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Background:

Hypogonadism is common among people with HIV (PWH), with prevalence around
9% to 16% in different studies. Risk factors associated with hypogonadism in PWH
included weight loss, CD4 counts, body fat. Studies regarding androgen deficiency in
PWH reported loss of lean body and muscle mass, deterioration in exercise functional
capacity, frailty, and poor health status. Existing data regarding prevalence, clinical
manifestations and risk factors associated with male hypogonadism are limited in PWH
in Asian populations.

Objective:

We aimed to investigate the clinical manifestations and prevalence of hypogonadism
among PWH in Taiwan and compare them with individuals without HIV infection. We
further explored the factors associated with serum free testosterone levels in PWH.
Methods:

This cross-sectional study enrolled adult men who have sex with men (MSM) on
stable antiretroviral therapy with suppressed plasma HIV-1 RNA levels from February
2021 to November 2022 at National Taiwan University Hospital (NTUH) and NTUH
Yunlin Branch. MSM without HIV, including those seeking anonymous HIV testing, and
participants in pre-exposure prophylaxis (PrEP) program, were enrolled as the
comparison group. Clinical data, including demographics and comorbidities, were
collected through questionnaires and electronic medical records. Androgen Deficiency in
Aging Men (ADAM) questionnaire was performed to evaluate symptoms of
hypogonadism in the participants. Morning fasting levels of serum free testosterone, sex
hormone-binding globulin, and other related hormones were obtained. Biochemical

hypogonadism was defined by serum free testosterone level < 63.5 pg/mL. Symptomatic
Vi
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hypogonadism was defined by low free testosterone plus positive ADAM questionnaire
result. Multiple linear regression analysis was conducted to evaluate the relationship
between serum free testosterone levels and the collected clinical variables. Furthermore,
MSM without HIV infection were enrolled and compared with HIV-positive group within
the same age stratification.

Results:

In our study, 447 MSM with HIV and 124 MSM without HIV were included.
Compared to MSM without HIV, those with HIV were older (median age 41 versus 29.5
years) and had a higher prevalence of comorbidities such as HBsAg and anti-HCV
positivity, hypertension, diabetes, and hyperlipidemia. In MSM with HIV, the median
HIV infection duration was 8.5 years, with a median CD4 count of 482 cells/uL.
Biochemical hypogonadism was more prevalent in MSM with HIV (11.6%) than in those
without (1.6%). Symptomatic hypogonadism also showed higher prevalence in MSM
with HIV (8.3% vs. 1.6%). Secondary hypogonadism was the most common in MSM
with HIV (8.9%), followed by subclinical (5.4%) and primary hypogonadism (2.7%).
Among MSM aged <35 years, there were no significant differences in serum free
testosterone levels or prevalences of hypogonadism between the two groups. Multiple
linear regression analysis revealed that serum free testosterone levels significantly
decreased with increasing age (a decrease of 1.14 pg/mL per 1-year increase) and higher
body-mass index (BMI) (a decrease of 1.07 pg/mL per 1-kg/m? increase), but showed no
significant association with HIV serostatus, thyroid function, prolactin levels, or
comorbidities. In HIV-positive group, the serum free testosterone levels were negatively
associated with longer duration of HIV infection and positively associated with use of

nucleoside reverse transcriptase inhibitors (NRTIs).

vii
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Discussion:

This study is the largest Chinese Han cohort investigating hypogonadism in MSM.
Primary hypogonadism accounts for 2.7% of MSM with HIV in our cohort, similar to
rates observed in Italy. The lower prevalence of secondary hypogonadism (8.9%) in our
study, compared to previous studies, may be due to better overall health, viral suppression,
and exclusion of individuals on interfering medications. Our findings are consistent with
the Multicenter AIDS Cohort Study (MACS), which also observed similar age-related
declines in free testosterone levels in MSM with and without HIV. Using MSM without
HIV as the control group may provide a more accurate comparison due to shared lifestyle
behaviors. The positive association between NRTI use and serum free testosterone levels
may be incidental due to the high prevalence of NRTI use (96.6%) in our study, which
warrants further investigation. The limitations of our study include age discrepancy
between the groups, single testosterone testing, and the exclusion of individuals on
testosterone replacement therapy, which may lead to under- or over-estimation of true
hypogonadism prevalence.

Conclusion:

We found that MSM with HIV had a higher prevalence of symptomatic
hypogonadism than MSM without HIV in Taiwan, which could be attributed to age
difference. Serum free testosterone levels were negatively correlated with age and BMI,

but did not show a significant correlation with HIV serostatus.

KEYWORDS: Age; body mass index; human immunodeficiency virus; hypogonadism;

testosterone
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Introduction

Early HIV diagnosis and treatment with combination antiretroviral therapy (ART)
have led to enhanced survival rate in people with HIV (PWH) in Taiwan. > Recent studies
have placed a growing emphasis on the quality of life among PWH, with particular
interest in exploring endocrine issues.” The endocrine dysfunction associated with
chronic HIV infection includes hypogonadism, growth hormone deficiency,
hyperprolactinemia, and subclinical hypothyroidism.> Male hypogonadism is a well-
documented yet often under-diagnosed health issue in PWH. The pathogenesis of HIV-
related hypogonadism can be categorized into primary, secondary, and subclinical
hypogonadism based on the specific sites of involvement within the hypothalamic-
pituitary-gonadal axis.* Factors associated with primary hypogonadism in HIV-infected
individuals include direct viral effects, the use of ART, chronic inflammation, and
opportunistic infections.> Secondary hypogonadism, on the other hand, is linked to a
broad spectrum of metabolic derangements, premature aging, poor health status, and
various medications (Figure 1).*

Suggestive symptoms and signs of male hypogonadism include reduced sexual
desire (libido) and activity, erectile dysfunction, breast discomfort, gynecomastia, low
bone mineral density, hot flushes and sweats.® Other nonspecific symptoms and signs

include decreased energy, depressed mood, poor memory, sleep disturbances,

1
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Figure 1. Pathogenesis HIV-related male hypogonadism
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cART, combined antiretroviral therapy; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing

hormone; HCV, hepatitis C virus; LH, luteinizing hormone.
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unexplained anemia, reduced muscle bulk and strength, as well as increased body fat.°
Grinspoon et al used isotope analysis and dual-energy X-ray absorptiometry in 20
hypogonadal patients with AIDS-related wasting syndrome.’ The result showed that lean
body mass and physical activity significantly correlated with serum androgen levels.” A
recent study suggested a modest correlation between serum testosterone levels and
physical activity in general population, and whether this correlations also applied to PWH
is unknown.® Another cross-sectional analysis revealed that HIV-positive individuals had
lower free testosterone, higher sex-hormone binding globulin (SHBG) and more insulin
resistance than those without HIV infection.’ A large cohort study of 1359 HIV-infected
men from Italy showed that low serum testosterone levels in HIV-infected men are
associated bidirectionally with multimorbidity and poor health index, thus raising concern
about testosterone supplement in this population.'”

