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A B S T R A C T

Introduction. Hypogonadism is common in human immunodeficiency virus (HIV)-infected men; the high concen-
tration of sex hormone binding globulin (SHBG) in this population, induces a “false increase” in total testosterone
(TT) values.
Aims. To validate the determination of TT and measured free testosterone (FT [radioimmunoassay {RIA} ] ) for
hypogonadism diagnosis in an HIV-infected population using calculated free testosterone (CFT) as reference
method; and also to determine the prevalence and identify the risks factors of hypogonadism.
Methods. Cross-sectional, observational study. Ninety HIV-infected males (42 � 8.2 years), not HCV coinfected,
antiretroviral therapy (ART)-naive (14 patients), on current ART with enhanced protease inhibitor (PI) (39 patients),
or patients on PI-naive ART (NN) (37 patients).
Main Outcome Measures. CFT was calculated by determining TT, SHBG, and albumin (Vermeulen’s formula);
hypogonadism was defined as CFT <0.22 nmol/L (reference range for young healthy males in our laboratory);
sensitivity of TT and FT (RIA) for hypogonadism diagnosis was calculated.
Results. Twelve patients (13.3%, 95% confidence interval [CI] 7.8–21.9) by CFT presented hypogonadism. TT and
FT (RIA) presented a sensitivity of less than 30% in the diagnosis of hypogonadism. Logistic regression multivariate
analysis confirmed an independent association between hypogonadism, the patient’s age per decade, odds ratio (OR)
6.9 (CI 1.9–24.8; P = 0.003), and longer duration of HIV infection per decade, OR 13.1 (CI 1.3–130.6; P = 0.02).
Hypogonadism was associated with erectile dysfunction.
Conclusions. TT and FT (RIA) are not useful in the differential diagnosis of hypogonadism in HIV-infected males.
There is a significant prevalence of hypogonadism in HIV-infected males, with the patient’s age and duration of the
disease being the only identifiable risk factors. Moreno-Pérez O, Escoín C, Serna-Candel C, Portilla J, Boix V,
Alfayate R, González-Sánchez V, Mauri M, Sánchez-Payá J, and Picó A. The determination of total
testosterone and free testosterone (RIA) are not applicable to the evaluation of gonadal function in HIV
infected males. J Sex Med 2010;7:2873–2883.
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Introduction

H ypogonadism is a common endocrine disor-
der in men infected by the human immuno-

deficiency virus (HIV) [1,2]; it affects 17–25% of
men receiving highly effective antiretroviral
therapy (ART) [1–3]. These rates of gonadal dys-
function are greater than those reported in the
general adult population [4].

Hypogonadism in males is characterized by the
incapacity of the testes to produce physiological
quantities of testosterone (androgenic deficiency)
and a normal number of spermatozoids due to the
interruption at one or more levels of the
hypothalamic-hypophyseal-gonadal axis [5]. Clini-
cal guidelines recommend making a diagnosis of
androgen deficiency only in men with consistent
symptoms and signs and unequivocally low serum
testosterone levels [5]; however, many symptoms
are nonspecific and overlap with their own chronic
diseases, such as fatigue, loss of energy, low mood,
irritability, and reduced intellectual ability. Both
primary hypogonadism by testicular failure and
secondary by hypothalamic-pituitary failure, with
acquired or congenital origin, have been associated
with HIV infection and may appear jointly in these
patients. Various etiopathogenic mechanisms in
HIV-infected men, such as systemic diseases,
opportunistic infections, malnutrition, weight loss,
and cachexia, have been suggested [6,7]. However,
many young men in a stable clinical state with
none of these risk factors develop hypogonadism.
HIV infection may play a role in testicular func-
tion, either directly or indirectly mediated by
cytokines [8]. Antiretroviral treatment may also
have a role. Protease inhibitors (PI) appear to
inhibit the cytochrome P450 (CYP3A4) mediated
testosterone metabolism in vitro in human hepa-
tocyte microsomes [9], although no effects have
been seen in vivo.

Hypogonadism may contribute to erectile dys-
function (ED) in HIV-infected patients, although
its actual role has not been clearly established
[1,10]. Otherwise, sex steroids are involved in the
regulation of a large number of physiological pro-
cesses, such as endothelial function, metabolism of
lipoproteins, insulin homeostasis, and body com-
position [11,12]. Hypogonadism, ED, obesity,
insulin resistance, and metabolic syndrome often
coexist in the same subjects; it should be empha-
sized that testosterone seems to exert a favorable
effect upon vascular reactivity, inflammation,
cytokine production, adhesion molecule expres-
sion as well as on serum lipid concentration and

hemostatic factors, suggesting a protective role
against the development of atherosclerosis and its
clinical complications [13]. Low serum testoster-
one concentrations have been proposed for the list
of cardiovascular risk factors in the general popu-
lation [14]. Early diagnosis of hypogonadism in
HIV-infected males is important due to its impact
on quality of life and its possible repercussion on
cardiovascular function.

