54), correlations that should be investigated in
future study.

As a clinical study, limitations from individuals’ recruitment
to the literature outcome comparison are challenges to be
mitigated, since several factors can interfere in this process.
Although the data investigated and the results achieved indicate

a substantial advance in this field of knowledge, more in-
depth studies with longitudinal approaches could further
elucidate the implications of the cytokine and metabolic
nutritional profile of PLWHA, mainly related to metabolic and
lipodystrophy syndromes.

CONCLUSION

Collinearity of WHtR with all anthropometric parameters was
identified both for the general sample and for gender, except for
muscle mass. A strong association between IFN-γ and TNF-α
was identified both for the general sample and for gender, and
a moderate correlation between leptin and fasting glucose for
women was showed.

Decrease in triglyceride profile was observed both for
women with lipodystrophy and for men in PLWHA without
lipodystrophy when compared to each respective control group.
Higher serum TNF-α values were found among men without
lipodystrophy compared to those with HALS.

Considering the syndrome’s manifestations, these patients
have a high-risk endocrine metabolic profile for cardiovascular
events. Due to this fact, it is necessary to invest in strategies aimed
at preventing and controlling possible comorbidities to improve
patient survival.
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