According to Endocrine Society Guidelines, the diagnosis of male hypogonadism
includes the presence of symptoms and signs indicative of testosterone deficiency, alone
with persistently and unequivocally low serum testosterone levels.® The Androgen
Deficiency in Aging Men (ADAM) questionnaire, validated in the Chinese population, is
widely utilized for screening symptoms associated with androgen deficiency (Table 1).!!
When the diagnosis of hypogonadism is confirmed, luteinizing hormone (LH) should be

examined to differentiated between secondary and primary hypogonadism. Further

3
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potentially reversible functional causes and evaluation of other pituitary hormones should

be considered in the setting of secondary hypogonadism (Figure 2).°

History and Physical Examination
Ascertain symptoms and signs of testosterone (T) deficiency
Evaluate for systemic illness, drugs, nutritional deficiency that could lower T

!

Measure morning fasting total T*
(and free T* if altered SHBG or borderline total T, Table 25)

Semen analysis if fertility issue

Low total T or
Normal or low total T**
and low free T
Y

Normal total T or
Confirm by repeating morning fasting total T (and free T%) Normal or low total T**

and normal free T

Low total T or
Normal or low total T**

and low free T
Y v

Consider other causes

Diagnosis of hypogonadism is confirmed of symptoms and signs

\J

Measure LH and FSH

LH and FSH LH and FSH
low or inappropriately normal high
(Secondary hypogonadism) (Primary hypogonadism)

' '

Consider potentially reversible
functional causes, Table 1¢

Measure prolactin, Obtain karyotype
iron saturation to diagnose
Klinefelter syndrome

(if clinical indication)

Evaluate other
pituitary hormones
(if clinically indicated™)

Pituitary MRI (if indicated”)

Figure 2. Algorithm of diagnosis of adult male hypogonadism

(Adapted from Bhasin et al. Testosterone Therapy in Men With Hypogonadism: An Endocrine Society

Clinical Practice Guideline. J Clin Endocrinol Metab 2018;103:1715-44.%)

FSH, follicle-stimulating hormone; LH, leutinizing hormone.
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Table 1. The Chinese version of ADAM questionnaire in the study
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(Adapted from Chu et al. A short version of the ADAM Questionnaire for androgen deficiency in Chinese

men. J Gerontol A Biol Sci Med Sci 2008;63:426-31.)

Before the era of combination ART, epidemiological studies have highlighted a high
prevalence of hypogonadism, ranging from 30% to 50%, particularly among those with
AIDS-related wasting syndrome.”'?"'* Nowadays, with high rates of viral suppression
among PWH engaged in care, the prevalence of hypogonadism has significantly
decreased but remains relatively common among this population. As mentioned earlier, a
large cohort study conducted in Italy revealed an estimated prevalence of biochemical
hypogonadism of 16%, employing a serum total testosterone threshold of 300 ng/dL.!®
Another study in the United States (Multicenter AIDS Cohort Study, MACS) showed the

comparable rates of biochemical hypogonadism between HIV-infected (9.3%) and those
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without HIV (7.2%).!6 However, inclusion of men on testosterone replacement therapy
increased the prevalence substantially to 24% in the HIV-positive group.'® Recent study
in France reported male hypogonadism in 12.4% of patients with HIV, which is double
the rate reported in the general population of the same age.!” Follow-up 10 years study in
the MACS cohort study showed that free testosterone levels decreased similarly with age
regardless of HIV serostatus. '8

Several potential limitations have been noted in prior studies regarding the
prevalence of hypogonadism in PWH. A threshold of 10.4 nmol/L (300 ng/dL) for total
testosterone levels was adopted by most studies. Nevertheless, conditions such as HIV
infection and aging can elevate sex-hormone-binding globulin (SHBG), potentially
resulting in normal total testosterone levels but low free testosterone levels. Conversely,
obesity and diabetes can suppress hepatic SHBG production, leading to situations where
free testosterone levels may be normal despite low total testosterone levels.*!!7 As a
result, guidelines and recent expert panels suggest using free testosterone to diagnose
hypogonadism in PWH, with a threshold of 220 pmol/L (63.5 pg/mL).*® Another factor
to consider is the diurnal variation in serum testosterone levels, which typically peak in
the morning and decline towards the evening. Therefore, blood samples should ideally be
collected in the morning and after overnight fasting.® Incorrect timing of blood sampling

may result in misinterpretation of low testosterone levels. Furthermore, several studies

6
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lacked participants without HIV infection for comparison, posing challenges in accurately
comparing testosterone levels between individuals living with HIV and those without the
virus.

Testosterone is metabolized primarily via the liver by the enzyme cytochrome P450,
family 3, subfamily A (CPY3A), including CYP3A4, CYP3AS5 and CYP3A7, and the
testosterone metabolites are excreted via the urine.!”?° ARTs including all protease
inhibitors, pharmacokinetic enhancers ritonavir, cobicistat, and one of the non-nucleoside
reverse-transcriptase inhibitors (NNRTIs) efavirenz are inhibitor of CPY3A4.2! On the
other hand, NNRTI nevirapine are CPY3A4 inducers. Several studies have observed an
increase in serum testosterone levels after initiation of ARTs in treatment naive HIV
patients.??>* However, the impact of different types of ARTs on serum testosterone levels
had not been fully elucidated before. Protease inhibitors have been proposed to potentially
interfere with testosterone metabolism, either increasing testosterone level by CPY3A4
inhibition or decreasing testosterone levels due to lipohypertrophy.?>2¢ One study showed
that in patients with low testosterone levels, those with elevated gonadotrophins had a
higher frequency of NRTI use.?’

Three meta-analyses of randomized controlled trials have indicated that in PWH,
testosterone supplementation significantly increases lean body mass and muscle mass

compared to placebo.?®3* However, these findings are limited by the small number and

7
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heterogeneity of trials included, which could introduce bias into the results. Additional
trials have demonstrated benefits of testosterone supplementation in improving mood,
quality of life, sexual function, bone mineral density, and fatigue scores.>!** According
to the 2018 Endocrine Society guidelines, short-term (3 to 6 months) testosterone therapy
may be considered in HIV-infected men with low testosterone levels and weight loss to
help induce and maintain body weight and lean mass gain, after excluding other causes
of weight loss.® The increased screening for testosterone and diagnosis of late-onset
hypogonadism, along with the promotion of various testosterone formulations and
commercial advertising, has led to a notable increase in testosterone prescriptions,
particularly among the HIV-positive population.**-¢ In the MACS cohort study, men who
have sex with men (MSM) with HIV showed significantly higher usage of testosterone
supplements compared to MSM without HIV (17% versus 5%).3” Considering increasing
cardiovascular risk in HIV seropositive population, it is prudent to discuss with patient
about benefits and risk of testosterone supplement before prescribing testosterone in
hypogonadal patients with HIV.38-40