The diagnosis of hypogonadism is based on the
finding of low serum testosterone concentrations.
Serum total testosterone (TT) concentrations,
representing the sum of unbound and protein-
bound testosterone in circulation, are measured by
(radioimmunoassay) RIA, immunometric assays,
or liquid chromatography tandem mass spectrom-
etry. Most of the circulating testosterone is bound
to sex hormone binding globulin (SHBG) and to
albumin; only 0.5–3% of circulating testosterone
is unbound or “free.” The term “bioavailable tes-
tosterone” (BT) refers to unbound testosterone
plus testosterone bound loosely to albumin. In
adult males of general population, free testoster-
one (FT) determined by direct techniques (RIA)
and the FT index are not adequate measures of FT
[15,16]. In the HIV-infected population, the high
concentration of SHBG induces an increase in TT
values that can lead to underestimation of hypogo-
nadism diagnosis. The Infectious Diseases Society of
America recommends determining FT with reli-
able assay (such equilibrium dialysis) if alterations
in binding proteins are suspected [17]. Although
apparent free testosterone concentration (AFTC)
can be measured accurately by equilibrium dialysis
and BT by ammonium sulfate [5], these accurate
and reliable reference assays are expensive, labori-
ous, and usually are not available in local labora-
tories, and are not useful in everyday clinical
practice [15]. However, mathematical equations
which take into consideration the kinetics of the
bond between FT and albumin and SHBG provide
results practically identical to those of the refer-
ence techniques (correlation coefficient 0.87–
0.98). Calculated free testosterone (CFT) and
calculated BT (CBT) are good surrogate markers
of FT in plasma [15,18]. So, the Endocrine Society
recommends determining FT and BT by reference
assays, or also be calculated from TT, SHBG, and
albumin using published algorithms, as screening
tests of hypogonadism in conditions associated
with alterations in SHBG concentrations, like in
HIV-infected males [5]. Clinicians should use the
lower values of the normal range for healthy young
men established by their reference laboratory [5].
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The diagnostic approach for hypogonadism in
HIV-infected males should include CFT or CBT
[5,8]. So far, no study using this approach has been
published on HIV-infected males; TT and FT
(RIA) are the only parameters used.

Aims

The main objective of this study was to validate
TT and FT (RIA) determinations for hypogo-
nadism diagnosis in HIV-infected men, using CFT
as reference method. Secondary objectives were:
to determine the prevalence of hypogonadism in
HIV-infected males whose clinical state was stable,
using CFT for diagnosis, and to try to find possible
risk factors as the duration of HIV infection, type
and time of exposure to ART, CD4 level, and lipo-
dystrophy. Finally, the validity of screening ques-
tionnaires in the diagnosis of hypogonadism in this
population and the association of hypogonadism
with ED was studied.

Materials and Methods

A cross-sectional observational study was carried out
in the Infectious Diseases Unit of a tertiary hospital
and was approved by the hospital’s Ethics Commit-
tee for Clinical Research. Men undergoing
follow-up in the Unit and who fulfilled the following
inclusion criteria were sequentially sampled: HIV
infection, age �18 years, informed consent given,
ART-naive or on effective ART (<50 copies RNA/
mL) and no changes in the previous 6 months.
Patients on treatment were included only provided
that they were being treated with 2–3 nucleoside
reverse transcriptase inhibitors (NRTI) plus an
enhanced PI or—if they have never been treated
with PIs—with 2–3 NRTIs and a non-NRTI.
Patients suffering from chronic hepatitis C (RNA-
HCV+), active disease defining AIDS, or diabetes
mellitus were excluded. Active drug use, psychiatric
illness or cognitive deficit (which make it impossible
for the patient to understand the study), irregular
follow-up, or therapeutic noncompliance (impossi-
bility of having accurate information about the
history of exposure to different antiviral drugs) were
also causes of exclusion. Any use of prior androgen
replacement therapy (either by prescription or self-
use) or concomitant treatment with ganciclovir,
ketoconazole, megestrol acetate, spironolactone,
thiazide diuretics, anti-androgen, or estrogen
therapy, which may alter the plasma testosterone
concentrations, was not permitted.

