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Hypogonadism is a common complication among HIV infected patients. The prevalence of hypogonadism is
30 to 50% in HIV infected men with wasting syndrome and 20 to 25% in those without wasting syndrome. HIV infection
affects the entire hypothalamus-pituitary-gonadal axis via both direct and indirect effects, which are defined in four categories,
1) direct effect of HIV particles, 2) opportunistic infections, 3) HIV-related malignancy and its treatment, and 4) medications
that are used for HIV infection or its opportunistic infection. The association between HIV infection, hypogonadism, and
cardiovascular diseases has yet to be determined; however, there are data that HIV infection and its treatment, particularly
protease inhibitors, worsened the metabolic profiles, which were surrogate markers of cardiovascular diseases. Considerably
more attention should be paid to the diagnosis of hypogonadism in this group particularly because HIV infection increases
both sex hormone-binding globulin and total testosterone level. Testosterone replacement shows benefits on mood, body

composition, and seems to benefit the metabolic profile in HIV infected men with low body mass index.
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Hypogonadism is a clinical condition
characterized by low serum testosterone levels
occurring in association with any of the signs and
symptoms including sexual dysfunction, weight and
muscle mass loss, fatigue, depressed mood, and
anemia?, General symptoms of hypogonadism are
briefly listed in Table 1.

Among HIV infected patients, hypogonadism
is also associated with low lean muscle mass, sexual
dysfunction, and depression“”. Hypogonadism seems
to be common among HIV infected men; however, the
prevalence of hypogonadism in this patient group has
not been determined. It is quite difficult to diagnose
hypogonadism in men because the symptoms are
non-specific and the classical clinical signs of
hypogonadism (testicular atrophy, abnormal patterns
of hair growth, and gynecomastia) may be absent®.
Some questionnaires (ADAM, AMS, and MMAS) have
been developed to detect hypogonadism in men, but
there are no questionnaires that have good specificity
in the diagnosis of this condition®. Moreover, the
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total testosterone level that is used for the diagnosis
of hypogonadism has many limitations and lacks
standardization particularly among HIV infected
patients. Testosterone deficiency has some associations
with cardiovascular diseases as a marker of chronic
illness®. Testosterone replacement in testosterone
deficient men shows benefit mostly on the body
composition and some metabolic profiles. A recent
retrospective study showed its benefit on survival(?,
However, there is lack of data of its benefit on the
metabolic profile or survival of HIV men.

This article reviewed the prevalence,
pathogenesis, association to cardiovascular disease,
diagnosis, and benefits of testosterone replacement of
hypogonadism in HIV infected men.

Prevalence

Before the highly active antiretroviral therapy
(HAART) era, the prevalence of hypogonadism ranged
from 30% to 50% in men who had HIV and the wasting
syndrome1?, After the initiation of HAART, there
has been a marked decrease in advanced AIDS and
the wasting syndrome. However, the prevalence of
hypogonadism in post-HAART era is still as high as
20% to 25% in HIV infected men being treated for
wasting syndrome'®). The prevalence of hypogonadism
in HIV infected patients is higher in all age-groups
particularly in younger ages compared to the general
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Table 1. Clinical manifestations of testosterone deficiency*

Physical Psychological

Sexual

* Decreased BMD * Depressed mood
* Decreased muscle mass and strength
* Increased body fat or BMI

» Gynecomastia

* Anemia

* Frailty

* Fatigue

« Diminished energy, sense of vitality, or well-being

* Impaired cognition and memory

¢ Diminished libido

* Erectile dysfunction

* Difficulty achieving orgasm
* Decreased morning erection

* Decreased performance

BMD = bone mineral density; BMI = body mass index
* Adopted from reference®

population and the prevalence of hypogonadism in
the HIV infected patients increased with older age'.
However, the true prevalence of hypogonadism in HIV
infected patients is not yet well-defined because of
differences of cut-off values of serum testosterone and
in different age ranges. Moreover, there were many
limitations in the previous studies on testosterone
deficiency in HIV infected men including a lack of
information on gonadotropins, the small number of
enrolled subjects, a possibility of inappropriate blood
sampling, a possibility of inaccurate measurement of
free testosterone alone by inaccurate assays and the
retrospective design of the studies.