Literature regarding androgen levels among PWH in Asia are limited, with the
majority of studies on hypogonadism focusing on Caucasian populations. A Japanese
study involving 25 treatment-naive PWH reported that 52% had low free testosterone

levels. However, information on symptoms related to hypogonadism was not provided in

8
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the study.>* The objectives of our study were to determine the prevalence of low
testosterone levels among men who have sex with men (MSM) with HIV presenting with
symptoms suggestive of hypogonadism.*! Additionally, we aimed to investigate the
association between HIV infection and hypogonadism, and to explore the factors
influencing serum free testosterone levels among HIV-positive individuals. We
hypothesized that MSM with HIV in Taiwan would exhibit a prevalence of hypogonadism
comparable to Caucasian populations, and higher than MSM without HIV infection.
Additionally, we hypothesized that lower CD4 counts and HIV infection would be

negatively associated with serum free testosterone levels.
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Methods
Study population

This study was a cross-sectional study. Enrollment took place between February
2021 and November 2022 at the infectious disease clinics of the National Taiwan
University Hospital (NTUH) and NTUH Yunlin Branch. Adult MSM who were on stable
antiretroviral therapy (ART) with suppressed plasma HIV-1 RNA levels (defined as <200
copies/ml) were included.*? For comparison purposes, we also recruited MSM without
HIV infection who were seeking anonymous HIV testing services and those participating
in the government-funded pre-exposure prophylaxis (PrEP) program against HIV.
Exclusion criteria encompassed individuals with evident causes of hypogonadism, such
as documented pituitary, adrenal, or gonadal disorders unrelated to HIV infection, those
who had undergone pituitary radiotherapy or systemic chemotherapy, individuals with
acute illnesses, and those receiving medications that might disrupt the hypothalamic-
pituitary-gonadal axis. To better evaluate the impact of age and CD4 counts on serum
testosterone levels, we deliberately enrolled patients in 10-year age intervals and stratified
CD4 counts into categories: normal (>500/mL), intermediate (350/mL < CD4 <500/mL),
and advanced HIV (<350/mL).*

Data regarding clinical characteristics such as age, height, weight, and existing

health conditions, was obtained through self-reported questionnaire interviews and
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electronic health medical record reviews (Table 2). Current smokers were those who had
consumed at least one-hundred cigarettes in their lifetime, and who were still actively
smoking at the time of enrollment in the study.** The presence of high blood pressure,
diabetes, or dyslipidemia was noted through medical records and medication review.

History of hepatitis B and hepatitis C was determined by detecting hepatitis B surface

Table 2. The baseline characteristics questionnaire in the study
£ 8 L% RetE 2 RAE
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antigen (HBsAg) and anti-hepatitis C antibody (anti-HCV), respectively. For PWH,
details included duration of HIV infection, current CD4 count, and antiretroviral
treatments. The study obtained approval from the NTUH Research Ethics Committee
(protocols 202010105RIND and 202109144RINA), and all participants provided
informed consent. Registration was completed on ClinicalTrials.gov (identifier

NCT04760574).

Diagnosis of hypogonadism

Blood samples were collected in the early morning following an overnight fast to
assess serum total testosterone, SHBG, LH, thyroid-stimulating hormone (TSH), free T4
and prolactin levels using the Access Chemiluminescent Immunoassay (Beckman Coulter,
USA). Serum free testosterone levels were further determined using the Vermeulen
equation.* Hyperthyroidism was defined as elevated serum free T4 levels (>1.12 ng/dL)
with suppressed TSH levels. Subclinical hypothyroidism was characterized by elevated
serum TSH levels (>5.33 ulU/mL) with normal serum free T4 levels (0.61-1.12 ng/dL).
Hyperprolactinemia was identified as serum prolactin levels exceeding 20 ng/mL. The
ADAM questionnaire was given to all study subjects to assess the symptoms and signs of
hypogonadism.!' A positive response was characterized as either answering "yes" to the

sexual dysfunction question or affirming at least three other questions in the questionnaire
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(Table 1). Physical activity levels were evaluated using the Chinese version of
International Physical Activity Questionnaire-Short Form (IPAQ-SF), categorizing
activity into low, moderate, or high activity according to metabolic equivalent of task-
minutes per week (Table 3).4°

Biochemical hypogonadism was characterized by a morning fasting serum free
testosterone level below 63.5 pg/mL.* Primary hypogonadism was identified by low free
testosterone levels alongside elevated luteinizing hormone (LH) levels (cut-off value,
8.62 mIU/mL). Secondary hypogonadism was indicated by low serum free testosterone
and subnormal or inappropriately normal serum LH levels. Subclinical hypogonadism
manifested as normal serum free testosterone levels but elevated LH levels. Symptomatic
hypogonadism was defined by a low serum free testosterone level along with a positive
screening result on the ADAM questionnaire interview. Participants exhibiting low free
testosterone levels were recommended to undergo repeated testosterone measurement in

accordance with current guidelines.®

Statistical analysis
Clinical characteristics and demographic of the study participants were presented
using descriptive statistics. Continuous variables with a normal distribution were

presented as mean + standard deviation, and unpaired t-tests were utilized for comparing
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Table 3. The Chinese version of International Physical Activity Questionnaire-Short

Form (IPAQ-SF)

FRRRAL SRS X TASRERORT > ¢ 451 1T RE ~ Bk S
v

PR E RS EEREE TR R EERE A EE LGS
i B AT -

2 - 2l FEH2ES 3BT D WEE RAKRGHT )
(oo s (204> 18, £ 5 GRass)

FEREL S AP N BREDR 4 EE o Gl ER RNV ME T
e g R RIRE - HEL N EHFF 10 440 PP REE o
13- 279 85 5535 @4 i mliEs? %

Bldegah ~ LRyt s FFEPE A (R TR =R S JER) s PG F
Bo s P 2 R s fraf (Ao zRE T B3 IR prE S EEYR O BEE
e T 10 2T ) s g EgES

(] X7 p 4 hiligd P E A3

2 BHF - AT ORER LAY P RER D 2

4 ’Fiﬁlbbi"#"cn‘;%

P

g2y )
P (A 1T

- = | pE 4 O 7/ mE
BREL S Y G B R ER o P R34 iEd Aa

'
i g&%‘f 4 5 el T el gt 1\2’?—‘”3’}*’ RiC - 52 SF 1044801 b flEd o

3 i - A ¢ 5 5 R G B R ? %

Blae T T LA S Y - R  THRE R 555 R A AEREARS
B AR (P g2 s ) - R RSEFHD WY e T AR (Pl ¥ F  F

1% e F BERA 1.5-15 57 /4.5-9 27 1 bldes & A I S 2 S RESLE Y - B 2
EANZBFARH T DT 2 B~ < AR SRR K ) - 824 5T

BRABAE)  BIReR HS c F i (RE T 0 R B R SRR L1k
B~ AR B SR Lok P B 0 R EF AR RS -

[ g wd %54 g Hrp R AT S
A EEH - TS OPERAY B a2
- X o P Y} (] 7 Fif /7 FE e

TREL AP G AARYDEFEFG A2 0T B R et WA AR 0 R
GRS T B EFRE R A T AAR (3 7 T RL) R o

b - 2P 5 EF A EARET IO~ E D ? Y
(] st AB4E 10 #4502 B E R LT

6B ¥ - A At Ry 5 A°

- = o) pE Py

Bfs- BRI - A1 ivx P s G FOREG S A PRI 0T B RS ARSI
FRepp@giyed > oL b hd 7R P Pk v B~ L FS A

R &MY PR R o

T~3 - xh1ivxd » f- AL FPEFG A7 - 2 | A dB

S E AR

14

doi:10.6342/NTU202401892



means between HIV-positive and HIV-negative groups. Continuous variables with a

normal distribution were presented as mean + standard deviation, and unpaired t-tests

were utilized for comparing means between HIV-positive and HIV-negative groups.