Main Outcome Measurements

Outcome Variables
Primary
The sensitivity and specificity of serum FT (RIA)
(reference range, rr 0.031–0.163 nmol/L; 9–47 pg/
mL) (RIA, Coat-A-Count, [Siemens] ) and TT (rr
10.4–34.7 nmol/L; 3–10 ng/mL) (chemolumines-
cent immunoassay, UniCell DXI 800 [Acess Test-
osterone Bekman Coulter]; intra-assay coefficient
of variation [CV] is 2.6% for 29.4 nmol/L, 2.3%
for 16.6 nmol/L, and 4.3% for 2 nmol/L; inter-
assay CV is 5.4% for 26 nmol/L, 3.9% for
16.6 nmol/L, and 7.1% for 2 nmol/L; lower limit
of sensitivity 0.35 nmol/L) for the diagnosis of
hypogonadism were determined in our popula-
tion. Hypogonadism was defined as CFT
<0.22 nmol/L (<6.36 ng/dL), lower than the
normal range for healthy young males. It was cal-
culated by determining TT, SHBG (nmol/L; rr
4–72) (chemoluminescent immunometric assay,
IMMULITE 2000, [Siemens] ), and albumin (rr
480–803 mmol/L; 3,170–5,300 mg/dL) (kinetic
nephelometry, immunochemical systems
IMMAGE [Bekman Coulter] ), from the equation
Free Testosterone = ( [Testosterone] - (N ¥ [Free
Testosterone]))/(Kt{SHBG - [Testosterone] + N
[Free Testosterone]}), where Kt (109 L/mol) is the
association constant of SHBG for T, and N = (Ka
[3.6 ¥ 104 L/mol, association constant of albumin
for T] ¥ Ca [albumin concentration, g/L]) + 1,
described by Vermeulen et al. [16]. All hormone
serum samples were collected between 0800 and
0900 h am. In order to establish the rr of CFT
values for young healthy males in our reference
laboratory, samples were taken from 127 eugo-
nadal healthy young men between 18 and 30 years
old, body mass index (BMI) <30 kg/m2, with no
HIV infection who in addition fulfilled the exclu-
sion criteria of our study. rr in our laboratory of
CFT was defined as 0.22–0.77 nmol/L (6.36–
22.2 ng/dL). The sample size calculation for the
validation of CFT in our reference laboratory was
established using a confidence level of 95%, an
accuracy of 20% and an expected standard devia-
tion of 1.07. The sample size was estimated on at
least 110 individuals. For the age, distribution per-
centages were applied to men with regard to the
existing general population for each year of age,
obtained from the municipal register.
Secondary
Prevalence and Type of Hypogonadism. The follicle
stimulate hormone (FSH) (U/L; rr 1–8), luteiniz-
ing hormone (LH) (U/L; rr 2–11.2), (electro-
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chemiluminescent immunoassay, Modular
Analytics E170, [Roche Diagnostics] ) and prolac-
tin plasma concentration (mg/L; rr 4.6–21) (elec-
trochemiluminescent immunoassay, Modular
Analytics E170, [Roche Diagnostics]) were deter-
mined. Secondary hypogonadism was defined as
FSH or LH concentrations below or equal to the
normal concentrations.

ED. Each patient completed the International
Index of Erectile Function (IIEF-15) sexual dys-
function questionnaire [19]. ED was defined as an
erectile function score of �25 [20]. Hypogo-
nadism questionnaires: each patient completed
two questionnaires—the Androgen Deficiency in
Aging Men Questionnaire (ADAM) and the Aging
Male’s Symptoms Scale (AMS) [21,22].

Explanatory Variables
Sociodemographic and lifestyle variables were
studied as well as variables associated with HIV
infection and with ART. Nadir and current CD4+

lymphocyte count (cells/mm3 and percentage; flow
cytometry; FASCalibur, Becton Dickinson Bio-
sciences, San Jose, CA, USA), plasma viral load
(PVL-HIV) (copies RNA/mL, logarithmic units;
lower detection limit 39 copies/mL; COBAS
TaqMan HIV-test Roche Diagnostics). Patients
were classified into three groups according to their
history of ART, naive (naive group), current ART
with enhanced PI (PI group), or current ART
based on non-NRTI and no history of previous PI
treatment (NN group). Current medication, prior
use of other antiretroviral drugs, and duration of
exposure to these drugs were recorded.

Variables associated with findings on physical
examination, metabolism, and lipodystrophy:
somatometry, BMI, waist–hip ratio and genital
examination determining testicular volume with a
Prader orchidometer. Lipodystrophy was deter-
mined using a standard questionnaire specific for
lipodystrophy based on physical examination [23].

