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Abstract:

Introduction : Testosterone Deficiency (TD) is a frequent but often overlooked comorbidity among men living with
HIV (MLWHIV). This study compared TD frequency using Total Testosterone (TT) and calculated Free Testosterone
(cFT) and factors potentially associated with this condition.

Methods : This observational cross-sectional study included MLWHIV > 18 years receiving Antiretroviral Therapy
(ART). Clinical and laboratory data were collected. Bone Mass (BM), Lean Mass (LM), and Fat Mass (FM) were
assessed using Dual-energy X-ray Absorptiometry (DXA). TD was defined as Total Testosterone (TT) < 300 ng/dL
and/or calculated Free Testosterone (cFT) < 6.4 ng/dL.

Results : Eighty-four participants were included from May 2014 to August 2015. TD prevalence was 22.6% by TT and
44% by cFT (p < 0.001). Participants with TD were older (50 vs. 45 years, p < 0.01), had a higher prevalence of
metabolic syndrome (27% vs. 4.3%, p < 0.01), increased waist circumference (21.6% vs. 4.3%, p < 0.05), and a lower
frequency of normal BM (37.5% vs. 67.5%, p < 0.05).

Discussion : TD was more frequent used with cFT criteria and was associated with older age, metabolic syndrome,
abdominal obesity, and lower bone mass. No correlation was found with CD4 count or ART exposure, likely reflecting
a virologically suppressed and homogeneous cohort. The single-center, cross-sectional design limits causal inference
and external generalizability.

Conclusion : In MLWHIV, the cFT criterion identified more cases of TD than TT alone. TD is associated with low
bone mass, increased waist circumference, and a higher prevalence of metabolic syndrome, highlighting the
importance of systematic evaluation using cFT. Longitudinal studies are needed to clarify causal pathways and guide
management.
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1. INTRODUCTION

The effectiveness of Antiretroviral Therapy (ART) has
prolonged the disease-free life of people living with the
Human Immunodeficiency Virus (HIV). On the other hand,
HIV treated with ART is associated with a series of
comorbidities unrelated to Acquired Immunodeficiency
Syndrome (AIDS), characterizing the HIV infection as a
chronic condition [1, 2].

Low testosterone levels are commonly seen in men
living with HIV (MLWHIV). It is associated with higher
mortality, frailty, osteoporosis, worse quality of life, and
sexual performance [3, 4]. The prevalence depends on the
population studied and the diagnostic criteria used,
varying from 3 to 60% in the post-ART era [4].

Testosterone circulates in plasma in free (unbound)
and protein-bound form. Only 1-4% is found in free form,
while the majority is bound to albumin and Sex Hormone
Binding Globulin (SHBG) [5]. HIV infection is associated
with an increase in SHBG levels, which leads to normal
levels of total testosterone and low levels of the free form
[6]. The Endocrine Society recommends the calculation of
Free Testosterone (cFT) or direct measurement using a
balance dialysis assay for laboratory diagnosis of
hypogonadism in MLWHIV. Measurements using
immunoassays are not recommended as they are less
accurate [6].

Testosterone Deficiency (TD) screening in MLWHIV is
recommended by the Infectious Diseases Society of
America (IDSA) in the presence of reduced libido, erectile
dysfunction, reduced bone mass, or fragility fracture. The
Endocrine Society also includes cases of weight loss [6, 7].

The pathophysiology of low testosterone levels in this
population is multifactorial, and there is controversy
regarding the associated predictive factors [8, 9]. Clinical
factors such as age, body mass index, waist
circumference, metabolic syndrome, smoking, diabetes,
duration of illness, and duration of ART appear to be
associated with an increased risk of testosterone
deficiency [4].

This study aimed to evaluate the frequency of TD in
MLWHIV, the factors, and changes in body composition
potentially associated with this condition.

2. MATERIALS AND METHODS
2.1. Study Design and Participants

2.1.1. Inclusion and Exclusion Criteria

This observational cross-sectional study included
MLWHIV aged over 18 years, recruited from the Infectious
Diseases Outpatient Clinic of a tertiary care university
hospital in the metropolitan region of Rio de Janeiro,
Brazil. Participants were selected through convenience
sampling. The exclusion criteria included previous use of
anabolic steroids, androgenic agents, psychotropic drugs,
opioids, or other substances that interfere with gonadal
function, the presence of severe chronic or acute illness,
endocrinopathies such as pituitary, thyroid, gonadal, or
adrenal diseases, chronic kidney disease with a glomerular
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filtration rate below 60 mIL/min/1.73 m* according to CKD-
EPI, and any changes in the ART regimen within the last
six weeks [10].

The study was approved by the Research Ethics
Committee of the University Hospital CAAE
17322613.9.0000.5243 and all participants signed an
informed consent form before entering the study.

2.1.2. Clinical Assessment

Clinical data (gender, age, smoking, and alcohol
consumption, duration of ART and HIV diagnosis) and
anthropometric data (weight, height, cervical and
abdominal circumference) were collected. The clinical
assessment was carried out by the same examiner. Body
weight was measured using a Filizola anthropometric
scale (Sao Paulo, SP, Brazil) calibrated by the Brazilian
National Metrology Institute. Height was assessed using a
stadiometer, with the patient standing upright, arms
extended along the body, head raised, and looking at a
fixed point at eye level, with feet together and legs
forming a right angle. Waist Circumference (WC) was
measured with an inelastic SANNY measuring tape (Sao
Bernardo do Campo, SP, Brazil), at the midpoint between
the iliac crests and the last ribs, with the patient in an
upright position at the end of the expiratory respiratory
movement [11]. Neck Circumference (NC) was measured
in the middle of the neck, immediately below the laryngeal
prominence, with the participant in an upright position,
looking forward, and with shoulders down. Body Mass
Index (BMI) was calculated by dividing the weight,
expressed in kilograms, by the square of the height in
meters (kg/m®). Participants were classified according to
Body Mass Index (BMI) as underweight, eutrophic,
overweight, and obese [12]. The waist-to-height ratio
(WHtR) was calculated by dividing the waist by height,
with a cutoff point of 0.50 [13]. WC = 102 cm was
considered increased and Metabolic Syndrome (MS) was
defined by the NCEP ATPIII (National Cholesterol
Education Program Adult Treatment Panel III) diagnostic
criteria and included 3 of the following 5 criteria: WC =
102 cm in men, triglycerides = 150 mg/dl or specific
treatment, HDL-cholesterol < 40 mg/dl, Systolic Blood
Pressure (SBP) = 130 mmHg or Diastolic Blood Pressure
(DBP)= 85 mmHg or treatment with antihypertensives,
and fasting blood glucose = 100 mg/dL or taking
medication for glycemic control [14]. Diabetes Mellitus
(DM) was defined according to the American Diabetes
Association (ADA, 2024) criteria, as two fasting blood
glucose levels = 126 mg/dL or an HbAlc level= 6.5%, or
the wuse of medication for glycemic control.
Hypovitaminosis D was defined as 25-OH vitamin D TOTAL
(25 (OH)D3) levels <30 ng/dL, as recommended in
patients using ART [15].