Continuous variables without a normal distribution were expressed as median

(interquartile range), and between-group comparisons were conducted using the Mann-

Whitney U test. Categorical variables were presented as absolute numbers and

percentages, and Chi-square tests were employed to assess between-group differences.

Statistical significance was defined as a two-tailed p-value of less than 0.05.

Stepwise regression analysis was performed to examine the association between

serum free testosterone levels and various variables, including age, body-mass index

(BMI), HIV serostatus, and comorbidities. Subgroup analysis within the HIV-positive

group further explored associated factors such as duration of HIV infection, CD4 count,

and antiretroviral therapy (ART). Three-way analysis of variance (ANOVA) was

conducted to compare serum free testosterone levels across different levels of physical

activity. All statistical analyses were carried out using Stata/SE 17.0 for Windows

(StataCorp LP, College Station, TX).
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Results

Baseline characteristics

In this study, 447 MSM with HIV and 124 MSM without HIV were enrolled. Table

4 showed the distribution of study subjects according to age, HIV serostatus and current

CD4 counts. The median age of MSM with HIV was significantly higher compared to

MSM without HIV (41 years versus 29.5 years) (Table 5). MSM with HIV had

significantly higher rate of chronic hepatitis, hypertension, hyperlipidemia and diabetes

compared to HIV-negative group. After evaluating thyroid function and prolactin levels,

one participant (0.2%) in the HIV-positive group had overt hyperthyroidism. MSM with

HIV had significantly lower rates of subclinical hypothyroidism compared to MSM

without HIV (0.5% versus 3.3%). Both groups had mild hyperprolactinemia in

approximately 5% of participants, with levels ranging from 20 ng/mL to less than 50

ng/mL.

Table 4. Distribution of study subjects according to age, HIV serostatus and current CD4

counts.
HIV infection (patient number)
No HIV infection
Age CD4 < 350 350 < CD4 <500 CD4 > 500 (patient number)
(years)
20~29 10 26 45 62
30~39 32 32 59 46
40~49 32 42 55 13
>50 29 36 48 3
16

doi:10.6342/NTU202401892



Table 5. Baseline characteristics of MSM with or without HIV

MSM with HIV MSM without HIV
(N=447) (N=124) ’
Age (years) 41[31-50] 29.5[27 - 33] <0.001
BMI (kg/m?) 23.7[21.7 -26.1] 23.7[21.5-25.1] 0.401
Current smoker 125 (28.0%) 25 (20.2%) 0.081
Current CD4 (cells/pL) 482 [357 — 681]
Duration of HIV infection (years) 8.5[5.1-13.3]
Types of current anti-retroviral therapy
Nucleoside reverse-transcriptase inhibitors 432 (96.6%) 40 (32.3%)
Non-nucleoside reverse-transcriptase inhibitors 33 (7.4%)
Integrase inhibitors 428 (95.8%)
Protease inhibitors 1 (0.2%)
Co-infections
Hepatitis B surface antigen positivity 75 (16.8%) 10 (8.1%) 0.016
Anti-hepatitis C antibody positivity 72 (16.1%) 2 (1.6%) <0.001
Systemic disease
Hypertension 65 (14.5%) 3 (2.4%) <0.001
Diabetes 22 (4.9%) 1 (0.8%) 0.039
Hyperlipidemia 270 (60.4%) 6 (4.8%) <0.001
Chronic kidney disease 13 (2.9%) 0 0.058
Depression 17 (3.8%) 7 (5.7%) 0.366
Cardiovascular disease 16 (3.6%) 2 (1.6%) 0.267
Prolactin (ng/mL) 103+0.3 10604 0.301
Hyperprolactinemia * 24 (5.5%) 6 (4.9%) 0.801
Overt hyperthyroidism ° 1 (0.2%) 0 1.000
Subclinical hypothyroidism © 2 (0.5%) 4 (3.3%) 0.023

Continuous variables with a normal distribution are presented as mean =+ standard deviation. Continuous

variables not normally distributed are presented as median (interquartile range). Categorical variables are

presented as absolute numbers (percentages).

® Hyperprolactinemia is defined as serum prolactin levels > 20 ng/mL

b Overt hyperthyroidism is defined as elevated serum free T4 with suppressed TSH levels.

¢ Subclinical hypothyroidism is defined as serum TSH levels > 5.33 ulU/mL, with normal serum free T4

levels.

Abbreviations: BMI, body mass index; CD4, cluster of differentiation 4; HI'V, human immunodeficiency

virus; MSM, men who have sex with men
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Among MSM with HIV, the median duration of HIV infection was 8.5 years, with a

median CD4 count of 482 cells/uL, all achieving viral suppression (<200 copies/ml). The

majority (89.7%) were receiving a regimen of two nucleoside reverse-transcriptase

inhibitors (NRTIs) plus an integrase inhibitor at the time of the survey. Emtricitabine plus

tenofovir alafenamide (89.9%) was the most common NRTI combination, while

bictegravir (55.7%) was the predominant integrase inhibitor. Other integrase inhibitors

included cobicistat-boosted elvitegravir (30.4%) and dolutegravir (9.8%). A minority

(6.9%) were prescribed the non-nucleoside reverse transcriptase inhibitor (NNRTI)

rilpivirine. In contrast, 40 MSM without HIV (32.3%) were on oral PrEP with

coformulated tenofovir disoproxil fumarate/emtricitabine.