Statistical Analysis
Qualitative variables were expressed as absolute
and relative frequencies in percentages. Quantita-
tive variables were expressed as means and stan-
dard deviation when the distribution was
parametric and as medians and 25th and 75th per-
centiles when the distribution was nonparametric.
In order to evaluate the validity of TT, FT (RIA),
and the ADAM and AMS questionnaires for the
diagnosis of hypogonadism, using CFT as the
standard, the sensitivity, specificity, positive pre-

dictive value, negative predictive value, positive
likelihood ratio, negative likelihood ratio, and
diagnostic likelihood ratio were calculated. The
prevalence of hypogonadism was calculated with
its 95% confidence interval (95% CI), and the
association between the various clinical character-
istics of the patients and hypogonadism was
studied (chi-squared test for qualitative variables;
Student’s t test or Mann–Whitney test for quanti-
tative variables). In order to quantify the strength
of the association, the prevalence odds ratio (OR)
was calculated with its 95% CI. An unconditional
logistic regression multivariate analysis was done
in which the explanatory variables with a statistical
significance of P < 0.10 were included, together
with those considered clinically relevant. In all
cases, values of P < 0.05 were considered statisti-
cally significant. The SPSS 10.1 program (SPSS,
Chicago, IL, USA) was used.

Results

One hundred nine men fulfilled the inclusion cri-
teria, 19 refused to give their written consent to
participate in the study, clinical characteristics of
those patients who refused did not differ from the
included population, so 90 patients were finally
included (Table 1).

The mean age was 42 years (range, 25–68)
(patients distribution by age: 32 [25–39 years], 43
[40–49 years], 15 [>50 years]); 18.9% were in clini-
cal stage C; 72.2% of the patients had an unde-
tectable viral load, median PVL-HIV 39
copies/mL [P25–P75, 39–103.5]. The median CD4+

count was 465 cells/mm3 and only two patients had
a CD4+ count below 200 cells/mm3. Seventy-six
patients (84.4%) were receiving ART. In the NN
group (N = 37), there was a longer duration of the
disease progression (10.1 � 5.5 vs. 7.3 � 5.2 years,
P = 0.026), a longer duration of exposure to ART
(81.6 � 46.7 vs. 50.4 � 30.4 months, P = 0.001),
and a longer duration of current ART (24
[16–43.5] vs. 16 [10–30] months, P = 0.009) than
in the PI group (N = 39). There were no differ-
ences between the groups in age, nadir CD4+

count, current CD4+ count, and PVL-HIV.

Prevalence of Hypogonadism
Twelve patients fulfilled the criteria for hypogo-
nadism by CFT (13.3%, CI 7.8–21.9), 10 (83.3%)
of hypothalamic-hypophyseal origin and two of
gonadal origin (Table 2). Hypogonadism distribu-
tion by treatment groups was: six in the PI group
and six in the NN group. The CFT concentration
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Table 1 Clinical characteristics (N = 90)

% (N) Mean � SD Median [P25–P75]

Age, years — 42 � 8.2 —
CDC Stage — —

A 58.9 (53)
B 22.2 (20)
C 18.9 (17)
Duration HIV—years — 7.8 � 5.6 —

Nadir CD4+, cells/mm3 — — 205 [125–287]
Current CD4+, cells/mm3 — — 465 [365–676]
Viral load RNA/mL — — 39 [39–104]
Group — —

Naive 15.5 (14)
NN 41.1 (37)
PI 43.3 (39)

Duration exposure, months — —
Total ART 66.4 � 42.4
Non-NRTI 35.9 � 26.7
NRTI 110.8 � 89.8*
PI 54.7 � 39.5

Current exposure to
ART (38)
NRTI (17)
Tenofovir (35)
Azidothymidine (25)
Lamivudine (8)
Emtricitabine (15)
Didanosine (9)
Abacavir
Stavudine (34)

Non-NRTI (3)
Efavirenz
Nevirapine (23)

PI (10)
Lopinavir (3)
Atazanavir (3)
Fosamprenavir
Tipranavir

Alcohol consumption —
No 56.6 (51)
Yes 43.3 (39)
SDU 8.6 � 7.7

Smoker — —
No 26.7 (24)
Ex-smoker 7.8 (7)
Yes 65.6 (59)

Sedentary lifestyle — —
No 42.7 (35)
Yes 57.3 (47)

BMI, kg/m2 — 24.7 � 3.4 —
WHR — 0.95 � 0.1 —
Testicular volume (mL) — 20.9 � 4.8
Lipodystrophy — —

No 67.9 (87)
Yes 32.1 (28)

TT, ng/mL — 5.1 � 1.4 —
CFT, ng/dL — 9.8 � 3.3 —
FT (RIA), pg/mL — 13.5 � 3.9 —
FTI, % — 47.5 � 19.8 —
LH, U/L — — 6 [4–8]
FSH, U/L — — 5 [3–8]
PRL, ng/mL — 13.2 � 8.3 —
SHBG, nmol/L 43.1 � 18.3
ED (IIEF-15) — —