2.1.3. Laboratory Assessment

Blood samples were collected in the morning after an
overnight fast. Total testosterone and SHBG were
measured using the Immulite 2000 Kit (Siemens). The
reference values for SHBG are 10.0 to 57.0 nmol/L, and
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for Total Testosterone (TT), they are 129 to 767 ng/dL.
Free testosterone was calculated according to Vermeu-
len's formula available at https://www.issam.ch/freetes
to.htm [16].

The diagnosis of TD was verified by two criteria: serum
TT levels < 300 ng/dL and/or cFT < 6.4 ng/dL (64 pg/mL)
[6].

The 25(0OH)D3 was measured using the LIAISON® 25
OH vitamin D TOTAL assay using the chemiluminescent
immunoassay technology. Total Cholesterol, Triglyceride,
HDL, and Glycemia were evaluated using an automated
enzymatic/colorimetric method. LDL was calculated using
the Friedewald equation (Total Cholesterol Col
(Triglycerides / 5) - HDL). Creatinine was assessed using
the modified Jaffé kinetic method.

2.1.3.1. Assessment of Body Composition using the
Dual-energy X-ray Absorptiometry (DXA) Technique

Whole-body DXA was performed using the Lunar iDXA
model - General Electric Healthcare, Madison, WI (Encore
2010 software - version 13.40). DXA was performed in the
supine position, with standard limb positioning, and the
subject was fasting for at least 2 hours.

2.1.3.2. Bone Mass

Bone Mineral Density (BMD), in g/cm’, was measured
in the Total Femur (TF), Femoral Neck (FN), lumbar spine
(L1-L4), and forearm [distal radius third (radius 33%) and
Ultradistal Radius (UD)]. For individuals aged = 50 years,
BMD was assessed using T-scores at thresholds: T-score =
—1.0 for normal BMD, T-score < —1.1 and > —2.5 for
osteopenia, and T-score < -2.5 for osteoporosis. For men
aged < 50 years, age-adjusted Z-scores were calculated,
with a Z-score = — 2.0 being considered low bone mass for
age, as recommended by the World Health Organization
(WHO) and the International Society of Clinical
Densitometry (ISCD) [17, 18].

2.1.3.3. Lean Mass

Lean Mass Was Assessed Using The Appendicular lean
mass index (ALM), which is the sum of the lean mass of
the upper and lower limbs. Low lean mass was defined
using the criteria established by Baumgartner and the
Foundation for the National Institutes of Health (FNIH).
The first is the relationship between the ALM and the
square of the height in meters. Results < 7.26 kg/m’ in
men define low lean mass [19]. The second is the
relationship between ALM and BMI, with low lean mass
being defined as a value < 0.789 in men [20].

2.1.3.4. Fat Mass

Fat mass was assessed using the Fat Mass Index
(FMI), Fat Mass Ratio (FMR), and Android Gynoid ratio
(A/G). FMI is the relationship between total body fat in
kilograms and the square of height in meters [21]. Values
greater than 6 kg/m* were considered high [22]. The FMR
is the ratio between the percentage of fat mass in the
trunk and the percentage of fat mass in the lower limbs
[23]. The A/G ratio is the relationship between body fat in

the android region (located between the ribs and the
pelvis, with a demarcation greater than 20% of the
distance between the iliac crest and the neck and a lower
demarcation at the top of the pelvis) and the body fat of
the gynoid region (area located between the hips and the
upper thighs, with an upper demarcation below the top of
the iliac crest at a distance of 1.5 times that of the android
height). Values = 1 were considered increased [22].

2.1.3.5. Lipodystrophy

Lipodystrophy was defined as the presence of
Lipohypertrophy (LH) and/or Lipoatrophy (LA). LH was
defined as the presence of increased WC (= 102 cm) and
increased WHtR (= 0.5). LA was defined by the
relationship between the percentage of leg fat and BMI <
0.65 [23, 24].

2.1.3.6. Statistical Analysis

Statistical analysis was performed using the statistical
software R version 3.3.2 for Windows. Continuous
variables are presented as medians and Interquartile
Ranges (IQRs). Categorical variables are presented as
absolute frequencies (n) and percentages (%). Data were
subjected to the student’s t-test and ANOVA (for normal
distribution) or the Mann-Whitney or Kruskal-Wallis test
(for non-parametric data) according to the sample
characteristics. The Pearson or Spearman correlation was
used for continuous variables. The chi-square test (x2) or
Fisher's exact test was used for categorical variables. A p-
value of less than 0.05 was considered statistically
significant.

3. RESULTS

In total, 84 MLWHIV were included from May 2014 to
August 2015, all of them were on ART for at least two
years. Median age was 47 (40-52) years. The time of HIV
diagnosis was 12 (8-17) years, and the duration of ART
was 10 (6-15.5) years. Considering the class of
antiretrovirals: 98.7% were using nucleoside analogue
reverse transcriptase inhibitors (NRTI), 65% were using
non-nucleoside analogue reverse transcriptase inhibitors
(NNRTI), 49,3% were using protease inhibitors, and a few
(7,5%) were on integrase inhibitors. All of them had an
undetectable viral load. The CD4 count was 582 (411-769)
cellssmm® and the CD4 nadir was 113.5 (37.8-249.3)
cells/mm’ (1).

The median TT levels were 396.5 (314.8-490.2) ng/dL,
SHBG 45.4 (35.0-60.2) nmol/L, and cFT 6.6 (5.3- 7.4) ng/dL.
Considering only the TT value, the TD frequency was 19
(22.6%), and when calculating the FT, the DT frequency
increased to 37 (44%).

The majority (54.8%) of participants were eutrophic,
and 10 (12%) had increased WC. DM occurred in 4
participants (4.8%), MS in 12 (14.3%), and hypovitaminosis
D in 66 participants (79.5%).

A total of 72 participants were evaluated by DXA, and
changes in Bone Mineral density (BM) occurred in 33
participants: 9.7% had osteoporosis, 30.5% had osteopenia,
and 5.5% had low bone mineral density for their age. The
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frequency of low LM was 27.7% using the Baumgartner
criterion and 5% using the FNIH criterion. Lipodystrophy
was observed in 45 participants (53.6%). The frequency of

increased FMI was 38.6%, and the frequency of increased
A/G was 81.4% (Table 2).