Serum androgen levels and prevalence of hypogonadism

Table 6 showed the serum androgen levels and prevalence of hypogonadism in all

study subjects, categorized by HIV serostatus. The average serum total testosterone

concentrations among MSM with HIV and those without were 4.63 ng/mL and 5.20

ng/mL, respectively. In terms of serum free testosterone, the mean levels were 98.8 pg/mL

and 115.2 pg/mL for MSM with HIV and those without HIV, respectively. The mean

serum SHBG levels in two groups were 33.4 nmol/L and 29.7 nmol/L, respectively (Table

6). The symptoms suggestive of hypogonadism, as identified by the ADAM questionnaire,
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were prevalent among participants, with 62.0% of MSM with HIV and 58.9% of MSM

without HIV reporting positive symptoms. According to IPAQ-SF, the mean free

testosterone levels for individuals with low, moderate, and high physical activity levels

were 95.9 pg/mL, 104.2 pg/mL, and 104.6 pg/mL, respectively. No significant differences

in serum free testosterone levels were observed across different categories of physical

activity levels or HIV serostatus among the participants (Table 7).

Table 6. Serum testosterone levels and related symptoms across all age groups

MSM with HIV MSM without HIV
(N=447) (N=124) i
Total testosterone (ng/mL) 4.63+1.41 520+ 1.54 <0.001
Free testosterone (pg/mL) 98.8+31.2 115.2+30.0 <0.001
SHBG (nmol/L) 334+17.1 29.7+15.9 0.033
Albumin (g/dL) 433+0.34 4.50+0.26 <0.001
Positive result on the ADAM
' . 276 (62.0%) 73 (58.9%) 0.524
questionnaire
Physical activity category according to
IPAQ-SF 0.439
Low 58 (17.7%) 13 (13.1%)
Moderate 153 (46.7%) 45 (45.5%)
High 117 (35.7%) 41 (41.4)
Prevalence of low free testosterone 52 (11.6%) 2 (1.6%) 0.001
Prevalence of symptomatic
37 (8.3%) 2 (1.6%) 0.009

hypogonadism

Continuous variables with a normal distribution are presented as mean =+ standard deviation. Categorical

variables are presented as absolute numbers (percentages).

Abbreviations: ADAM, The Androgen Deficiency in Ageing Males; HIV, human immunodeficiency

virus; IPAQ-SF, International Physical Activity Questionnaire - Short Form; SHBG, sex hormone-binding

globulin.
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Table 7. Serum free testosterone levels across different physical activity levels according
to IPAQ-SF among participants with HIV

Low Moderate High
Physical activity P value
N=52 N=146 N=113
Free testosterone
95.9+24.6 104.2 +£31.1 104.6 + 30.0 0.172

(pg/mL)

Table 8. Serum testosterone levels and prevalence of hypogonadism in participants aged

<35 years
MSM with HIV MSM without HIV

(N=150) (N=101) i
Age (years) 29 [26-31] 29 [27-31] 0.057
BMI (kg/m?) 21.1[23.1-25.3] 21.3[22.9-25.1] 0.776
Total testosterone (ng/mL) 495+ 1.25 529+ 1.53 0.050
Free testosterone (pg/mL) 114.4 £30.0 117.9+£30.5 0.368
SHBG (nmol/L) 27.8+10.2 29.3+15.0 0.340
Albumin (g/dL) 4.40+0.30 4.54+£0.25 <0.001
Prevalence of low free

7 (4.7%) 1 (1.0%) 0.149
testosterone
Prevalence of symptomatic

53.3%) 1 (1.0%) 0.406

hypogonadism

Continuous variables not normally distributed are presented as median (interquartile range). Continuous
variables with a normal distribution are presented as mean + standard deviation. Categorical variables are
presented as absolute numbers (percentages).

Abbreviations: HIV, human immunodeficiency virus; MSM, men who have sex with men; SHBG, sex

hormone-binding globulin.
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The prevalence of biochemical hypogonadism among MSM with HIV was 11.6%,

whereas it was 1.6% among MSM without HIV. Likewise, symptomatic hypogonadism

was more prevalent in MSM with HIV (8.3%) compared to MSM without HIV (1.6%).

The significant age discrepancies between MSM with and without HIV might contributed

to the differences in serum testosterone levels and hypogonadism prevalence. Therefore,

we conducted an additional analysis focusing on participants under 35 years old to

compare these factors (Table 8). In this subpopulation, both MSM with and without HIV

had a similar median age (29 years, p-value 0.06) and BMI. No significant differences

were observed in two groups regarding serum free testosterone levels, SHBG, prevalence

of biochemical and symptomatic hypogonadism (Table 8).

Figure 3 illustrates the gonadal status of 447 MSM with HIV based on a serum free

testosterone threshold of 63.5 pg/mL and an LH threshold of 8.62 mIU/mL. Among MSM

with HIV, secondary hypogonadism was the most prevalent form of biochemical

hypogonadism, identified in 40 (8.9%) of participants, followed by subclinical

hypogonadism (5.4%) and primary hypogonadism (2.7%) (Figure 3).

In HIV-positive group, those with biochemical hypogonadism were significantly

older (median age, 48 versus 40 years, P <0.05) and had a longer duration of HIV infection

(median time 12.0 versus 8.3 years, P <0.05), compared with those with normal free

testosterone levels (Table 9). Additionally, HIV-positive hypogonadal subjects had a
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lower rate of NRTT use (86.5% versus 98.0%, P<0.05) and a higher rate of non-NRTT use
(19.2% versus 5.82%, P <0.05). There were no statistically significant differences in the

proportions of other comorbidities between those with and without biochemical

hypogonadism.
o | .
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Figure 3. Gonadal status of 447 MSM with HIV according to serum free testosterone
threshold of 63.5 pg/mL and LH threshold of 8.62 mIU/mL.

LH, luteinizing hormone; MSM, men who have sex with men
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Table 9. Comparisons between participants with and those without biochemical

hypogonadism among participants with HIV

With hypogonadism No hypogonadism

(N=52) (N=395) v
Age (years) 48 [41 — 53.5] 40 [31 — 48] <0.001
BMI (kg/m?) 244[21.1-28.1] 23.7[21.8-25.9] 0.334
Current smoker 19 (36.5%) 106 (26.8%) 0.143
Current CD4 (cells/uL) 524 [332-691] 481 [364 — 675] 0.785
Duration of HIV infection (years) 12.0 [8.2 — 15.4] 8.3[4.8—12.9] <0.001
Types of current antiretroviral therapy
Nucleoside reverse-transcriptase inhibitors 45 (86.5%) 387 (98.0%) <0.001
Non-nucleoside reverse-transcriptase inhibitors 10 (19.2%) 23 (5.82%) 0.002
Integrase inhibitors 49 (94.2%) 379 (96.0%) 0.564
Protease inhibitors 0 1(0.25%) 1.000
Co-infections
Hepatitis B surface antigen positivity 13 (25.0%) 62 (15.7%) 0.091
Anti-hepatitis C antibody positivity 11 (21.2%) 61 (15.4%) 0.292
Systemic disease
Hypertension 11 (21.2%) 54 (13.7%) 0.150
Diabetes 4 (7.69%) 18 (4.56%) 0.326
Hyperlipidemia 35(67.3%) 235 (59.5%) 0.279
Chronic kidney disease 1 (1.92%) 12 (3.04%) 0.058
Depression 4 (7.69%) 13 (3.29%) 0.119
Cardiovascular disease 3 (5.77%) 13 (3.29%) 0.415
Thyroid disease 2 (3.85%) 4 (1.01%) 0.095

Continuous variables that are not normally distributed are presented as median (interquartile range).