No 46.6 (41)
Yes 53.4 (47)

AMS — —
No 37.1 (33)
Yes 62.9 (56)

ADAM — —
No 36.0 (32)
Yes 64.0 (57)

*NRTI recorded as sum of exposure. To convert to International System of Units: TT (ng/mL ¥ 3.467) nmol/L; CFT (ng/dL ¥ 0.03467) nmol/L; FT (pg/mL ¥ 0.003467)
nmol/L.
SD = standard deviation; % = percentage; N = number of patients; NN = current antiretroviral therapy (ART) based on 2–3 nucleoside reverse transcriptase
inhibitors (NRTI) plus a non-nucleoside reverse transcriptase inhibitor (non-NRTI) and never received treatment with protease inhibitors (PI); PI = current ART
based on 2–3 NRTI plus an enhanced PI; SDU = standard drink unit per week; BMI = body mass index; WHR = waist-hip-ratio; TT = total testosterone;
CFT = calculated free testosterone; FT = free testosterone; FTI = free testosterone index; ED = erectile dysfunction; AMS = Aging Male’s Symptoms Scale;
ADAM = Androgen Deficiency in Aging Men; HIV = human immunodeficiency virus.
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was 0.18 � 0.034 nmol/L (5.3 � 0.65 ng/dL) in
patients with hypogonadism vs. 0.36 �
0.1 nmol/L (10.4 � 2.9 ng/dL) in the rest. The
SHBG concentration was 53.16 � 17.5 nmol/L in
patients with hypogonadism vs. 41.56 �
18 nmol/L in the rest (P = 0.04). Patients with
hypogonadism had normal prolactin plasma levels.

The median SHBG concentration of HIV-
infected patients less than or equal to 40 years old
(N = 36) and our reference population of eugo-
nadal healthy men 18–30 years old (N = 127) was
39 nmol/L (P25 31–P75 53) and 27 nmol/L (P25
22–P75 33), respectively (Mann–Whitney U-test,
P < 0.001).

Factors Associated with Hypogonadism
The factors associated with hypogonadism in the
univariate analysis are shown in Table 2. Hypogo-

nadism prevalence was similar in the PI as com-
pared with the NN group (OR = 0.94, P = 0.92). A
detailed study of the more experienced subgroup
of patients, those in the upper interquartile range
(>P75) of exposure to ART, non-NRTI, NRTI, or
PI, showed no greater risk of developing hypogo-
nadism. Exposure to antiretroviral drugs was not
associated with hypogonadism; however, patients
with hypogonadism had been exposed to lopinavir
for a longer time (39.5 � 3.4 vs. 23.5 � 20.4
months; P = 0.001) and to ritonavir as an enhancer
(57.8 � 19.7 vs. 33.3 � 22.9 months; P = 0.03).
Multivariate analysis confirmed an independent
association in our population between age (per
decade; OR 6.9, CI 1.9–24.8, P = 0.003) and
longer time of HIV infection (per year; OR 13.1,
CI 1.3–130.6, P = 0.02) with hypogonadism
(Figure 1).

Table 2 Risk factors for hypogonadism

Factor
Hypogonadism
N = 12

Eugonadism
N = 78 OR (95% CI) P value

Age, years (mean � SD) 49 � 5.5 40.1 � 8 3.47 (1.48–8.1)† 0.004*
CDC stage %(n)

A 75 (9) 56.4 (44) 1
B 8.3 (1) 24.4 (19) 0.26 (0.3–2.17) 0.21
C 16.6 (2) 19.2 (15) 0.65 (0.13–3.36) 0.61

Duration HIV, years (mean � SD) 11.1 � 5.6 7.3 � 5.5 3.21 (1.07–9.66)† 0.038*
Nadir CD4+, cells/mm3 median [P25–P75] 221.5 [124–243] 201 [124–304] 0.99 (0.99–1.002) 0.31
Current CD4+, cells/mm3 median [P25–P75] 460.5 [372–584] 467.5 [354–683] 0.99 (0.99–1.002) 0.48
Viral load, RNA/mL median [P25–P75] 39 [39–39] 39 [39–151] 0.99 (0.98–1.01) 0.64
Tt° group, % (N)

Naïve 0 (0) 17.9 (14) 1
ART (NN + PI) 100 (12) 82.1 (64) Infinite 0.99

Duration exposure, years (mean � SD)
Total ART 5.7 � 3.6 5.5 � 3.5 1.083 (0.93–1.26) 0.31
non-NRTI 2.5 � 1.9 3 � 2.2 1.031 (0.79–1.33) 0.82
NRTI 11 � 6.9 8.9 � 7.5 1.017 (0.85–1.21) 0.85
PI 5.9 � 3.4 4.3 � 3.2 1.1 (0.93–1.31) 0.25

