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Hypogonadism in HIV-1-infected men is common
and does not resolve during antiretroviral therapy
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Objectives: To assess the prevalence of abnormal testos-
terone and gonadotropin values in HiV-infected men
before and after 2 years of combination antiretroviral
therapy (cART).

Design: Multicentre cohort of HIV-infected adults.
Methods: We identified 139 Caucasian antiretroviral-
naive male patients who started zidovudinef
lamivudine-based cART that was virologically successful
over a 2 year period. Ninety-seven were randomly chosen
and plasma hormone determinations of free testosterone
{fT) and luteinizing hormone (LH) at baseline and after 2
years of cART were evaluated.

Results: At baseline 68 patients (70%) had subnormal fT
levels, In these, LH levels were low in 44%, normal in
47% and high in 9%. There was a trend for an associa-
tion between lower CD4* T-cell counts and
hypogonadism. Most participants had normal FSH levels.
No significant changes of fT, LM and FSH levels were
observed after 2 years of cART.

Conclusions: Low fT levels, mainly with normal or fow LH
levels and thus indicating secondary hypogonadism, are
found in the majority of HIV-infected men and do not
resobfve during 2 years of successful cART,

Iintroduction

Changes in male sex hormones during HIV infection
have been described since the beginning of the HIV
epidemic [1,2). Acquired hypogonadism, mostly hypog-
onadotropic, that being with low levels of luteinizing
hormone (LH}, is the disorder most frequently seen
during the natural course of HIV infection. Little is
known about the influence of combination antiretro-
viral therapy (cART} on the hypothalamic~pituitary—
gonadal (HPG) axis. In particular, it is not known
whether hypogonadism is reversible if successful cART
is continued for several years.

The aim of this study was to describe the prevalence
of abnormalities in free testosterone (fT), LH and
follicle stimulating hormone (FSH)} and their change
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during 2 years of successful cART in antiretroviral-
naive HIV-infected men.

Materials and methods

The Swiss HIV Cohort Study

The Swiss HIV Cohort Study (SHCS, www.shcs.ch)
is a prospective cohort study enrolling HIV-infected
adults, Data are collected in seven study centres
(Basel, Berne, Geneva, Lausanne, Lugano, St Gall
and Zurich) according to a standardized protocol [3]
at registration and all follow-up visits. Every 6
months blood plasma samples are obtained and
stored at -80°C for future research projects. These
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plasma samples are not always taken in a morning
fasting state.

Study design

We performed a study of ART-naive HIV-infected
Caucasian men who started and continued a virologically
successful zidovudine (AZT) and lamivudine (3TC)-
based cART for 2 years. To be eligible for the study indi-
viduals had to remain on an unchanged cART. Patients
with an acute opportunistic infection at the start of cART
or androgen-treatment during the 2 vears of study were
exciuded. Additional exclusion criteria were diabetes
mellitus before starting ¢cART and an uncontrolied AIDS-
defining illness at the start of cART. Patients had to have
undetectable plasma HIV RNA (<50 copies/ml} after 2
years of ¢cART, as a marker for good adherence to the
treatment. According to the SHCS dataset of July 2003,
139 participants fulfilled these criteria,

We randomly chose 100 participants and measured
serum levels of LH, FSH and fT in the plasma stored
before the start (baseline) and 2 years after unchanged
cART. In one patient hormone levels could not be deter-
mined in the baseline sample. In addition, two patients
were withdrawn from analysis because source data veri-
fication in patient charts revealed that they had been on
antiretroviral drugs before entering the study. As a
result, the study was performed with 97 patients.

Data record

Date of birth, height, HIV-transmission mode and
ethnicity are recorded at enrolment into the SHCS for
every patient. Weight, plasma HIV RNA, CD4* T-cell
count, stage of HIV infection, AIDS-defining conditions,
all changes of antiretroviral treatment, the use of
anabolic drugs and androgens are assessed prospectively
every 6 months within the SHCS. The last recording
before starting cART was used as baseline and stored
plasma from this visit was used to determine baseline
hormone levels. For data after 2 years of cART the
recording nearest to 24 months after commencement of
cART was used if it was at least 18 months after starting
antiretroviral treatment.