The prevalence of hypogonadism in HIV
infected patients in the pre- and post-HAART eras was
illustrated in Fig. 1.

Pathogenesis of hypogonadism in HIV infected
patients

There were many studies from animal models
and human studies that tried to find relationships
between an HIV infection and the low testosterone
stage in HIV infected patients. Many mechanisms
possibly affected are the testicular function and
hypothalamus-pituitary-gonadal axis (HPG). An
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Fig. 1

Prevalence of hypogonadism in HIV infected
patients in the pre- and post-HAART era®:!21416¢-19),
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overview of the pathogenesis of hypogonadism in HIV
infected patients was illustrated in Fig. 2.
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Pathogenesis of hypogonadism in HIV infected
patients. An HIV infection with opportunistic
infections including toxoplasmosis, cytomegalo-
virus, Mycobacterium avium complex, and HIV-
related malignancy affects both testes and the
anterior pituitary gland and leads to dysfunction
of both organs. The inflammatory process and
cytokines suppress anterior pituitary function.
Malnutrition and weight loss suppress hypothalamus
function. Ketoconazole has an inhibitory effect on
steroidogenesis by inhibiting the cytochrome P450
system. Protease inhibitors increase aromatizing
of testosterone to estradiol which in turn has
negative feedback to both the anterior pituitary and
hypothalamus. In the HIV-infection, there is a
shunting effect to produce cortisol rather than sex
hormone. HIV: human immunodeficiency virus,
CMV: cytomegalovirus, MAC: Mycobacterium
avium complex, TNF: tumor necrotic factor,
IL-: interleukin, FSH: follicle stimulating hormone,
LH: lutenizing hormone, GnRH: gonadotropin
releasing hormone, Pls: protease inhibitors.
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HIV and testicular dysfunction

The causes of testicular dysfunction in HIV
infected patients are divided into four categories: 1) a
direct effect of HIV particles, 2) infections, usually
with mixed opportunistic pathogens, 3) HIV-related
malignancy and its treatment, and 4) medications that
are used for HIV infection or its opportunistic infection.

The testis is a reservoir for the HIV virus
because its protective mechanism protects the virus
from antiretroviral agents®”. The affected cells
susceptible to HIV infection are testicular T
lymphocytes, macrophages®*?®, and the testicular
germ cells®¥. Although spermatozoa have no CD4
receptor for HIV, there are many alternative receptors
for a virus that have been described in a review
elsewhere®. The transient increase in testosterone
level without any significant modifications of the
luteinizing hormone (LH) was reported in the early
phase of infection from both animal models and
observational human studies®>*?®. The testosterone
level will decrease at the late phase of the infection!%17:29),
Some studies reported the low serum testosterone
levels in men with AIDS, in some cases associated with
high serum LH and follicle stimulating hormone (FSH)
levels which implied that there was primary testicular
failure®39, From the autopsy studies revealed
histological changes in the testes, which were common
in patients who died from AIDS. Common findings at
autopsy include hypospermatogenesis with Sertoli cells
predominantly line the tubules®!*?, maturation arrest
of spermatogenesis, thickened basement membrane,
tubular hyalinization, and decreased number of
Leydig cells and interstitial infiltrate@”2%31:3336_ Al of
these findings may contribute to the low testosterone
level in HIV infected patients.

Much evidence has demonstrated HIV
particles in the male genital organs. Da Silva et al
reported on the histological sections of the testes
and prostate that were stained with an anti-HIV P17
monoclonal antibody®”. HIV protein expression was
demonstrated in the lymphocytes of the seminiferous
tubules and interstitium of the testes in nine of
23 patients studied by Pudney and Anderson®®.
Additionally, a study using PCR in situ hybridization,
showed HIV DNA selectively infecting the
spermatogonia in the testes of 11 of 12 HIV infected
men®?. In addition to the HIV particle itself, in AIDS,
the testicular damage may be occurred by opportunistic
infections, which included cytomegalovirus,
toxoplasmosis, and the Mycobacterium avium
complex*3149_In the pre-HAART era, the testicular
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dysfunction in AIDS patients was also affected by
HIV-related malignancies, which most frequently
were Kaposi’s sarcoma, lymphoma, and its treatment.