Alcohol consumption, % (N)
Yes 41.7 (5) 43.6 (34) 0.92 (0.27–3.17) 0.9
SDU 8 � 5.6 8.7 � 8.1 0.99 (0.86–1.12) 0.83

Smoker, % (N)
Ex-smoker 8.3 (1) 7.7 (6) 1.17 (0.1–13.36) 0.9
Yes 66.7 (8) 65.4 (51) 1.1 (0.26–4.55) 0.89

Sedentary lifestyle, % (N)
Yes 58.3 (7) 57.1 (40) 1.05 (0.3–3.63) 0.94

BMI, Kg/m2 (mean � SD) 25 � 5.1 24.7 � 3.1 1.03 (0.86–1.22) 0.76
WHR, mean � SD 0.97 � 0.01 0.95 � 0.07 42.9 (0.01–179399) 0.37
WL >102 cm, %(n) 16.7 (2) 6.6 (5) 2.84 (0.48–16.64) 0.25
Testicular volume, mL (media � DE) 21 � 4.2 20.9 � 4.9 1.002 (0.9–1.13) 0.98
Lipodystrophy, % (N) yes 45.5 (5)‡ 29.5 (23) 1.99 (0.55–7.19) 0.29
ED (IIEF-15), % (N) si 100 (12) 46.1 (35)‡ NA NA
AMS, % (N) yes 66.7 (8) 62.3 (48)‡ 1.21 (0.33–4.4) 0.77
ADAM, % (N) yes 75.0 (9) 62.3 (48)‡ 1.81 (0.45–7.25) 0.4

*<0.05.
†For every 10 years.
‡Two patients did not complete the whole IIEF questionnaire, one patient with hypogonadism did not complete the lipodystrophy questionnaire and another patient
did not complete the AMS/ADAM questionnaires.
SD = standard deviation; % = percentage; n = number of patients; OR = odds ratio; CI = confidence interval; Tt° = treatment; NN = current antiretroviral therapy
(ART) based on 2–3 nucleoside reverse transcriptase inhibitors (NRTI) plus one non-nucleoside reverse transcriptase inhibitor (non-NRTI) and never received
treatment with protease inhibitors (PI); PI = current ART based on 2–3 NRTI plus an enhanced PI; SDU = standard drink unit per week; BMI = body mass index;
WHR = waist-hip-ratio; WL = waistline; ED = erectile dysfunction; AMS = Aging Male’s Symptoms Scale; ADAM = Androgen Deficiency in Aging Men; NA = not
applicable; HIV = human immunodeficiency virus; IIEF = International Index of Erectile Function.
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Usefulness of TT, FT (RIA) in its Diagnosis
The TT concentration was 12.5 � 3.1 nmol/L
(3.6 � 0.97 ng/mL) in patients with hypogo-
nadism versus 18.4 � 4.5 nmol/L (5.3 � 1.3 ng/
mL) in the eugonadal subpopulation (P < 0.001). A
TT concentration below the normal range for our
reference laboratory was found in only three of the
patients with hypogonadism (Table 3). The
measured FT concentration was 0.034 �
0.009 nmol/L (9.7 � 2.71 pg/mL) in patients
with hypogonadism vs. 0.049 � 0.013 nmol/L
(14.2 � 3.7 pg/mL) in the eugonadal subpopula-
tion (P < 0.001). Although the determination
of plasma FT showed a correlation P = 0.65
(P < 0.001) with the CFT, it only identified four of
the 12 patients with hypogonadism.

Usefulness of Questionnaires for the Diagnosis
of Hypogonadism
Sensitivity and specificity of ADAM and AMS for
hypogonadism diagnosis using CFT as the gold

standard are presented in Table 3. The ADAM and
AMS questionnaires were consistent with hypogo-
nadism in 64% and 62.9% of the subjects,
respectively. Questionnaires showed a specificity
less than 38% for hypogonadism diagnosis defined
by a CFT <0.22 nmol/L.

ED
All the patients with hypogonadism suffered from
ED as opposed to 46.1% of the eugonadal patients
(relative risk 2.2, P < 0.01). Otherwise, 25.5% of
the patients with ED had hypogonadism, whereas
all the population without ED was eugonadal.

Discussion

Hypogonadism is common in HIV-infected males,
with a prevalence of 13.3% in our population.
These data are similar to those previously reported
[1–3], even that hypogonadism diagnostic criteria
are not homogeneous and do not include CFT as
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CDC   C

Total duration ART (12 months)

Cumulativeduration on PI (12 months)

Cumulativeduration on non-NRTIs (12 months)

CD4+ nadir count (cel/mcl)

CD4+ count (cel/mcl)

0.9

6.9

13.1
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0.7

1.1

0.9

OR 95% CI

6.9 1.9-24.8

13.1 1.3-130.6
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0.7 0.4-1.2

1.1 0.7-1.6

0.9 0.6-1.5

0.9 0.97-1

0.9 0.9-10.9

Risk factors associated with hypogonadism in the
logistic regression multivariate analysis.