Measurements of viral load and CD4" T-cells in the
plasma

Plasma viral load was measured using the Roche
Amplicor Monitor assay (Roche Diagnostics, Rotkreuz,
Switzerland; limit of detection <50 copies/mi). CD4* T-
cell counts were determined by flow cytometry at the
reference laboratories of the SHCS.

Measurement of hormones in the plasma

FSH and LH were quantified by commercial microplate
double-antibody ELISA methods (Fasia®, MedGenix,
Fleurus, Beigium).
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Table 1. Characteristics of the study participants

Characteristics n=97
Median age, years {IQR) 39 {35-45}
Duration of documented HIV infection, 1.2 (01-72.1)
years {lQR)
HIV transmission mode, n (%)
MSM 44 (45)
Heterosexual 30 (31)
1GU 22 (23}
Unknown/other 1(1)
CDC stage, n (90
A 69 (71)
B 23 (24)
¢ 5 {5
cART, n (%)
Pl based 61 {B3)
NNRTI based 36 (37)
Before cART
Median BMI, kg/m? ({QR) 23.4 (20.6-28)
Median CD4* T-cell count, cells/ul {IQR} 201 (102-331)
Median HIV RNA, log,, ¢/mé (1OR) 4.7 {3.3-5.2)

After 2 years of cART
Median BMI, kg/m? (iOR]
Median CD4* T-cell count, cellsful {IQR)

24.4 (21.7-26.3}
433 (277-673)

BMI, body mass index; cART, combination antirctroviral therapy; COC, Centers
for Disease Coentrol znd Prevention; (DU, intravenous drug use; IOR, interquartile
range; MSM, men whao have sex with men,

Radio-immunoassay (Diagnostic Systems Laboratories,
Webster, TX, USA) was used to measure £, For all
commercial assays, the manufacturer’s protocols were
followed. Initial assessment was carried out without
dilution; in some cases, however, repetition in a diluted
sample was necessary.

Hormone measurements after frozen storage have been
validated [4]. All assays were performed in duplicate.

Age-adjusted normal values were used for the cate-
gorization of values within or outside the normal range.

Statistical analysis

A Wilcoxon signed-rank test andfor a two-sample
Wiicoxon rank-sum (Mann~Whitney) test was used for
numerical, ¥%* statistics for categorical data. A two-
sided P-value of s0.05 was considered significant.

Results

The characteristics of the 97 studied participants are
shown in Table 1. About two-thirds started a protease
inhibitor (P1)-based regimen.

Hormone levels before and after 2 years of cART
and the proportion of values measured below or above
the age-adjusted normal levels at these two time points
are given in Table 2.
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Tabie 2, Hormone levels in 97 HiV-infected men before and after 2 years of cART

Before cART After 2 years of cART Povalue
FSH
Median hormone levels, 1UfI (FOR) 3.01{1.8-5.1) 3.1 {2.0-4.7) 0.5
Low levels, 1 {i) 10 (10) 12 (12) 07"
High levels, rt {0k} 4 {4) 4 (4} -
LH
Median hormone levels, IUfl (IQR) 3.0 (1.7-5.0) 3.1 {2.0-5.7} ik
Low levels, n (O} 33 (34) 25 {26) 015t
High levels, n (%) 1n{n) 1 {1} -
fT
Median hormone levels, pmolfl (IQR) 23.1 (17.6-30} 23.8 {18.0-31.2) 08"
Low levels, n (%) 68 {70) 61 (83) 0.2
High levels, n (%) 1{1) 13 -
Type of hypogonadism
Hypogonadetropic hypogonadism, # (%) 30 {44} 23 (38) 1.0"
Normo-gonadotropic hypogonadism, n (%) 32{47) 31 (51} 0.3"
Hypergonadotropic hypogonadism, n (o) 8(3) 7(1) 10t

“Twa-sample Wilcoxon rank-sum test; *MeNemar's 37 test. ¢ART, combination antiretroviral therapy; FSH, follicle stimylating harmone; T, free testosterone;

fQR, interquartile range; LH, luteinizing hormone,

We did not find any factors significantly associated
with hypogonadism {Table 3) except for a trend (P=(.1)
for an association between low baseline CD4* T-cell
counts and fT levels below the age-adjusted normal limits.