Medications that are used for HIV infection
or opportunistic infections also affect testicular
function. Ketoconazole is an inhibitor of the
cytochrome P450 system at various levels and results
in a decrease of testicular steroidogenesis“?. HIV
infected patients who took antiretroviral drugs had
higher level of estradiol, which in turn had negative
feedback on the HPG axis and higher prevalence of
the lack of sexual desire“?.

Hypothalamus and pituitary dysfunction in
the HIV infected patients

Early studies on hypogonadism among
HIV infected patients during the 1980s, autopsies
revealed a direct infection of HIV virus particles in
the anterior pituitary tissue®®. Moreover, other
opportunistic infections including cytomegalovirus,
Pneumocystis carinii, and toxoplasmosis were also
reported from autopsy studies!27:33:4344),

Acute and chronic illnesses are well-known
as causes of secondary hypogonadism. In HIV
infected patients, some factors affect the HPG axis
include weight loss and catabolic cytokines“. In
response to starvation, the leptin level falls rapidly and
this response suppresses luteinizing hormone pulsation
and decreases the testosterone level“®. Interleukin-1f3
(IL-1pB) at high levels inhibits the binding of LH to
Leydig cells and blocks testicular steroidogenesis.
Tumor necrotic factor-o. (TNF-a) affects the central
process and at the level of the gonads which results in
low serum testosterone®®”.

The interplay among HIV infection, testosterone
deficiency, and cardiovascular diseases

It is well-known that metabolic syndrome
(MetS) is associated with a significant cardiovascular
risk®”. In addition, an association between the
androgen deficiency and metabolic disorders including
hypertension, dyslipidemia, diabetes, obesity, and
asthma/COPD has been observed“®. Many small
population-based prospective cohorts have reported a
lower total testosterone and lower sex hormone-binding
globulin (SHBG) associated with the development of
MetS“#-5D and diabetes mellitus®'? in middle-aged to
elderly men. A systematic review reported that men
who had higher testosterone levels (RR 0.58, 0.39 to
0.87) or SHBG level (RR 0.48, 0.34 to 0.69) compared
to lower testosterone or SHBG levels had a lower risk
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in development of type 2 diabetes®®. Two meta-
analytic studies on endogenous testosterone level
mortality have reported the same conclusion that
the lower testosterone levels were associated with
increased risk of all causes and cardiovascular
disease (CVD) mortality but not CVD incidence®*.
However, there is significant heterogeneity across
studies limiting the validity of these data. One plausible
conclusion may be that low testosterone is simply a
marker of poor general health status.

An HIV infection is associated with a lower
testosterone level as mentioned early. Moreover, an
HIV infection itself is one of the CVD risk factors
other than traditional risk factors. After initiation of
anti-retroviral therapy, survival from the HIV infection
has dramatically improved, and because of this longer
life expectancy, cardiovascular mortality among HIV
infected patients can be observed. Moreover, premature
atherosclerosis involving coronary, peripheral, and
cerebral arteries has been observed in young HIV
infected adults and children without traditional
coronary risk factors®®. One retrospective analysis
suggested that the risk of cardiovascular disease may
be greater in younger (18-34 years old) HIV infected
patients and exposure to antiretroviral therapy may
contribute to the incidence of the coronary heart
diseases (CHD) among younger individuals with
HIV when certain comorbidities have been adjusted®?.
There was also an epidemiological study that reported
an increased incidence of ischemic stroke in patients
with HIV infection®®59,

From the largest prospective study, the Data
Collection on Adverse Events of Anti-HIV Drugs
(DAD) that enrolled 23,468 participants, most
subjects were thin middle-aged male patients with
low cardiovascular risk factors. The median duration
of HIV-1 infection was 3.5 years and the median
cumulative exposure to combination antiretroviral
therapy was 1.9 years. The primary endpoint was
the incidence of myocardial infarction. Of the
23,468 participants, 126 (0.5%) had the first myocardial
infarction during follow-up (incidence = 3.5 events per
1,000 persons per year) and the incidence of myocardial
infarction increased with increasing exposure to
HAART with the demographic risk adjusted relative
rate equal to 1.26 (95% CI 1.12 to 1.41) per additional
year of exposure to HAART®?. To collect adequate
myocardial infarction event rates to determine an
effect of the class of antiretroviral drugs on the
incidence of myocardial infarction, a follow-up study
was conducted with a median follow-up of 4.5 years