Table 1. General characteristics of the population and comparison of groups with and without Testosterone

Deficiency (TD) by cFT criterion.

- All (84) With TD (37) | Without TD (47) | p-value
Age (years) (Median 1Q:25-75) 47.0 (40.0-52.0) 50 (46.0-57.0) 45 (38.0-50.0) 0.005
Smoking (%) 21 (25.0) 10 (27.03) 11 (23.4) 0.890
Alcoholism (%) 4 (5.0) 1(2.7) 3(6.5) 0.620
HIV data (Median 1Q:25-75) - - -
Time of ART (years) 10 (6.0-15.5) 11 (8.0-16.0) 9.5 (6.0-15.0) 0.532
Time of HIV diagnosis (years) 12 (8.0-17) 11 (10.0-17.0) 12.5 (8.0-16.0) 0.840
Viral load copies (copies/mm'“‘) 0 (0-0) 0 (0-0) 0 (0-0) 0.519
CD4 count (cells/mm®) 582 (411.0-769.0) |645.5(437.5-777.8) | 508 (390.0-749.0) | 0.245
CD4 nadir 113.5(37.8-249.3) | 105 (43.0-229.0) | 116 (31.0-259.0) | 0.930
Antiretroviral therapy (ART) % - - -
Protease inhibitor 39 (49.3) 16 (43.2) 23 (54.0) 0.490
Nucleoside analogue reverse transcriptase inhibitors 78 (98.7) 37 (100.0) 41 (95.0) 0.490
Integrase inhibitor 6 (7.5) 2 (5.4) 4(9.4) 0.689
Non-nucleoside analogue reverse transcriptase inhibitors. 51 (65.0) 25 (70.3) 26 (60.5) 0.674
Anthropometric data - - -
Weight (kg) (Median 1Q:25-75) 72.9 (64.4-82.0) | 75.40 (66.0-86.3) | 71.8 (64.3-80.9) 0.297
Body mass index (kg/m®) 24.3(22.4-26.2) 24.9(21.9-28.3) | 23.91(22.5-26.4) | 0.488
(Median 1Q:25-75)
Waist circumference (cm) 90.8 (84.0-97.5) 92 (84.0-102.0) 88.5 (84.3-94.8) 0.070
(Median 1Q:25-75)
Neck circumference (cm) 38 (36.3-40.0) 38 (37.0-40.0) 38 (36.1-40.0) 0.199
(Median 1Q:25-75)
Increased WC (%) 10 (12.0) 8(21.6) 2(4.3) 0.016
Increased WHtR 60 (71.4) 28 (76.0) 32 (70.0) 0.710
Nutritional status (%) - - -
Eutrophic 46 (54.8) 19 (51.3) 27 (57.5) 0.730
Overweight 32(38.1) 14 (37.8) 18 (38.3) 1.000
Obesity 6(7.1) 4 (11.0) 2(4.2) 0.390
Comorbidities (%) - - -
Diabetes Mellitus 4(4.8) 2(5.4) 2 (4.3) 1.000
Metabolic syndrome 12 (14.3) 10 (27.0) 2 (4.3) 0.004
Vitamin D status (%) - - -
<30 (ng/dL) 66 (79.5) 32 (86.5) 34 (74.0) 0.182
<20 (ng/dL) 37 (44.6) 21 (56.8) 16 (24.8) 0.075
Increased SHBG (%) 27 (31.2) 16 (43.2) 11 (23.4) 0.054
Laboratory tests (Median 1Q:25-75) - - -
Total testosterone (ng/dL) 396.5 (314.8-490.2)(327.0 (267.0-402.0)|444.0 (390.0-511.0)| < 0.001
SHBG (nmol/L) 45.4 (35.1-60.2) 50.2 (32.7-65.8) 44.4 (35.7-55.1) 0.169
Calculated free testosterone (ng/dL) 6.6 (5.3-7.4) 5.0 (4.5-5.9) 7.3 (6.8-9.4) <0.001

Note: Data presented as n (%); Median (IQ: 25-75).

Abbreviations: TD: testosterone deficiency; HIV: human immunodeficiency virus; ART: antiretroviral therapy;
BMI: body mass index; WC: waist circumference WHtR: waist-to-height ratio; IDF: International Diabetes Association; NCEP: National
Cholesterol Education Program; PTH: parathyroid hormone; 25(OH)D3: 25 OH vitamin D; SHBG: sex hormone binding globulin
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Table 2. DXA data: Comparison between groups with and without Testosterone Deficiency (TD) using the cFT