Figure 1 Risk factors associated with hypogonadism in the logistic regression multivariate analysis. OR = odds ratio (error
bars are 95% confidence interval [CI]); non-NRTI = no nucleoside reverse transcriptase inhibitors; PI = protease inhibitors.

Table 3 Usefulness of TT, FT (RIA) and hypogonadism questionnaires in the diagnosis of hypogonadism in HIV-infected
male

Sensitivity Specificity NPV PPV R(+) R (-) Diag. OR

TT 25.0% 100% 89.6% 100% Infinite 0.75 Infinite
FT(RIA) 33.3% 96.2% 90.4% 57.1% 8.76 0.69 12.7
ADAM 75.0% 37.7% 90.6% 15.8% 1.2 0.66 1.8
AMS 66.7% 37.7% 87.9% 14.3% 1.07 0.88 1.2

Calculated free testosterone (CFT) <0.22 nmol/L (6.36 ng/dL) used as the reference for diagnosis of hypogonadism.
NPV = negative predictive value; PPV = positive predictive value; R(+) = positive likelihood ratio; R(-) = negative likelihood ratio; Diag. OR = diagnostic likelihood
ratio; TT = diagnosis of hypogonadism as total testosterone <10.4 nmol/L (3 ng/mL); FT (RIA) = diagnosis of hypogonadism as measured free testosterone
<0.031 nmol/L (9 pg/mL); ADAM = Androgen Deficiency in Aging Men Questionnaire with positive result; AMS = Aging Male’s Symptoms Scale with positive result;
HIV = human immunodeficiency virus.
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the gold standard in this population [5,16]. Char-
acteristics of our population, with HIV infection
males with stable clinical condition, with less than
20% were in clinical stage C, more than 70% had an
undetectable viral load, and only two patients had a
CD4+ count below 200 cells/mm3, could explain
why the prevalence of hypogonadism in our popu-
lation, using a more sensitive test (CFT), was
similar than in other reported HIV cohorts with
most advanced clinical situation, but where it is
used much less sensitive methods of determination
of testosterone as a diagnostic key of hypogonadism.
According to our findings, neither TT nor FT deter-
mined by direct techniques (RIA) are good surrogate
markers of FT in HIV-infected males compared
with CFT. TT and FT (RIA) could not identify
more than 30% of the patients with hypogonadism,
which makes them useless as screening tests for
hypogonadism in this population.

In the general population, the most widely
accepted parameters to establish the presence of
hypogonadism is the measurement of serum TT.
There are no generally accepted lower limits of
normal. A recent consensus among the major soci-
eties of andrology and urology in the field suggests
that TT level above 12 nmol/L (3.5 ng/mL) does
not require substitution and levels below 8 nmol/L
(2.3 ng/mL) will usually benefit from testosterone
treatment [24]. If the serum TT level is between 8
and 12 nmol/L, or in diseases in which the high
concentration of SHBG induces an increase in TT
values that can lead to underestimation of hypogo-
nadism, repeating the measurement of TT with
SHBG to calculate FT or FT by equilibrium dialy-
sis may be helpful; in these cases, a FT level below
0.225 nmol/L (6.5 ng/dL) can provide supportive
evidence for testosterone treatment [24]. Despite
the fact that the Endocrine Society reports the exist-
ence of different lower limits of the normal range in
healthy young men in several reference laboratories
(TT, 10.4 nmol/L [3 ng/mL]; FT, 0.17 nmol/L
[5 ng/dL]) [5], both consensus are in agreement
given that there are known variations among assay
methods; it is imperative that the practitioners
utilize reliable laboratories and are acquainted with
the rrs for TT and FT (CFT or by equilibrium
dialysis) from their local laboratory [5,24].