At baseline, 70% of fT levels were below the age-
adjusted lower normal levels. The LH level was high in
six {9%), within the normal limits in 32 (47%) and low
in 30 {44%) of these hypogonadal men.

There was no consistent effect on T levels due to
cART. After 2 years of cART, the proportion of men
who showed low levels of fT had not changed signi-
ficantly, with >60% remaining hypogonadal (Table 3).
In 16 {24%) of the 68 initially hypogonadal patients,
fT levels returned to normal during cART. Nine among
thern were and remained normogonadotropic, three
changed from low to normal and one from normal to
high LH levels. Nine {(32%)} of 29 men with initially
normal fT levels developed hypogonadism and three
men changed from normal to low LH levels. Therefore,
the proportions of patients with hyper-, normo-
gonadotropic or hypergonadotropic hypogonadism did
not change significantly.

Changes in fT or LH levels did not differ with regard
to whether the cART regimen included a P! or a non-
nucleoside reverse transcriptase inhibitor.

Although the proportion of patients with fow LH
levels decreased after 2 years of cART, this did not reach
statistical significance (P=0.15, McNemar's %* test}.

Discussion

Hypogonadism has repeatedly been described in HIV-
infected men. HIV-related hypogonadism might or
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might not be related to an impaired HPG axis, as both
hypogonodatropic  [5,6] and hypergonadotropic
[1,5,7) hypogonadism have been reported. Androgen
deficiency has been found to be associated with low
CD4* T-cell counts, progression of illness, medication
use and weight loss [8-10].

The proportion {70%) of men with hypogonadism
observed in our study is the highest reported so far in
a group of HIV-infected individuals not suffering
from uncontrolled opportunistic diseases [1,10,11].
This might be explained in part by the age-adjusted
normal range used to identify hypogonadism here.
Moreover, some of the studies measured total testos-
terone levels [1], which might underestimate the
frequency of hypogonadism in this population [10].
Therefore, the serum measurement of T is still
considered the gold standard for the diagnosis of
hypogonadism [12]. The kit we used to measure fT is
based on analogue tracer technology, which might
show slightly different results compared with
measurement by dialysis.

In the patients with low fT, LH levels were within
or below the normal range in 91% and 89% before
and after 2 years of cART, respectively (Table 3). In a
functional HPG axis one would expect high LH levels
as a response to low testosterone, so this finding
points towards a mainly secondary hypogonadism in
the studied population.

After 2 years of cART the fT levels did not
increase significantly. This finding concurs with
many other, mostly cross-sectional, studies, which
found similar frequencies of androgen deficiency in
HIV-positive patients with or without antiretroviral
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Table 3. Logistic regression model of associations with low free testosterone levels

Plasma BV RNA, per log,, copiesfm|

CD4* T-cell count at cART start, per 50 cells/id increase
Duration of documented HIV infection, years

Body mass index increase, per unit

Age increase, per 10 years

HIV transmission by 1DU as compared to heterosexual
HIV transmission by MSM as compared to heterosexual

Crude odds ratio (95% C}) Adjusted odds ratio (95% CH) Pvalue
0.61 {¢.32-1.18) 0.69 (0.29~1.24) 0.2
0.95 (0.84-1.06) 0.%1 (0.20-1.03) 0.}
1.02 [0.93-1.21} 1.01 (0.81-1.12) 09
1.01 {0.89-1.15) 1.01 (0.88-1.18) 0.8
0.99 (0.62-1.58) 0.91 (0.52-1.56) 0.7
1.46 (0.41-5.17) 1.20 (0.26-5.49) 0.8
0.83 (0.31-2.25) 0.82 (0.25-2.64} 0.7

The adjusted odds ratios arc from a regression model that included alt parameters showen in the table, ¢ART, combination antizetroviral therapy: Cl, confidence interval; [BY,

intravenous drug vse; MSM, men who have sex with men.

therapy [10,11]. One study, however, found a signif-
icant increase in testosterone levels in 15 patients
during cART [13].