criterion.
- All (72) With TD (32) Without TD (40) p-value
Bone mass (Median 1Q:25-75) - - - -
BMD L1-L4 (g/cm?) 1.1(1.0-1.2) 1.1(1.0-1.2) 1.1(1.0;1.2) 0.567
T-score L1-L4 -1.2(-1.5;-0.3) -1.2(-1.6;-0.3) -1.2(-1.5;-0.4) 0.878
Z-score L1-L4 -1.1(-1.4;0.1) -1.1(-1.5;0.1) -1.0(-1.4;-0.3) 0.489
BMD femoral neck (g/cm®) 1.0 (0.9-1.1) 1.0(0.9;1.1) 1.0 (0.9;1.1) 0.316
T-score femoral neck -0.8 (-1.5;-0.1) -0.6 (-1.5;-0.2) -0.9(-1.4;-0.1) 0.748
Z-score femoral neck -0.1 (-0.7;0.3) -0.2 (-0.7; 0.3) -0.1 (-0.7; 0.4) 0.682
BMD total femur (g/cm®) 0(0.9-1.1) 0(0.9-1.1) 1.0 (0.9;1.1) 0.895
T-score total femur -0.6 (-1.2; 0.0) -0.6 (-1.3; 0.0) -0.7 (-1.2;-0.1) 0.847
Z-score total femur 9(0.9-1.0) -0.4 (-0.8;0.1) -0.3(-0.7;0.1) 0.574
BMD distal radius third (g/cm?) 0.9 (0.9-1.0) 9(0.9-1.0) 0.9(0.9; 1.0) 0.469
T-score distal radius third -0.7 (-1.3;-0.1) -0.8(-1.4;0.0) -0.5(-1.1;-0.1) 0.557
BMD ultradistal radius (g/cm®) 0.5(0.4-0.5) 0.5(0.4-0.5) 0.5(0.4;0.6) 0.074
T-score ultradistal radius -0.8 (-1.6; 0.4) -1.1(-1.8;-0.2) -0.6 (-1.5;0.9) 0.065
Bone mass classification (%) - - - -
Normal BM 9 (54.2) 2 (37.5) 27 (67.5) 0.021
Low BM for age 4(5.5) 0 4 (10.0) 0.120
osteopenia 2 (30.5) 16 (50) 6 (15.0) 0.003
osteoporosis 7 (9.7) 4(12.5) 3(7.5) 0.690
Lipodystrophy (%) - - - -
Lipohypertrophy 33 (39.8) 17 (45.9) 16 (34.8) 0.307
Lipoatrophy 17 (23.6) 6(18.8) 11 (27.5) 0.392
Total (LH and/or LA) 45 (53.6) 21 (56.8) 24 (51.1) 0.609
Lean mass (Median 1Q:25-75) - - - -
Appendicular lean mass (kg) 23.6 (21.1- 26.1) 23.4 (20.9 - 26.0) 24.2 (21.2-26.1) 0.961
Baumgartner (kg/m®) 8.1(7.2-9.0) 7.8(7.1-9.2) 8.2(7.4-8.9) 0.590
FNIH 1.0(0.9-1.1) 0.9 (0.9-1.1) 1.0(0.9-1.1) 0.316
Lean mass classification (%) - - - -
Baumgartner (kg/m?) 20 (27.7) 11 (33.0) 9 (23.0) 0.480
FNIH 4(5.5) 2 (6.3) 2 (5.0) 1.000
Fat mass (Median 1Q:25-75) - - - -
Trunk fat percentage 14.8 (11.7 - 18.2) 15.6 (12.2-19.2) 14.5(10.0 - 17.6) 0.210
Leg fat percentage 18.8 (14.8-23.7) 21.4 (15.8-25.9) 18.1 (13.9 - 22.0) 0.109
FMR 1.6 (1.2-3.3) 1.5(1.2-2.1) 1.5(1.3-1.8) 0.711
FMI (kg/m®) 5.3(4.0-7.2) 5.8(4.3-8.4) 5.2(3.9-6.7) 0.056
A/G 1.4(1.1-1.7) 1.3(1.1-1.6) 1.5(1.3-1.8) 0.162
Fat mass classification (%) - - - -
Increased FMI 27 (38.6) 15 (48.4) 12 (30.8) 0.136
Increased A/G 57 (81.4) 25 (80.6) 32 (82.1) 0.881

Note: Data presented as n (%); Median (IQ: 25-75).
Abbreviations: TD: testosterone deficiency; BMD: bone mineral density; BM: bone mass; FNIH: Foundation for the National Institutes of Health; FMR: fat

mass ratio; FMI: fat mass index; A/G: android gynoid ratio (A/G).

Using the cFT criterion, and comparing groups with
and without TD, those with TD were older (50 vs. 45 years,
p < 0.01), had a higher frequency of MS (27% vs. 4.3%, p

< 0.01), a higher frequency of increased WC (21.6% vs.
4.3%, p <0.05), lower frequency of normal BM (37.5% vs.
67.5%, p <0.05), and higher frequency of osteopenia (50%
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vs. 15%, p < 0.05). There was no difference between
groups in relation to CD4 count, duration, or type of ART,
frequency of low lean mass, lipodystrophy, or fat mass.

When evaluating the correlation between cFT levels
and the analyzed variables, a positive correlation was
observed with the T-score of the ultradistal radius (R =
0.25, p = 0.031) and with the BMD of the ultradistal
radius (R = 0.23, p = 0.047). Negative correlations were
found with Waist Circumference (WC) (R = -0.25, p =
0.021) and age (R =-0.30, p = 0.005).

4. DISCUSSION

In this observational cross-sectional study, the
frequency of TD in MLWHIV was evaluated using two
criteria, the levels of TT and cFT. We also verified
metabolic dysfunctions and body composition, as assessed
by DXA, in groups with and without TD. Most of the
included men were middle-aged and had been using ART
for more than 2 years.

Comparing the cFT and TT, a higher frequency of TD
diagnosis was observed when using the first criterion, 44%
vs. 22.6% (p <0.001) (Fig. 1). Monroe et al. observed that,
in MLWHIV, the use of TT alone would lead to a loss of TD
diagnosis in 30% of the sample [25]. Pezzaioli et al. also
compared the two criteria and found a frequency of 20.2%
versus 10.6% when using the cFT and TT criteria,
respectively [26]. Using cFT, twice as many participants
were diagnosed with TD. Most studies in the post-ART era
have assessed the frequency of TD using mixed criteria,
including TT and/or cFT values. TT levels to determine TD
were variable, from 280 to 346 ng/dL. Regarding cFT,
most authors used values <6.5 ng/dL. The non-

cFT

Without TD
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standardization of criteria implies a large variability in the
prevalence of TD in MLWHIV., Using mixed criteria, we
observed a variation from 8.7% to 34.5% [8, 9, 25-31].
Aggarwal et al. measured cFT using the Enzyme-linked
Immunosorbent Assay (ELISA) technique and found a
frequency of 66% TD in MLWHIV [27]. Data from these
studies are compiled in Table 3.

Previous studies have demonstrated a direct
relationship between CD4 count and testosterone levels
[9, 27, 29, 32]. Lachatre et al. reported an inverse
correlation between CD4 nadir and testosterone
deficiency, with values above 200 cells/mm® acting as a
protective factor [8]. However, in the present study,
neither CD4 count nor CD4 nadir was associated with cFT
levels. One possible explanation is that all participants had
undetectable viral loads and satisfactory CD4 counts,
resulting in a relatively homogeneous sample in terms of
viral suppression.

We did not observe an association between the time of
HIV diagnosis, the duration of ART, the type of ART, and
TD. Previous studies have also not found any association
between these parameters [28, 29]. However, in the study
by Lachatre et al. greater exposure to ART, regardless of
the class used, was associated with TD [8].

Regarding age, the present study corroborated that
increasing age is associated with an increase in the
prevalence of TD, which also occurs in the non-HIV-
infected population. Slama et al. looked at cFT levels in
499 men (182 HIV-infected and 267 HIV-uninfected) over
a 10-year period and observed a 1.2% per year decline in
these levels in both groups [33].

I

Without TD

Fig. (1). Frequency of testosterone deficiency (TD) based on total testosterone (TT) vs. free calculated testosterone (cFT) criteria.
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Table 3. Prevalence of testosterone deficiency (TD) in HIV-infected men in previous studies.