1048

per patient and 345 events (incidence = 3.65 per
1,000 person-years). The author concluded that
exposure to protease inhibitors (RR 1.16, 95% CI
1.10 to 1.23) was associated with an increased risk of
myocardial infarction which was partly explained by
dyslipidemia but not to the exposure to non-nucleoside
reverse-transcriptase inhibitors (NNRTIs) (RR 1.05,
95% C10.98 to 1.13)@D,

The mechanisms of vascular diseases in HIV
infected patients are unknown but may relate to
inflammatory cytokines and other adhesive molecules,
endothelial dysfunction induced by the HIV infection
and protease inhibitors, metabolic disturbances from
HAART and other traditional cardiovascular risk
factors®®. HAART causes some metabolic disorders
including lipodystrophy, dyslipidemia, insulin
resistance, and hyperglycemia, which contribute to
other cardiovascular risks®.

The association between testosterone and
cardiovascular disease does not yet demonstrate
cause and effect, but testosterone deficiency would be
arather poor marker for cardiovascular disease because
they share the same common factors (dyslipidemia,
hyperglycemia, and insulin resistance). Therefore,
testosterone deficiency may be a predictor for poor
patient status which leads to a poor cardiovascular
outcome. Furthermore, an HIV infection will deteriorate
the testosterone level and metabolic profile, which will
increase the risk for cardiovascular disease.

The interplay among HIV infection,
testosterone deficiency, and cardiovascular diseases
was illustrated in Fig. 3.

Diagnosis

The diagnosis of hypogonadism is based on
symptoms, signs, and biochemical evidence. However
there are no persistent criteria for a diagnosis that are
dependent on a clinical guideline.

The diagnosis of testosterone deficiency
among HIV infected patients is based on the same
recommendation as the general population. In the
present review, the author used the criteria for
diagnosis based on the 2006 Endocrine Society Clinical
Practice Guideline, which is summarized below®?.

1.The patients should have consistent
symptoms and signs.

2.Use morning total testosterone level by
a reliable assay at least two times apart.

3. If the total testosterone level was equivocal
or there were alterations of SHBG, use the free or
bioavailable testosterone level.
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Fig.3  Interplay among HIV infection, testosterone
deficiency and cardiovascular diseases. The
cardiovascular diseases are considered to be
caused by vascular endothelial dysfunction.
Many metabolic disorders including obesity,
hypertension, dyslipidemia, and diabetes mellitus
are well-known risk factors of cardiovascular
diseases and are associated with the androgen
deficiency. The androgen deficiency may worsen
metabolic disorders which may increase risk of
the cardiovascular diseases. HIV infection may be
arisk factor of the cardiovascular diseases through
3 mechanisms, 1) decreasing the testosterone level,
2) worsening insulin resistance which is a side-
effect from ARVs, and 3) HIV particles directly
damage endothelial cells.

4.For the cut-off level of testosterone, use
the lower limit of the normal testosterone range
established in our reference laboratory. In area that has
no normal reference range for total testosterone and
free testosterone, the recommended lower limit of total
testosterone and free testosterone are 280-300 ng/dl
and 50-90 pg/ml, respectively.

5.The evaluation of androgen deficiency
should not be made during an acute or subacute illness.

To apply this guideline to diagnose androgen
insufficiency among HIV infected patients, some
limitations should be noted.

1. HIV infected patients may manifest some
less specific symptoms and signs of testosterone
deficiency by the disease itself.

2.The HIV disease increases the SHBG
level®® that affects the total testosterone level.
However, an equilibrium dialysis for free testosterone
level measurement is usually available only in large
laboratory centers.

3.The HIV infected patient may have some
comorbidities and drug interference.