HIV infection has been shown to reduce semen
quality in some studies [14-16], but this has been
questioned [17]. In general, low semen quality is asso-
ciated with pathological FSH levels. In our study the
proportion of patients with pathological FSH levels
was low and our findings do not suggest a uniform
pathology of this hormonal pathway.

The structure of the SHCS allowed us to identify
treatment-naive Caucasian HiV-infected men who
started and continued a virologically successful cART
on a constant nucleoside reverse transeriptase inhibitor
backbone and to analyse fT and LH at the start of
cART and after 2 years of successful treatment. This is
a unique design to study the prevalence of endocrine
abnormalities in HIV-infected men and the course of
the abnormalities during cART, because prior anti-
retroviral therapy has been a major confounding factor
in several other studies.

On the other hand, the use of stored plasma samples
is a limitation of our study, because they were not all
taken in a morning fasting state. Diurnal variations,
with lower afternoon fT levels, might have led to 2
certaln overestimation of the prevalence of hypo-
gonadism. However, diurnal variations are mostly seen
in young, healthy men and tend to disappear with
increasing age [18,19].

In conclusion, our data show that a considerable
propottion of treatment-naive HIV-positive men have
abnormally low age-adjusted levels of fT, which is
not reversible after 2 years of successful cART. This
deficiency might have an impact on psychological
issues such as depression, fatigue, lack of drive and
decreased libido, but might also have long-term
consequences including osteoporosis, loss of weight
and anaemia. Looking for hypogonadism and,
if necessary, testosterone supplementation after
exclusion of contraindications might be indicated in
these patients.

264

Acknowledgements

Our thanks go to Ms Anne Vaucher in the research
laboratory for skilful technical assistance and to Anna
Christen, study nurse in Berne, who coordinated the
data collection. We also thank the physicians and study
nurses of the SHCS centres who cared for the patients
in the study. Special thanks go to the patients of the
SHCS whose participation made this study possible.

This study has been financed in the framework of
the Swiss HIV Cohort Study, supported by the Swiss
National Science Foundation.

The members of the Swiss HIV Cohort Study are M
Battegay, E Bernasconi, ] Béni, H Bucher, Ph Biirgisser,
§ Cattacin, M Cavassini, R Dubs, M Egger, L Elzi, P
Erb, M Fischer, M Flepp, A Fontana, P Francioli
{President of the SHCS, Centre Hospitalier
Universitaire Vaudois, CH-1011- Lausanne); H Furrer
{Chairman of the Clinical and Laboratory Committee);
M Gorgievski, H Giinthard, B Hirschel, I Hosli, Ch
Kahlert, L Kaiser, U Karrer, O Keiser, C Kind, Th
Klimkait, B Ledergerber, B Martinez, N Mailler, D
Nadal, M Opravil, F Paccaud, G Pantaleo, L Perrin, J-
C Piffaretri, M Rickenbach (Head of Data Center); C
Rudin (Chairman of the Mother & Child Substudy); P
Schmid, D Schultze, ] Schiipbach, R Speck, P Taffé, P
Tarr, A Telenti, A Trkola, P Vernazza (Chairman of the
Scientific Board); R Weber, § Yerly.

References

1. Dobs AS, Dempsey MA, Ladenson PW, Polk BE Endocrine
disorders in men infected with human immuncdeficiency
virus. Am | Med 1988; 84:611-616.

2. Raffi F, Brisseau JM, Planchon B, Remi JP, Barricrd]H,
Grolleau JY. Endocrine function in 98 HIV-infecte
patients: a prospective study. AIDS 1991; 5:729-733.