Author's name Year of Publication Number of Participants Prevalence of TD Diagnostic Criteria
Monroe et al. [25] 2014 364 9.3% TT<300 ng/dL or cFT <5 ng/dL
Gomes et al. [28] 2016 245 29.4% TT <280 ng/dL and/or cFT <6.5 ng/dL
Bajaj et al. [9] 2017 81 25.9% TT <300 ng/dL
Aggarwal et al. [27] 2018 100 66% TL <0.384 ng/dL
Pongener et al. [29] 2019 120 23.3% TT<300 ng/dL
Postel et al. [30] 2021 87 34.5% FT < 6.5 ng/dL
Pezzaioli et al. [26] 2021 94 10.6% pela TT TT <346 ngdL or
20.2% pela TLc cFT<6.5 ng/dL
Quiros-Roldan et al. [31] 2021 107 30.8% TT <346 ng/dL or
cFT =<6.5 ngldL
Lachatre et al. [8] 2022 231 8.7% cFT<7.0 ng/dL

Our data demonstrate a 27% frequency of metabolic
syndrome (MS) in the TD group, and we also observed an
association between these conditions. However, these
findings are conflicting in the literature. Gomes et al.
found a frequency of MS of 45.8% in 72 HIV-positive
individuals with TD; however, they did not find differences
in the frequency of MS comparing groups with and
without TD [28]. Lachatre et al. found a frequency of MS
of 10% in 20 HIV-positive individuals with TD and found
no difference in the frequency of MS between the groups
with and without TD [8]. Nevertheless, low testosterone
levels in men are associated with an increased risk of
developing metabolic syndrome regardless of BMI or
insulin resistance [34]. The mechanism is still uncertain,
but it is suggested that it is bidirectional; hypogonadism
increases the risk of metabolic syndrome and vice versa
[35].

Lipodystrophy is an adverse event associated with the
continuous use of ART; its frequency in people living with
HIV varies from a small percentage to 80% [36]. This
variability occurs due to the use of different methodologies
to characterize lipodystrophy. In this study, we employed
direct methods, including DXA and abdominal adiposity
measurements, to assess lipodystrophy and observed a
frequency of 56.8% in men with TD; however, we did not
find an association between TD and lipodystrophy. Fat
mass ratio has also been proposed in the HIV population
as a criterion for lipodystrophy [23]; nonetheless, there is
no defined cut-off for diagnosis. In this study, we did not
observe an association between FMR and TD. Gomes et al.
also found no association between testosterone deficiency
and lipodystrophy when comparing 72 MLWHIV and TD
with 173 MLWHIV without TD; however, WC values > 102
cm were more frequent in the TD group [28]. The current
study also demonstrated an association between TD and
WC > 102cm, in addition to an inverse correlation
between WC and cFT levels, which suggests that this
criterion may be a predictor of TD in MLWHIV.

The TD group showed a lower frequency of normal
bone mass and a higher frequency of osteopenia. No
differences were observed in relation to other factors that
influence of bone mass, such as levels of 25-hydrovitamin-
D, PTH, renal function, or smoking. Goh et al. carried out
a systematic review to evaluate the risk factors associated

with reduced bone mass in people living with HIV, and an
association was demonstrated between low testosterone
levels and reduced BMD [37]. According to a study by
Abreu et al., it was demonstrated that MLWHIV with
hypogonadism have a 5.9 times greater risk of low bone
mass than those with normal cFT levels [38].

In this study, both BMD and ultradistal radius T-score
showed a weak positive correlation with cFT levels.
Studies carried out in patients with hypogonadism
secondary to the use of GnRH analogues due to prostate
cancer showed a loss of bone mass mainly at the site of
the ultradistal radius, where there is a predominance of
trabecular bone in relation to cortical bone [39, 40].

People living with HIV have a higher prevalence of low
lean mass than controls without HIV, which has been
estimated at 28.8% [41]. Our data did not show an
association between TD and low lean mass in MLWHIV. A
recent meta-analysis selected studies that investigated
factors associated with low lean mass, as analyzed by
DXA; however, TD was not among the predictors evaluated
in these studies [42]. In addition to our study, we are
unaware of any other publication that has studied the
association between low lean mass, as assessed by DXA,
and low cFT levels.

Increased fat mass was associated with hypogonadism
[6]. However, we found no association between TD and
increased fat mass quantified by FMI or A/G ratio.
Lachatre et al. who studied MLWHIYV, also did not find any
difference in the percentage of body fat assessed by DXA
when comparing groups with and without TD [8].
However, they found a correlation between a fat
percentage >19% and hypogonadism, which suggests that
this parameter can be used to identify MLWHIV at risk of
hypogonadism [8].

5. LIMITATIONS OF THE STUDY

There were limitations to our study. First, external
validity is a concern, because this was a single-center,
hospital-based sample with well-controlled HIV infection,
and it may have differed from the typical MLWHIV in the
community. Second, the cross-sectional design limited us
to describing associations and not to elaborating causal
relationships.



8 The Open AIDS Journal, 2025, Vol. 19

We observed many controversies in the literature
regarding the changes associated with TD in MLWHIV,
especially in middle-aged individuals. More prospective
studies are needed to evaluate metabolic dysfunctions and
changes in body composition in MLWHIV and TD.

CONCLUSION

The frequency of TD in MLWHIV was 44% when using
the cFT criterion. The cFT criterion identified twice as
many participants with TD as with TT. Its diagnosis was
associated with harmful conditions such as metabolic
syndrome, changes in bone mass, and greater abdominal
circumference, which suggests the importance of
screening for TD and the use of cFT for its diagnosis;
however, further studies are needed to support the use of
this method as a diagnostic criterion.

AUTHORS CONTRIBUTIONS

The authors confirm contribution to the paper as
follows: D.V.S.: Study conception and design; A.B.B.N.:
Data collection; L.G.C. V.: Analysis and interpretation of
results; L.d.S.A., L. H.M.S.; Data curation; J.M.A.: Draft
manuscript preparation; D.V.S, G.A.B. L., RA.d.C.F.:
Review and editing;. All authors reviewed the results and
approved the final version of the manuscript.

LIST OF ABBREVIATIONS

AIDS = Acquired Immunodeficiency Syndrome
A/G = Android Gynoid Ratio

ALM = Appendicular Lean Mass Index
ART = Antiretroviral therapy

BM = Bone Mass

BMD = Bone Mineral Density

BMI = Body Mass Index

cFT = calculated Free Testosterone
DXA = Dual-energy X-ray absorptiometry
DM = Diabetes Mellitus

FM = Fat Mass

FMI = Fat Mass Index

FMR = Fat Mass Ratio

FN = Femoral Neck

IDSA = Infectious Diseases Society of America
HIV = Human Immunodeficiency Virus
LA = Lipoatrophy

LM = Lean Mass

LH = Lipohypertrophy

MLWHIV = Men Living With HIV

MS = Metabolic Syndrome

NC = Neck Circumference (NC)

de Siqueira Antunes et al.