Our study identified age and time of HIV infec-
tion as the only predictors of hypogonadism. The
association between age and hypogonadism is well
known in the general population and has also been
identified as a risk factor for hypogonadism in
HIV-infected males [1]. The production of test-
osterone decreases by 1% per year [4,25]. Accord-

ing to the Massachusetts Male Aging Study [4],
this decrease is accompanied by an annual increase
of around 1.2% in SHBG. This increase in SHBG
appears to accelerate in HIV-infected males and
with an increase of over 50% in their SHBG con-
centrations over the expected for their age. This
means that TT decreases with age to a lesser
extent than is shown by the FT and BT concen-
trations and does not result in a reduction of tes-
ticular secretory function [26,27]. Quantification
of CFT as an indirect approximation to bioactive
testosterone eliminates the bias produced by the
rise in SHBG. In our study, the difference found in
SHBG level among HIV-infected males and the
reference population of eugonadal healthy men
(39 nmol/L and 27 nmol/L, respectively) support
this highest annual increase in SHBG levels in
HIV-infected patients. Although there were differ-
ences in the mean age and age distribution
between the two groups compared (HIV-infected
males vs. non-infected healthy males), the rise of
SHBG associated with age [4] does not justify this
large difference, and supports the use of the CFT
in this population.

The absence conditions associated to HIV
infection in the patients studied, as opportunistic
infections or malnutrition, suggest that other
factors, like an excess of cytokines (alpha tumoral
necrosis factor [TNF-a], interleukin 1 [IL-1],
interleukin 6 [IL-6]) affecting testicular steroido-
genesis, interfering in the gonadotropin releasing
hormone secretion, FSH/LH, or in its peripheral
action, are involved in the pathogenesis of hypogo-
nadism in HIV infection [8,28,29].

The design of our study makes it possible to
interpret the effect of ART and limits possible
confounding factors. The type of ART and dura-
tion of exposure are not associated with hypogo-
nadism. Although the patients with hypogonadism
were exposed for a longer period to lopinavir and
ritonavir—as an enhancer—exposure to any anti-
retroviral was not associated with an increased risk
of hypogonadism. These findings suggest that
ART does not play a direct role on the etiopatho-
genesis of hypogonadism [1–3,30].

The ADAM and AMS self-evaluation screening
questionnaires were positive in more than 60% of
the population studied, but with a very low speci-
ficity (<38%) and positive predictive value (<16%)
for hypogonadism by CFT. The low specificity of
these questionnaires is well known in general popu-
lation, and similar findings have reported in HIV-
infected males [1], and exclude them as screening
tests for hypogonadism in this population.
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The prevalence of ED in HIV-infected males is
greater than in the general population and its
pathogenesis is not clear; 53.4% of our patients
presented ED, which is similar to the data
obtained using the IIEF questionnaire [1,31]. The
prevalence of androgenic insufficiency in the
general population with ED is estimated to vary
between 5% and 35% [32,33]. In our population,
all the patients with hypogonadism presented ED,
and in a quarter of the patients with ED, it was
associated with hypogonadism. Given the preva-
lence of hypogonadism in HIV-infected males, the
role of androgens in erectile physiology [34–36],
and the results obtained in our study, it seems
necessary to rule out androgenic insufficiency in
all HIV-infected males with ED [8,17].

Hypogonadism, ED, insulin resistance, and
metabolic syndrome often coexist in the same sub-
jects. This cluster of abnormalities is associated
with an increased risk of diabetes and cardiovascu-
lar diseases, affecting not only quality of life but
also life expectancy [13]. Theoretically, since these
alterations are pathogenetically linked though
bidirectional relationships, testosterone replace-
ment therapy should be able to induce a reduction
of insulin resistance besides the improvement of
sexual function [13]. This therapy could be ben-
eficial if started at the early stages of atherogenesis,
but their effects are lost in the context of an
advanced atherosclerotic disease [37].

Our study has some limitations. The size of the
sample is not large, although a detailed record of
the patients’ medical history and pharmacological
treatment was available. There was no control
group; however, many data in the literature on the
general population are available which allows us to
draw conclusions. A major concern in our study is
the absence of validation of CFT compared to the
AFTC determinate by equilibrium dialysis in HIV
patients; however, CFT levels and AFTC were
almost identical in sera of non-HIV populations
with SHBG capacities varying from low to
extremely high as in hyperthyroidism [15,38],
mimicking the high concentration of SHBG
present in sera of HIV-infected males, validating
our findings. Ours was a cross-sectional study;
prospective studies may be useful to examine the
incidence of hypogonadism and establish the tem-
poral risk factors.

Conclusions

Hypogonadism is common in HIV-infected males.
Early diagnosis of hypogonadism and substitutive

hormonal therapy started early on are important
due to the impact of this disorder on quality of life,
the greater risk of depression, ED, and the possible
repercussions on the patient’s future cardiovascu-
lar health. To the best of our knowledge, this is the
first study in HIV-infected males that uses CFT to
diagnose hypogonadism in this population and
confirms that TT and FT (RIA) are not useful in
this population. Age and duration of HIV infec-
tion are the only predictors of hypogonadism in
this population. The absence of other clinical
markers associated with hypogonadism and the
prevalence of hypogonadism in initial stages justify
early routine screening of hypogonadism in HIV-
infected males using CFT.
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