Categorical variables are presented as absolute numbers (percentages).

Abbreviations: BMI, body mass index; HIV, human immunodeficiency virus
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Factors associated with serum free testosterone level

In multiple regression analysis was performed in all study subjects to evaluate

clinical factors associated with serum free testosterone levels. The result showed that

serum free testosterone levels negatively correlated with age and BMI (Table 10). No

significant associations were found between serum free testosterone levels and HIV

serostatus, thyroid function, prolactin levels, or comorbid conditions such as hypertension,

hyperlipidemia, diabetes, or chronic hepatitis. On the other hand, serum SHBG levels

positively correlated with increased age, HBsAg and anti-HCV positivity, and negatively

correlated with body mass index, hypertension, and hyperlipidemia. Additionally, we

used linear regression models to predict serum free testosterone levels in relation to age.

No statistically significant differences were observed in the rate of free testosterone

decline associated with aging between MSM with HIV and MSM without HIV (Figure

4).

Among MSM with HIV, serum free testosterone levels exhibited a significant decline

with advancing age, higher BMI, and longer duration of HIV infection (Table 11).

Additionally, there was a positive association observed between serum free testosterone

levels and the use of NRTIs. Conversely, no significant correlations were found between

serum free testosterone levels and CD4 count, thyroid function, prolactin levels, or

comorbidities such as hypertension, hyperlipidemia, diabetes, and viral hepatitis B or C
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serostatus. Similar to the findings across all study participants, serum SHBG levels in

MSM with HIV increased significantly with age and were positively associated with the

presence of HBsAg and anti-HCV, while displaying a negative association with BMI,

hypertension, and hyperlipidemia.

140
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Figure 4. Age-predicted serum free testosterone decline in MSM with or without HIV. P

value for interactions between HIV serostatus and age was 0.774.
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Table 10. Factors associated with serum free testosterone levels (left column) and serum SHBG levels (right column) in all subjects via simple and multiple

linear regression models. (n = 554)

Free testosterone (pg/mL) SHBG (nmol/L)
Variables Unadjusted model” Adjusted model” Unadjusted model® Adjusted model”
Regression coefficient P value  Regression coefficient ~ Pvalue  Regression coefficient ~ Pvalue  Regression coefficient P value
HIV serostatus® -16.44 <0.001 -4.32 0.172 3.66 0.033 0.65 0.720
Age (years) -1.24 <0.001 -1.14 <0.001 0.42 <0.001 0.51 <0.001
BMI (kg/m?) -1.43 <0.001 -1.07 <0.001 -1.24 <0.001 -1.09 <0.001
Current smoker? 0.51 0.866 2.61 0.105
HBsAg positivity® -13.42 <0.001 12.34 <0.001 9.16 <0.001
Anti-HCYV positivity® -8.60 0.029 5.23 0.013 5.18 0.009
Hypertensionf -19.29 <0.001 -1.13 0.604 -5.48 0.014
Diabetes’ -13.99 0.038 -0.48 0.893
Hyperlipidemia” -15.11 <0.001 -1.88 0.186 -5.33 <0.001
Chronic kidney disease/ -10.02 0.261 -2.06 0.665
Free T4 (ng/dL) 16.57 0.050 -3.18 0.484
Prolactin (ng/mL) 0.13 0.579 -0.15 0.224

“Free testosterone (left column) and SHBG (right column) as dependent variable, other clinical factors as independent variables, using simple linear regression analysis.

PFree testosterone (left column) and SHBG (right column) as dependent variable, other clinical factors as independent variables, using multiple linear regression analysis and forward

stepwise selection. HIV serostatus was included in the model as a forcing variable.

“HIV serostatus: 0, no HIV infection; 1, positive HIV infection

Current smoker: 0, not active smoking currently; 1, smoking at least 100 cigarettes during lifetime and were still actively smoking at the time of study enrollment.

“HBsAg positivity, anti-HCV positivity: 0, no; 1, yes

Y Comorbidities: 0, no; 1, yes. Chronic kidney disease defined as an estimated glomerular filtration rate less than 60 ml/min/1.73m?

Abbreviations: Anti-HCV, anti-hepatitis C antibody; BMI, body mass index; HBsAg, hepatitis B surface antigen; HIV, human immunodeficiency virus; SHBG, sex hormone-binding globulin.
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Table 11. Factors associated with serum free testosterone levels (left column) and serum SHBG levels (right column) in MSM with HIV via simple and multiple

linear regression models. (n = 420)

Free testosterone (pg/mL) SHBG (nmol/L)

Variables Unadjusted model” Adjusted model” Unadjusted model” Adjusted model?
Univariate Pvalue Multivariate Pvalue Univariate Pvalue Multivariate Pvalue
coefficient coefficient coefficient coefficient

Age (years) -1.18 <0.001 -0.89 <0.001 0.43 <0.001 0.54 <0.001
BMI (kg/m?) -1.24 0.001 -1.03 0.003 -1.16 <0.001 -0.96 <0.001
Current smoker® 1.50 0.650 2.62 0.147
Current CD4 (cells/pL) 0.004 0.468 -0.006 0.045
Duration of HIV infection (years) -1.79 <0.001 -0.84 0.002 0.45 0.001
NRTI use? 24.57 0.003 28.0 <0.001 2.62 0.561
NNRTI use” -14.04 0.013 -2.97 0.338
1 use” 3.67 0.616 2.33 0.562
HBsAg positivity” -12.75 0.001 10.23 <0.001 7.04 <0.001
Anti-HCV positivity® -5.26 0.191 4.95 0.025 5.23 0.012
Hypertension” -16.67 <0.001 -1.22 0.595 -5.13 0.034
Diabetes’ -12.14 0.075 -0.70 0.851
Hyperlipidemia’ -10.85 <0.001 -4.29 0.009 -5.43 0.001
Chronic kidney diseases’ -6.41 0.466 -2.83 0.558
Free T4 (ng/dL) 18.66 0.041 -4.01 0.429
Prolactin (ng/mL) 0.13 0.588 -0.17 0.214

“Free testosterone (left column) and SHBG (right column) as dependent variable, other clinical factors as independent variables, using simple linear regression analysis.

PFree testosterone (left column) and SHBG (right column) as dependent variable, other clinical factors as independent variables, using multiple linear regression analysis and forward

stepwise selection.
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“Current smoker: 0, not active smoking currently; 1, smoking at least 100 cigarettes during lifetime and were still actively smoking at the time of study enrollment.

INRTI use, NNRTI use, IT use: 0, no; 1: yes

“HBsAg positivity, anti-HCV positivity: 0, no; 1, yes

JComorbidities: 0, no; 1, yes. Chronic kidney disease defined as an estimated glomerular filtration rate less than 60 ml/min/1.73m?