NCEP ATPIII = National Cholesterol Education Program
Adult Treatment Panel III)

SHBG = Sex Hormone Binding Globulin

TD = Testosterone Deficiency

TF = Total Femur

TT = Total Testosterone

UD = Ultradistal Radius

WC = Waist Circumference

WHtR = Waist-to-Height Ratio

25 (OH)D3 = 25-OH vitamin D TOTAL

ETHICS APPROVAL AND CONSENT TO

PARTICIPATE

The study was approved by the Research Ethics
Committee of the University Hospital Antonio Pedro,
Brazil (CAAE 17322613.9.0000.5243).

HUMAN AND ANIMAL RIGHTS

All human research procedures followed were in
accordance with the ethical standards of the committee
responsible for human experimentation (institutional and
national), and with the Helsinki Declaration of 1975, as
revised in 2013.

CONSENT FOR PUBLICATION
Informed consent was obtained from all participants.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS

The data and supportive information are available
within the article.

FUNDING

This study was funded by Fundacao Carlos Chagas
Filho de Amparo a Pesquisa do Estado do Rio de Janeiro
(FAPERY]) [(process number E-26/190.266/2014 (ADT-1)].

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

[1] Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection as
a chronic disease. Lancet 2013; 382(9903): 1525-33.
http://dx.doi.org/10.1016/S0140-6736(13)61809-7 PMID:
24152939

[2] Brown TT. The effects of HIV-1 infection on endocrine organs.
Best Pract Res Clin Endocrinol Metab 2011; 25(3): 403-13.
http://dx.doi.org/10.1016/j.beem.2011.04.005 PMID: 21663835

[3] Rochira V, Diazzi C, Santi D, et al. Low testosterone is associated
with poor health status in men with human immunodeficiency
virus infection: A retrospective study. Andrology 2015; 3(2):
298-308.


http://dx.doi.org/10.1016/S0140-6736(13)61809-7
http://www.ncbi.nlm.nih.gov/pubmed/24152939
http://dx.doi.org/10.1016/j.beem.2011.04.005
http://www.ncbi.nlm.nih.gov/pubmed/21663835

Testosterone Deficiency and Changes in Body Composition

(5]

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

http://dx.doi.org/10.1111/andr.310 PMID: 25704864

Rochira V, Guaraldi G. Hypogonadism in the HIV-infected man.
Endocrinol Metab Clin North Am 2014; 43(3): 709-30.
http://dx.doi.org/10.1016/j.ec1.2014.06.005 PMID: 25169563

Ross A, Bhasin S. Hypogonadism. Urol Clin North Am 2016; 43(2):
163-76.

http://dx.doi.org/10.1016/j.ucl.2016.01.002 PMID: 27132573
Bhasin S, Brito JP, Cunningham GR, et al. Testosterone therapy in
men with hypogonadism: An Endocrine Society* Clinical Practice
Guideline. J Clin Endocrinol Metab 2018; 103(5): 1715-44.
http://dx.doi.org/10.1210/jc.2018-00229 PMID: 29562364
Thompson MA, Horberg MA, Agwu AL, et al. Primary care
guidance for persons with human immunodeficiency virus: 2020
update by the HIV medicine association of the infectious diseases
society of America. Clin Infect Dis 2021; 73(11): €3572-605.
http://dx.doi.org/10.1093/cid/ciaal391 PMID: 33225349

Lachatre M, Pasquet A, Ajana F, et al. Hypogonadism: A neglected
comorbidity in young and middle-aged HIV-positive men on
effective combination antiretroviral therapy. AIDS 2022; 36(8):
1061-71.
http://dx.doi.org/10.1097/QAD.0000000000003176
35113044

Pathak Y, Bajaj S, Varma S, Verma S. Metabolic status and
hypogonadism in human immunodeficiency virus-infected males.
Indian J Endocrinol Metab 2017; 21(5): 684-7.
http://dx.doi.org/10.4103/ijem.IJEM 127 17 PMID: 28989874
Levey AS, Stevens LA. Estimating GFR using the CKD
epidemiology collaboration (CKD-EPI) creatinine equation: More
accurate GFR estimates, lower CKD prevalence estimates, and
better risk predictions. Am J Kidney Dis 2010; 55(4): 622-7.
http://dx.doi.org/10.1053/j.ajkd.2010.02.337 PMID: 20338463
Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome—A new
world-wide definition. A consensus statement from the
international diabetes federation. Diabet Med 2006; 23(5):
469-80.
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
16681555

Obesity: Preventing and managing the global epidemic. Report of
a WHO consultation. World Health Organ Tech Rep Ser 2000;
894: i-253.

PMID: 11234459

Brazilian Society of Endocrinology and Metabolism. Brazilian
guidelines on obesity 2016 4th ed. S&o Paulo: ABESO
2016.https://abeso.org.br/wp-content/uploads/2019/12/Diretrizes-
Brasileiras-de-Obesidade-2016.pdf

Third report of the National Cholesterol Education Program
(NCEP) expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults (Adult Treatment Panel III) final
report. Circulation 2002; 106(25): 3143-421.
http://dx.doi.org/10.1161/circ.106.25.3143 PMID: 12485966
Moreira CA, Ferreira CES, Madeira M, et al. Reference values of
25-hydroxyvitamin D revisited: A position statement from the
Brazilian Society of Endocrinology and Metabolism (SBEM) and
the Brazilian Society of Clinical Pathology/Laboratory Medicine
(SBPC). Arch Endocrinol Metab 2020; 64(4): 462-78.
http://dx.doi.org/10.20945/2359-3997000000258 PMID: 32813765
Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of
simple methods for the estimation of free testosterone in serum. J
Clin Endocrinol Metab 1999; 84(10): 3666-72.
http://dx.doi.org/10.1210/jcem.84.10.6079 PMID: 10523012

Kanis JA, Kanis JA. Assessment of fracture risk and its application
to screening for postmenopausal osteoporosis: Synopsis of a WHO
report. Osteoporos Int 1994; 4(6): 368-81.
http://dx.doi.org/10.1007/BF01622200 PMID: 7696835

Shuhart CR, Yeap SS, Anderson PA, et al. Executive summary of
the 2019 ISCD position development conference on monitoring
treatment, DXA cross-calibration and least significant change,
spinal cord injury, peri-prosthetic and orthopedic bone health,
transgender medicine, and pediatrics. J Clin Densitom 2019;
22(4): 453-71.