One study that reported the use of total
testosterone by radioimmunoassay presented a
sensitivity of less than 30% in the diagnosis of
hypogonadism among 90 HIV infected males® whilst
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another study reported that using criteria of total
testosterone lower than 300 ng/dl and free testosterone
lower than 50 pg/ml diagnosed hypogonadism in
HIV infected men only 24% and 19%, respectively and
threshold for diagnosing hypogonadism using free
testosterone lower than 100 pg/ml and the presence of
one or more hypogonadal symptom increased yield
for diagnosis to 64%©7,

Therefore, the diagnosis of testosterone
deficiency among HIV infected patients is challenging
and one should interpret with care. In case of suspected
hypogonadotropic hypogonadism, more information
including a neurological examination, other pituitary
hormone assays or imaging studies may be considered
to exclude hypothalamic-pituitary lesion.

Benefits of testosterone replacement therapy (TRT)

In the non-HIV infected population

The benefits of TRT in men with a low
testosterone level are usually involved with body
composition including increase fat-free mass, decrease
fat mass, increased muscle strength, and increase bone
mineral density. Moreover, TRT also has positive
effects on the mood and senses of sexual well-being
(but not erectile function)*®. Data on the effects of
testosterone therapy on lipid profiles are inconsistent
but there is a tendency to reduce the total cholesterol,
HDL, and LDL levels in low-normal or normal
testosterone level patients©6%,

The effect of TRT on insulin resistance has
been studied in a 12-month, prospective randomized-
controlled trial that enrolled 220 hypogonadal men
with type 2 diabetes and/or MetS7?. From this study,
TRT reduced HOMA-IR by 15.2% (95% CI 3 to 26,
p=0.018) compared with placebo at six months. There
were no significant differences between treatments in
HbA Ic, fasting plasma glucose (FPG), fasting serum
insulin, or HOMA-B. Some explanations of why there
were no significant differences in HbAlc, FPG, and
fasting serum insulin might be concomitant medications
including oral antidiabetic drugs were allowed, which
might have overshadowed the effect of TRT. Further,
the size of the population may have inadequate power
to detect the differences and the 6-month duration may
have been too short. TRT basically increases fat-free
masses which in turn improves insulin resistance
(HOMA-IR) but not insulin secretion (HOMA-B).

Up until now, the benefit of testosterone
therapy on cardiovascular outcome is still inconclusive.
A result from a meta-analysis®® which studied the
effect of testosterone therapy on cardiovascular
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outcome in patients with a low or low-normal
testosterone level concluded that the odds ratio between
testosterone therapy and any cardiovascular event,
cardiovascular death, fatal and nonfatal myocardial
infarction and other cardiovascular events (e.g., angina,
arrhythmia, revascularization procedures, stroke)
pooled across trials was 1.82 (95% CI 0.78 to 4.23).
However, it should be noted that there were many
limitations in interpreting the data.

1. There was heterogeneity of population
across each trial.

2. The low testosterone level cut-offs in each
trial were different.

3. The routes of administration in each trial
were different.

4.Four out of six studies used short-term
testosterone therapy (3-26 weeks). Only two out
of six studies reported a median time used for
testosterone therapy of three years.

Another meta-analysis, including six
randomized clinical studies which enrolled 258 patients
with coronary heart diseases with a mean follow-up of
23 weeks reported that TRT significantly increased
the treadmill test duration and time to decrease the
ST-segment depression by 1 mm which reflected an
increased exercise capacity of the patients, (difference
in mean = 57.40 seconds, 9.90-104.90)¢%.

The effect of TRT on mortality rate has
been reported in an observational study that enrolled
1,031 male veterans with low testosterone level with
a mean age of approximately 60 years old and a
40.5-month average follow-up time. The study reported
improved survival from TRT (hazard ratio 0.47, 95% CI
0.29t0 0.76)19. Because it was an observational study,
the residual confounding may still be a source of
bias, so large randomized clinical trials are needed to
confirm the effect of TRT on the mortality rate.

In conclusion, TRT has benefits on body
composition, muscle strength, bone mass density, and
sexual well-being and it may have benefits on insulin
resistance, cardiovascular outcome, and survival.