Abbreviations: Anti-HCV, anti-hepatitis C antibody; BMI, body mass index; CD4, cluster of differentiation 4; HBsAg, hepatitis B surface antigen; HIV, human immunodeficiency virus; Ils,
integrase inhibitors; MSM, men who have sex with men; NNRTIs, Non-nucleoside reverse transcriptase inhibitors; NRTIs, nucleoside reverse-transcriptase inhibitors; Pls, protease inhibitors;

SHBG, sex hormone-binding globulin.
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Discussion

This study represents the largest Chinese Han cohort to date investigating the clinical
manifestations and prevalence of hypogonadism among MSM. We followed current practice
guidelines by employing morning fasting free testosterone levels as the diagnostic criterion for
hypogonadism.® Our findings revealed that MSM with HIV had a symptomatic hypogonadism
prevalence of 8.3%, whereas MSM without HIV had a prevalence of 1.6%. MSM with HIV
exhibited comparable age-predicted serum free testosterone levels and age-related declines in
free testosterone compared to MSM without HIV infection. Our analysis further identified older
age, higher BMI, and longer duration of HIV infection as factors associated with lower serum
free testosterone levels. Additionally, HBsAg and anti-HCV positivity correlated with elevated
serum SHBG levels, though they did not significantly impact free testosterone levels. Similarly,
hypertension and hyperlipidemia were associated with reduced serum SHBG levels but did not
significantly affect free testosterone levels.
Comparison of findings from our study with previous literature

In our study, the prevalence of hypogonadism in MSM with HIV was lower compared to
the that reported in the literature, which ranged from 9.3% to 52% (Table 12).16:17:242741 The
variability in hypogonadism prevalence across these studies could be resulted from differences
in the age distribution of their respective populations and variations in the definitions used for
hypogonadism. Our study population exhibited comparable median age and BMI to the France
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study, which reported a hypogonadism prevalence of 12% among MSM with HIV.!” Another
potential factor contributing to the lower prevalence of hypogonadism could be the improved
overall health status observed in MSM with HIV. Research has indicated an inverse correlation
between serum testosterone levels and the number of comorbidities and frailty index.'® Our
study population had a lower prevalence of viral hepatitis and chronic metabolic diseases
compared to earlier studies, suggesting a generally better health status among Taiwanese

participants.

Table 12. Comparing prevalence of hypogonadism among people with HIV in our study and

previous literatures

Our study*! Italy, 2011'S United States, 2014  France, 20177

Number of study HIV+ 442 HIV+ 364

HIV + 1325 HIV+ 113
subjects HIV- 122 HIV- 166
Median age of study ~ HIV+41.2 HIV+51.6

45 41
subjects (years) HIV-31.0 HIV-48.1
Cut-off value of Free T <63.5 Total T<300  Free T <50 pg/mL or

Free T <70 pg/mL

hypogonadism pg/mL ng/dL Total T <300 ng/dL
Biochemical HIV+ 8.14% HIV+ 9.3%

HIV+ 16% HIV+ 12.5%
hypogonadism HIV- 1.64% HIV-7.2%
Symptomatic HIV+ 5.88%

N/A N/A N/A
hypogonadism HIV- 1.64%

Abbreviations: Free T, free testosterone; HIV, human immunodeficiency virus; N/A, not available; Total T, total

testosterone

30

doi:10.6342/NTU202401892



Association between hypogonadism and HIV serostatus

Contrary to our initial hypothesis, the study did not identify a significant association
between serum free testosterone levels and HIV serostatus. In previous literature, HIV infection
might result in primary hypogonadism due to interference with testosterone production by
direct viral effect or chronic inflammation.* The prevalence of primary hypogonadism was
2.7% in our HIV-positive cohort, which is comparable to the prevalence observed in the Italian
cohort.!> On the other hand, the pathogenesis of secondary hypogonadism is multifactorial, as
any factors could interfere with hypothalamic-pituitary-gonadal axis (Figure 1).* Due to recent
improved general health among people with HIV in Taiwan, with suppressed viral loads, we
believed this could contribute to the lower prevalence of secondary hypogonadism (8.9%) in
our cohort. Limited studies have enrolled MSM without HIV participants to investigate the
prevalence of hypogonadism in MSM with HIV. Our results were similar to the findings from
the MACS study, as both showed a comparable rate of free testosterone decline with aging
among the two groups.'®!® It's noteworthy that our study included MSM without HIV as the
control group, possibly sharing similar lifestyle behaviors with MSM with HIV compared to
the general population. Additionally, the overall health status of MSM with HIV may have
improved over time compared to participants in the MACS study, conducted over a decade ago.
Other factors associated with serum free testosterone levels

Whether the regimen of ART effects to serum free testosterone levels is still unclear. We
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incidentally found a positive association between NRTIs use and serum free testosterone levels.
Due to the highly prevalent use of NRTIs (96.6%) in our study, we further examined the residual
15 subjects who did not receive NRTIs. These participants all received a combination regimen
of dolutegravir and rilpivirine. Nonetheless, we could not find the association between these
two ARTs and low serum testosterone levels in the literature. These medications had not been
shown to interfere with testosterone metabolism, either. Table 13 showed the additional analysis
of serum free testosterone in participants using different numbers of NRTIs. In the HIV-positive
group, there were no significant differences in serum free testosterone levels between those
using no NRTIs and those using one NRTI. Similarly, in the HIV-negative group, serum free
testosterone levels did not differ between participants using and not using PrEP (a combination
of two NRTIs). We hypothesized unidentified confounding factors might exist in MSM with
HIV receiving fewer than two NRTIs. Physicians may switch from more common ART
regimens to second-line treatments due to drug resistance, drug interactions or other
comorbidities. These comorbidities, rather than the ART regimen itself, could potentially
impact serum free testosterone levels. On the other hand, a recent study revealed that among
virally suppressed MSM with HIV, switch to regimen of bictegravir, emtricitabine and tenofovir
alafenamide relieved HIV-associated symptoms.*® In our study, 55% of MSM with HIV

received this regimen.
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Table 13. The effect of using nucleoside reverse transcriptase inhibitors on serum free

testosterone levels

In MSM with HIV
No NRTI One NRTI Two NRTIs
P
(n=15) (n=14) (n=218)
Free testosterone
75.0+27.4 73.0+33.2 100.5+30.6 0.040
(pg/mL)
In MSM without HIV
No NRTI Two NRTIs
P
(n=84) (n=40)
Free testosterone
114.9 +28.9 1159+32.4 0.864

(pg/mL)

HCYV infection had been shown to increase serum SHBG and decrease free testosterone
levels.*”*® Fewer studies examined the impact of HBV infection on serum free testosterone
levels.*” Our study found that individuals with HBsAg and anti-HCV positivity had
significantly elevated serum SHBG levels among HIV-positive group, yet this did not affect
free testosterone levels. This observation aligns with previous findings indicating that co-
infection with viral hepatitis is not predictive of serum androgen levels.!®!® In patients with
obesity, inflammatory cytokines and metabolic disorders may reduce gonadotropin frequencies,
which result in lower free testosterone and SHBG production.’® Our study revealed a significant
negative correlation between BMI and both serum SHBG and free testosterone levels in MSM
with HIV. Prior research has also highlighted BMI as a negative predictor for serum testosterone
levels.!® In contrast, during the pre-ART era, there was a positive correlation between free

testosterone levels and body weight in patients with HIV wasting syndrome.” This suggests that
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there may be different mechanisms involved in the pathogenesis of hypogonadism between
HIV patients with wasting syndrome and those with obesity.