3. Sudre P, Rickenbach M, Taffé P, et al. Clinical epidemi-
ology and research on HIV infection in Switzerland: the
Swiss HEV Cohort Study 1988-2000. Schweiz Med
Wochenschr 2000; 130:1493-1500.

4. Evans M]J, Livesey JH, Ellis M], Yandle TG. Effect of
antécoaguiants and storage temperatures on stability of
i‘asirs_z} aInI%'scrum hormones. Clin Biochem 2001;

& 2007 International Medical Press



10,

11,

12.

Poretsky L, Can S, Zumoff B. Testicular dysfunction in
human immunaodeficiency virus-infected men. Metabolism
1995; 44:946-953.

Croxson TS, Chapman WE, Miller LK, Levit CD, Senie R,
Zumoff B. Changes in the hypothalamic-pituitary-gonadal
axis in human immunodeficiency virus-infected homosexual
men. ] Clin Endocrinol Metab 1989; 68:317-321.

Brockmeyer NH, Kreuter A, Bader A, Seemann U,
Reimann G. Prevalence of endocrine dysfunction in HIV-
infected men. Horm Res 2000; 54:294-295,

Mylonakis E, Koutkia P, Grinspoon S. Diagnosis and treas-
ment of androgen deficiency in human immunodeficiency
virus-infected men and women. Clin Infect Dis 2001;
33:857-864.

Christeff N, Gharakhanian 8, Thobie N, Rozenbaum W,
Nunez EA. Evidence for changes in adrenal and testicular
steroids during HIV infection. J Acquir Inmune Defic
Syndr 1992; 5:841-846.

Rictschel P, Corcoran C, Stanley T, Basgoz N, Klibanski A,
Grinspoon S. Prevalence of hypogonadism among men with
weight loss related to human immunodeficiency virus infec-

tion who were receiving highly active antiretroviral
therapy. Clin Infect Dis 2000; 31:1240-1244,

Grinspoon SK, Bilezikian JP. HIV discase and the endocrine
system. N Engl | Med 1992; 327:1360-1365.

Tanczredi A, Reginster JY, Luyckx F, Legeos f]. No major
month to month variation in free testosterone levels in aging

Antiviral Therapy 12:2

13.

14.

15.

16.

17.

18,

19.

Accepted for publication 13 September 2006

High prevalence of hypogonadism

males. Minor impact on the biological diagnosis of
‘andropause’. Psychoneuroendocrinology 2005; 31638646,

Coliazos ], Martinez E, Mayo ], Ibarra S, Sexual hormones
in HIV-infected patients: the influence of antiretroviral
therapy. AIDS 2002; 16:334-937.

Nicopoullos JD, Ramsay JW, Gilling-Smith C, Almeida PA.
Frozen embryos gencrated from surgically retrieved sperm
from azoospermic men: are they clinically viable? | Assist
Reprod Genet 2004; 21:401-407,

van Leeuwen E, Cornelissen M, de Vries JW, et al. Semen
parameters of a semen donor before and after infection
with human immunodeficiency virus type 1: case report.
Humt Reprod 2004; 19:2845-.2848.

Dulioust E, Du AL, Costagliola D, et «al, Scmen alterations
in HIV-1 infected men. Hum Reprod 2002; 17:2112-2118.

Dondero E Rossi T, D*Offizi G, et al. Semen analysis in
HIV seropositive men and in subjects at high risk for HIV
infection. Hum Reprod 1996; 11:765-768.

Bremner W], Vitiello MV, Prinz PN. Loss of circadian
rhythmicity in blood restosterone levels with aging in
normai men, J Clin Endocrinol Metab 1983;
56:1278-1281.

Boyce MJ, Baisley KJ, Clark EV, Warrington SJ. Are
published normal ranges of serum testosterone too high?
Results of a cross-sectional survey of serum testosterone
and luteinizing hormone in healthy men. BJU Ixt 2004;
94:881-885.

265