In HIV infected population

Data of TRT among HIV infected patients
are scarce and limited. Most of the studies using TRT
in HIV participants involved 1) HIV infected patients
with weight loss (>5%), 2) short-term treatment
duration (12-24 weeks), 3) small sample sizes in
each study, 4) lean-body mass, total body weight
and death that were usually the primary outcomes, and
5) significant heterogeneities across the trials. The
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effect of TRT on body composition showed small
improvements in lean-body mass and total body
weight. The average change in lean body mass was
1.3 kg (95% CI, 0.6 to 2.0), while the average change
in total body weight was 1.1 kg (95% CI, 0.3 to 2.0).
There was particular improvement of lean body
mass and body weight in male participants with
borderline gonadal status when TRT was used with
supraphysiological doses and intramuscular route
of administration. There were no differences on the
adverse or death outcomes. These results suggest that
TRT may be useful to improve lean body mass and
body weight in the treatment of HIV infected patients
with weight loss, however, because of the limitations,
treatment recommendations cannot be established”V.

The effect of TRT on depressive mood in
HIV infected patients regardless of gonadal status in a
meta-analysis that compared the effect of short-term
TRT and placebo on 248 participants with HIV/AIDS,
better depression score was observed in the treatment
group (OR 0.41,95% C10.24 t0 0.69)". The TRT may
also improve sexual function, sexual desire, and energy
among HIV infected men with low or borderline
testosterone level 7%,

The effects of TRT on insulin resistance, lipid
profile, or cardiovascular outcome in HIV infected
men are still unknown. There was only one study tried
to demonstrate the effects of testosterone gel 10 g
daily on whole body and visceral fat mass, insulin
resistance, and lipid profile in HIV infected men with
abdominal obesity and low testosterone level. The
author concluded that using testosterone gel 10 g/day
for 24 weeks was associated with greater decrease in
whole body, total, and subcutaneous abdominal fat
mass and a greater increase in lean mass compared to
placebo, but the effect on visceral fat mass was not
different between groups. There were no differences
of'total cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, and HOMA-IR
index between groups.

In conclusion, TRT has small positive
effect on body composition in HIV infected patient
with weight loss and low or borderline testosterone
level. TRT also improves depressive mood in HIV
infected patient. There is lack of evidence of TRT
on cardiovascular outcome or surrogate markers of
cardiovascular diseases. To use TRT in HIV-infected
men with low testosterone at our center, we consider
TRT in HIV infected patients who have low testosterone
level, low BMI and in particular multiple cardiovascular
risk factors to improve body composition, quality of
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life, and possibly improve metabolic profiles of the
patients.

Conclusion

Hypogonadism is more common and
occurs earlier in HIV infected patients than in the
general population; however, the definite criteria for
diagnosis are not yet determined. The pathogenesis of
hypogonadism from HIV infection involves the entire
HPG axis. A low testosterone level is associated with
many metabolic disorders and increased mortality,
which has been determined as a marker for health
status. HIV infection and its treatment contribute risks
for hypogonadism and cardiovascular diseases. Data
on the benefits of TRT among HIV infected patients
are scarce. However, if the data on TRT from the
general population is presumed to be applicable, TRT
should have benefits for the HIV infected patients as
well.

What is already known on this topic?

The prevalence of hypogonadism among HIV
infected patients is higher than general population.
Testosterone deficiency associates with development
of metabolic syndrome and diabetes mellitus, which
are cardiovascular risk factors. HIV infection and
HAART are also direct cardiovascular risk factors.
TRT can improve body composition, muscle strength,
bone density, mood, and senses of sexual well-being.
It may improve insulin resistance and glycemic but
the improvement on cardiovascular outcome is still
inconclusive.

What this review adds?

* The pathogenesis of hypogonadism in HIV
infected patients involves entire hypothalamus-
pituitary-gonadal axis.

* The challenge on diagnosis of testosterone
deficiency among HIV infected patients.

* Interrelationship among HIV infection,
testosterone deficiency, and cardiovascular risk factors.

* Benefits of TRT in treatment of HIV-infected
men with low or borderline testosterone.
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