Hyperprolactinemia is known to interfere with gonadotropin-releasing hormones and is
associated with secondary hypogonadism.® In our study, 23 participants (4.5%) exhibited mild
increases in serum prolactin levels, ranging from 20 to 50 ng/mL. We explored whether these
individuals were at higher risk of developing male hypogonadism. However, in multiple linear
regression models, neither serum prolactin levels nor the presence of hyperprolactinemia
correlated with serum free testosterone levels. Furthermore, the prevalence of hypogonadism
remained similar regardless of whether participants with mild hyperprolactinemia were
excluded or included in the analysis (Table 13). Therefore, it was appropriate to include these
individuals with mild hyperprolactinemia in our study. On the other hand, primary
hypothyroidism has been noted to link with hypogonadism due to its impact on reducing LH
response to gonadotropin-releasing hormone.®! In our study, where 1% of study subjects had
subclinical hypothyroidism and none had primary hypothyroidism, serum free T4 levels did not

show an association with free testosterone levels in the multiple regression analyses.
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Table 14. The prevalence of symptomatic hypogonadism with and without participants with

hyperprolactinemia
Prevalence of symptomatic
MSM with HIV MSM without HIV P
hypogonadism
People with mild hyperprolactinemia
37/447 (8.3%) 2/124 (1.6%) 0.009
included (as in Table 2)
People with mild hyperprolactinemia
35/423 (8.3%) 2/118 (1.7%) 0.012

excluded

The utility of screening stools in HI'V-related hypogonadism

ADAM questionnaire is a widely employed and convenient tool for screening male
hypogonadal symptoms. In community-based Chinese men, the ADAM questionnaire
screening for low serum free testosterone levels had a high sensitivity of 88% but low
specificity of 32%.!! We performed analysis on serum free testosterone levels and prevalences
of biochemical hypogonadism according to ADAM questionnaire results (Table 14). Among
MSM with HIV, those with positive ADAM result were significantly older. There were no
significant differences in serum free testosterone levels and prevalences of biochemical
hypogonadism between participants with positive and those with negative ADAM result. The
sensitivity and specificity of ADAM questionnaire in predicting low free testosterone were 71%
and 39%, respectively. The lower sensitivity in our cohort compared with previous study in
China implied that there a significant proportion of MSM with HIV had low serum testosterone

levels but without hypogonadal symptoms.
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Table 15. Serum free testosterone levels and prevalences of biochemical hypogonadism in
MSM with HIV according to ADAM questionnaire results

MSM with HIV Positive ADAM result Negative ADAM result P
N=276 N=169
Age 43 [34 - 50] 3529 —46] <0.001
BMI 23.8 [21.7 - 25.8] 23.7[21.8 - 26.3] 0.463
Free testosterone (pg/mL) 96.9 +31.1 102.5 £ 30.5 0.062
Biochemical hypogonadism 27 (9.8%) 11 (6.5%) 0.230

Limitations of our study

There are several limitations to our study, and the results should be interpreted cautiously.

Firstly, there was a significant age discrepancy between the two groups of participants.

Enrolling MSM without HIV who were similar in age to MSM with HIV was challenging in

our study setting. This difficulty arose because participants from the government-funded PrEP

program, which included MSM under 35 years of age, and those utilizing anonymous HIV

testing services tended to be younger compared to MSM with HIV. To solve this problem,

multiple regression analysis was performed to adjust for age (Table 10). Additionally, we

conducted a subgroup analysis to compare serum testosterone levels and the prevalence of

hypogonadism in MSM with and those without HIV within the same age stratification. The

result showed no statistically significant differences between MSM with and MSM without

HIV regarding serum free testosterone levels and prevalence of hypogonadism (Table 8).

Secondly, as serum testosterone levels exhibit physiological daily variations, relying on the

single testosterone test to diagnose hypogonadism could lead to an overestimation of the true
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prevalence of hypogonadism. In our study, 18 out of 54 participants with low free testosterone
levels underwent repeated measurement. The reasons for significant loss to follow-up could be
that these participants were not experiencing bothersome symptoms of hypogonadism and
might not have taken their low testosterone levels seriously, thus lacking motivation to return
for another testosterone measurement. Nevertheless, since most epidemiological studies on
hypogonadism in MSM with HIV have utilized single testosterone measurements, our findings
can be reasonably compared with those of previously published studies.'>!®?* However,
conducting a longitudinal follow-up study of participants with subnormal free testosterone
levels would be warranted. Thirdly, our study excluded individuals undergoing testosterone
replacement therapy, potentially leading to an underestimation of the actual prevalence of
hypogonadism among MSM populations. These exclusions were necessary because we couldn't
verify their diagnosis and prior serum testosterone levels before starting therapy. Moreover,
existing literature indicates that testosterone prescriptions frequently deviate from guidelines,
suggesting that some of these patients may not genuinely have hypogonadism.** Lastly, given
the stigma associated with HIV infection, some participants may have declined to participate in
the study, particularly those recruited from anonymous HIV testing services, citing privacy

concerns. This potential selection bias could impact the estimated prevalence of hypogonadism.
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Perspective and Conclusion

Our cross-sectional study delineated some important factors associated with male

hypogonadism in MSM with HIV population. We noted that in HIV-positive obese individuals

in our study, 18.3% had low free testosterone levels. From the clinical perspective, this

subgroup may indicate a particular population that could benefit from screening for male

hypogonadism. In the future, conducting longitudinal follow-ups of high-risk populations could

be a relatively cost-effective approach to explore causal relationships among serum testosterone

levels, symptoms, and aging. The duration of HIV infection represents a significant clinical

factor associated with free testosterone levels, independent of age. Future studies could also

investigate additional parameters such as the interval between diagnosis and treatment initiation,

initial CD4 counts, and history of opportunistic infections.

In conclusion, our study revealed a low prevalence of hypogonadism (8.3%) among MSM

with HIV in Taiwan, with secondary hypogonadism being the predominant form. Serum free

testosterone levels were negatively associated with age, BMI and duration of HIV infection. No

significant correlation was observed with HIV serostatus. Furthermore, both MSM with HIV

and those without showed a comparable age-related decline in serum free testosterone levels.
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