PMID:

PMID:

[24]

[28]

[29]

[30]

[31]

[33]

http://dx.doi.org/10.1016/j.jocd.2019.07.001 PMID: 31400968
Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology of
sarcopenia among the elderly in New Mexico. Am ] Epidemiol
1998; 147(8): 755-63.
http://dx.doi.org/10.1093/oxfordjournals.aje.a009520
9554417

Cawthon PM, Peters KW, Shardell MD, et al. Cutpoints for low
appendicular lean mass that identify older adults with clinically
significant weakness. ] Gerontol A Biol Sci Med Sci 2014; 69(5):
567-75.

http://dx.doi.org/10.1093/gerona/glu023 PMID: 24737559

Kelly TL, Wilson KE, Heymsfield SB. Dual energy X-Ray
absorptiometry body composition reference values from NHANES.
PLoS One 2009; 4(9): €7038.
http://dx.doi.org/10.1371/journal.pone.0007038 PMID: 19753111
Maeda SS, Albergaria BH, Szejnfeld VL, et al. Official Position of
the Brazilian Association of Bone Assessment and Metabolism
(ABRASSO) on the evaluation of body composition by
densitometry—part II (clinical aspects): Interpretation, reporting,
and special situations. Adv Rheumatol 2022; 62(1): 11.
http://dx.doi.org/10.1186/s42358-022-00240-9 PMID: 35365246
Bicudo Bruno Nogueira A, Abreu JM, Mesquita Villela M, et al. Fat
mass ratio in Brazilian HIV-infected patients under antiretroviral
therapy and its relationship with anthropometric measurents. J
Clin Densitom 2020; 23(4): 623-9.
http://dx.doi.org/10.1016/j.jocd.2018.07.013 PMID: 30545683
Hammond E, McKinnon E, Nolan D. Human immunodeficiency
virus treatment-induced adipose tissue pathology and lipoatrophy:
Prevalence and metabolic consequences. Clin Infect Dis 2010;
51(5): 591-9.

http://dx.doi.org/10.1086/655765 PMID: 20645860

Monroe AK, Dobs AS, Palella FJ, Kingsley LA, Witt MD, Brown TT.
Morning free and total testosterone in HIV-infected men:
Implications for the assessment of hypogonadism. AIDS Res Ther
2014; 11(1): 6.

http://dx.doi.org/10.1186/1742-6405-11-6 PMID: 24450960
Pezzaioli LC, Quiros-Roldan E, Paghera S, et al. The importance of
SHBG and calculated free testosterone for the diagnosis of
symptomatic hypogonadism in HIV-infected men: A single-centre
real-life experience. Infection 2021; 49(2): 295-303.
http://dx.doi.org/10.1007/s15010-020-01558-6 PMID: 33289905
Aggarwal ], Taneja RS, Gupta PK, Wali M, Chitkara A, Jamal A.
Sex hormone profile in human immunodeficiency virus-infected
men and it’s correlation with CD4 cell counts. Indian ] Endocrinol
Metab 2018; 22(3): 328-34.
http://dx.doi.org/10.4103/ijem.IJEM 694 17 PMID: 30090723
Gomes AR, Souteiro P, Silva CG, et al. Prevalence of testosterone
deficiency in HIV-infected men under antiretroviral therapy. BMC
Infect Dis 2016; 16(1): 628.
http://dx.doi.org/10.1186/s12879-016-1892-5 PMID: 27809804
Pongener N, Salam R, Ningshen R, Visi V, Wairokpam T, Devi LS.
A study on hypogonadism in male HIV patients in northeastern
part of India. Indian J Sex Transm Dis AIDS 2019; 40(1): 20-4.
http://dx.doi.org/10.4103/ijstd.IJSTD 67 17 PMID: 31143855
Postel N, Wolf E, Balogh A, et al. Functional hypogonadism and
testosterone deficiency in aging males with and without HIV-
infection. Exp Clin Endocrinol Diabetes 2021; 129(11): 798-802.
http://dx.doi.org/10.1055/a-1210-2482 PMID: 33477181
Quiros-Roldan E, Porcelli T, Pezzaioli LC, et al. Hypogonadism
and liver fibrosis in HIV-infected patients. J Endocrinol Invest
2021; 44(9): 1971-9.
http://dx.doi.org/10.1007/s40618-021-01512-9 PMID: 33515211
Santi D, Spaggiari G, Vena W, et al. The prevalence of
hypogonadism and the effectiveness of androgen administration
on body composition in HIV-infected men: A meta-analysis. Cells
2021; 10(8): 2067.

http://dx.doi.org/10.3390/cells10082067 PMID: 34440836

Slama L, Jacobson LP, Li X, et al. Longitudinal changes over 10
years in free testosterone among HIV-infected and HIV-uninfected
men. ] Acquir Immune Defic Syndr 2016; 71(1): 57-64.

PMID:


http://dx.doi.org/10.1111/andr.310
http://www.ncbi.nlm.nih.gov/pubmed/25704864
http://dx.doi.org/10.1016/j.ecl.2014.06.005
http://www.ncbi.nlm.nih.gov/pubmed/25169563
http://dx.doi.org/10.1016/j.ucl.2016.01.002
http://www.ncbi.nlm.nih.gov/pubmed/27132573
http://dx.doi.org/10.1210/jc.2018-00229
http://www.ncbi.nlm.nih.gov/pubmed/29562364
http://dx.doi.org/10.1093/cid/ciaa1391
http://www.ncbi.nlm.nih.gov/pubmed/33225349
http://dx.doi.org/10.1097/QAD.0000000000003176
http://www.ncbi.nlm.nih.gov/pubmed/35113044
http://dx.doi.org/10.4103/ijem.IJEM_127_17
http://www.ncbi.nlm.nih.gov/pubmed/28989874
http://dx.doi.org/10.1053/j.ajkd.2010.02.337
http://www.ncbi.nlm.nih.gov/pubmed/20338463
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://www.ncbi.nlm.nih.gov/pubmed/16681555
http://www.ncbi.nlm.nih.gov/pubmed/11234459
https://abeso.org.br/wp-content/uploads/2019/12/Diretrizes-Brasileiras-de-Obesidade-2016.pdf
https://abeso.org.br/wp-content/uploads/2019/12/Diretrizes-Brasileiras-de-Obesidade-2016.pdf
http://dx.doi.org/10.1161/circ.106.25.3143
http://www.ncbi.nlm.nih.gov/pubmed/12485966
http://dx.doi.org/10.20945/2359-3997000000258
http://www.ncbi.nlm.nih.gov/pubmed/32813765
http://dx.doi.org/10.1210/jcem.84.10.6079
http://www.ncbi.nlm.nih.gov/pubmed/10523012
http://dx.doi.org/10.1007/BF01622200
http://www.ncbi.nlm.nih.gov/pubmed/7696835
http://dx.doi.org/10.1016/j.jocd.2019.07.001
http://www.ncbi.nlm.nih.gov/pubmed/31400968
http://dx.doi.org/10.1093/oxfordjournals.aje.a009520
http://www.ncbi.nlm.nih.gov/pubmed/9554417
http://dx.doi.org/10.1093/gerona/glu023
http://www.ncbi.nlm.nih.gov/pubmed/24737559
http://dx.doi.org/10.1371/journal.pone.0007038
http://www.ncbi.nlm.nih.gov/pubmed/19753111
http://dx.doi.org/10.1186/s42358-022-00240-9
http://www.ncbi.nlm.nih.gov/pubmed/35365246
http://dx.doi.org/10.1016/j.jocd.2018.07.013
http://www.ncbi.nlm.nih.gov/pubmed/30545683
http://dx.doi.org/10.1086/655765
http://www.ncbi.nlm.nih.gov/pubmed/20645860
http://dx.doi.org/10.1186/1742-6405-11-6
http://www.ncbi.nlm.nih.gov/pubmed/24450960
http://dx.doi.org/10.1007/s15010-020-01558-6
http://www.ncbi.nlm.nih.gov/pubmed/33289905
http://dx.doi.org/10.4103/ijem.IJEM_694_17
http://www.ncbi.nlm.nih.gov/pubmed/30090723
http://dx.doi.org/10.1186/s12879-016-1892-5
http://www.ncbi.nlm.nih.gov/pubmed/27809804
http://dx.doi.org/10.4103/ijstd.IJSTD_67_17
http://www.ncbi.nlm.nih.gov/pubmed/31143855
http://dx.doi.org/10.1055/a-1210-2482
http://www.ncbi.nlm.nih.gov/pubmed/33477181
http://dx.doi.org/10.1007/s40618-021-01512-9
http://www.ncbi.nlm.nih.gov/pubmed/33515211
http://dx.doi.org/10.3390/cells10082067
http://www.ncbi.nlm.nih.gov/pubmed/34440836

10 The Open AIDS Journal, 2025, Vol. 19

[34]

[35]

[36]

[37]

[38]

http://dx.doi.org/10.1097/QAI.0000000000000821
26761271

Antonio L, Wu FC, O’'Neill TW, et al. Associations between sex
steroids and the development of metabolic syndrome: A
longitudinal study in European men. ] Clin Endocrinol Metab
2015; 100(4): 1396-404.

http://dx.doi.org/10.1210/jc.2014-4184 PMID: 25636052

Katabami T, Kato H, Asahina T, et al. Serum free testosterone and
metabolic syndrome in Japanese men. Endocr J 2010; 57(6):
533-9.

http://dx.doi.org/10.1507/endocrj.k10e-018 PMID: 20371984
Singhania R, Kotler DP. Lipodystrophy in HIV patients: Its
challenges and management approaches. HIV AIDS 2011; 3:
135-43.

http://dx.doi.org/10.2147/HIV.S14562 PMID: 22267946

Goh SSL, Lai PSM, Tan ATB, Ponnampalavanar S. Reduced bone
mineral density in human immunodeficiency virus-infected
individuals: A meta-analysis of its prevalence and risk factors.
Osteoporos Int 2018; 29(3): 595-613.
http://dx.doi.org/10.1007/s00198-017-4305-8 PMID: 29159533
Abreu JM, Nogueira ABB, Villela MM, et al. Low bone mass and

PMID:

[41]

[42]

de Siqueira Antunes et al.

vitamin D in Brazilian people living with HIV under antiretroviral
therapy. Arch Osteoporos 2022; 17(1): 40.
http://dx.doi.org/10.1007/s11657-022-01088-8 PMID: 35247128
Mittan D, Lee S, Miller E, Perez RC, Basler JW, Bruder JM. Bone
loss following hypogonadism in men with prostate cancer treated
with GnRH analogs. J Clin Endocrinol Metab 2002; 87(8):
3656-61.

http://dx.doi.org/10.1210/jcem.87.8.8782 PMID: 12161491
Skolarus TA, Caram MV, Shahinian VB. Androgen-deprivation-
associated bone disease. Curr Opin Urol 2014; 24(6): 601-7.
http://dx.doi.org/10.1097/MOU.0000000000000101
25144145

Oliveira VHF, Borsari AL, Webel AR, Erlandson KM, Deminice R.
Sarcopenia in people living with the human immunodeficiency
virus: A systematic review and meta-analysis. Eur J Clin Nutr
2020; 74(7): 1009-21.
http://dx.doi.org/10.1038/s41430-020-0637-0 PMID: 32341489
Guimardes NS, Raposo MA, Greco D, Tupinambas U, Premaor
MO. People living with HIV, lean mass, and sarcopenia: A
systematic review and meta-analysis. J Clin Densitom 2022; 25(1):
113-23.

http://dx.doi.org/10.1016/j.jocd.2021.03.004 PMID: 33836973

PMID:


http://dx.doi.org/10.1097/QAI.0000000000000821
http://www.ncbi.nlm.nih.gov/pubmed/26761271
http://dx.doi.org/10.1210/jc.2014-4184
http://www.ncbi.nlm.nih.gov/pubmed/25636052
http://dx.doi.org/10.1507/endocrj.k10e-018
http://www.ncbi.nlm.nih.gov/pubmed/20371984
http://dx.doi.org/10.2147/HIV.S14562
http://www.ncbi.nlm.nih.gov/pubmed/22267946
http://dx.doi.org/10.1007/s00198-017-4305-8
http://www.ncbi.nlm.nih.gov/pubmed/29159533
http://dx.doi.org/10.1007/s11657-022-01088-8
http://www.ncbi.nlm.nih.gov/pubmed/35247128
http://dx.doi.org/10.1210/jcem.87.8.8782
http://www.ncbi.nlm.nih.gov/pubmed/12161491
http://dx.doi.org/10.1097/MOU.0000000000000101
http://www.ncbi.nlm.nih.gov/pubmed/25144145
http://dx.doi.org/10.1038/s41430-020-0637-0
http://www.ncbi.nlm.nih.gov/pubmed/32341489
http://dx.doi.org/10.1016/j.jocd.2021.03.004
http://www.ncbi.nlm.nih.gov/pubmed/33836973

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Design and Participants
	2.1.1. Inclusion and Exclusion Criteria
	2.1.2. Clinical Assessment
	2.1.3. Laboratory Assessment


	3. RESULTS
	4. DISCUSSION
	5. LIMITATIONS OF THE STUDY 
	CONCLUSION
	AUTHORS CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


