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3.1 Introduction

The two main functions of the testis are the production of testosterone (T) and sper-
matogenesis. The endocrine regulation of these activities occurs along the
hypothalamic-pituitary-testicular (HPT) axis (Fig. 3.1), where the key role is played
by the two gonadotropic hormones produced by the anterior pituitary gland — lutein-
izing hormone (LH) and follicle-stimulating hormone (FSH) [23, 43]. The secretion
of LH and FSH is stimulated by the hypothalamic gonadotropin-releasing hormone
(GnRH), which is under negative feedback control via sex steroids [19]. GnRH
neurons do not respond directly to androgen (T) and estrogen (estradiol) feedback,
but mainly regulate GnRH release by inhibiting the production of kisspeptin, a
proximal hypothalamic peptide hormone with stimulatory action on GnRH synthe-
sis [42]. The negative feedback regulation of FSH additionally occurs at the level of
the pituitary gland through action of the testicular peptide hormone inhibin B.
Balanced function (homeostasis) of the HPT axis, whereby gonadotropins main-
tain the physiological levels of testicular androgen production and spermatogenesis,
and testicular hormones feed back to the hypothalamic-pituitary level to maintain
the required gonadotropin stimulus, are the hallmark of male eugonadism. T defi-
ciency, the pathognomonic finding in male hypogonadism, can occur at any age
from the fetal period until old age. Hypogonadism can be primary or hypergonado-
tropic (PH), when the testis tissue is unable to produce sufficient amounts of T and/
or sperm despite sufficient gonadotropin simulation. In this case, the lack of gonadal
negative feedback brings about elevated gonadotropin levels. The other form of
hypogonadism, termed secondary or hypogonadotropic (SH), is caused by low or
inappropriately normal (i.e., insufficient) gonadotropin secretion that is unable to
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Fig. 3.1 The hypothalamic-pituitary-testicular axis. Abbreviations: KNDy, kisspeptin, neurokinin
B, dynorphin; GnRH, gonadotropin-releasing hormone; R, receptor; LH, luteinizing hormone;
FSH, follicle-stimulating hormone

support testicular function. It can be caused by deficiency of the pituitary gonado-
trope cells to produce gonadotropins or by the lack of their hypothalamic stimula-
tion by GnRH and/or kisspeptin. Gonadotropin measurements therefore form an
essential part in the differential diagnosis between PH and SH.

Another way to classify hypogonadism is to divide it into organic (OH) and
functional (FH) hypogondism. OH is the classical form of hypogonadism caused
by a structural, functional, or genetic disturbance at one of the levels of the HPT
axis, often congenital and usually irreversible. FH, also historically termed late-
onset hypogonadism (LOH) or andropause, occurs usually in adulthood and is
often associated with comorbidities and/or old age. LOH can be considered a
misnomer because comorbidities (in particular obesity) are more important causes
for the condition than advanced age. As a general rule, T levels in FH are not as
profoundly reduced as they are in OH, and they may be reversible. Also, FH can
be primary or secondary, but often the patient has mixed features of both. In cases
of secondary FH, the etiology is more often a comorbidity (e.g., obesity), while
OH is more commonly due to primary hypothalamic or testicular dysgenesis
issues. Purely age-dependent hypogonadism is likely less common and typically
is due to primary testicular insufficiency [55]. Compensated or subclinical hypo-
gonadism (CH), wherein gonadotropin levels are elevated in the setting of normal
T, is less well defined and may occur with either OH or FH and may represent a
precursor condition of hypogonadism in some cases [12, 45].
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The purpose of this review is to discuss the role of gonadotropins in the patho-
genesis, diagnosis, and treatment of different types of male FH.

3.2 Gonadotropin Measurements

3.2.1 Gonadotropin Assays

The sandwich-type immunometric methods currently used in clinical laborato-
ries have high specificity and sensitivity (down to 0.05-0.1 IU/L) for LH and
FSH, allowing reliable detection of the concentrations of male patients in most
physiological and pathophysiological situations [53]. The reference range for LH
in adult men is commonly reported between 1.5 and 8.5 TU/L, while FSH is
reported to be 1.5-12.5 TU/L. However, in the setting of infertility, lower thresh-
olds have been reported to indicate subfertility, including maximal FSH levels of
4.6-7.6 TU/L. Individual results should be interpreted against a reference range
established by regional laboratories in healthy men from a representative local
general population. Due to the pulsatile secretion and short half-life (20 min) of
circulating LH, multiple measurements, or pooling of 2-3 individual samples,
can be used to reduce sample-to-sample variability. In contrast, the half-life of
FSH is longer (3—4 h), and a single measurement of this hormone is usually
sufficient.

Gonadotropin assays used today in clinical laboratories are reliable with rare
technical problems. Heterophilic antibodies in patient serum can be a rare cause of
erroneously high gonadotropin levels [54]. There is a common genetic polymor-
phism of the LHB gene (W8R/I15T), with 10-20% allelic frequency in various
populations, giving rise to an immunological variant of LH that is not detected by
some immunometric assays, especially those using antibodies against the LH o/f
dimer [29]. An inappropriately low level of LH is found in carriers of the polymor-
phic gene, even though the bioactivity of the aberrant hormone is roughly normal.
Such an unexpected finding should be verified by another assay using a different
combination of antibodies. Inactivating mutations of gonadotropin subunit genes
and inactivating and activating mutation of gonadotropin receptor genes are
extremely rare causes of inappropriate gonadotropin levels, unlikely to be found in
men with FH.

3.2.2 Gonadotropin Bioactivity, Polymorphisms,
and Microheterogeneity

Older studies have reported that low gonadotropin levels (such as in hypogonado-
tropic hypogonadism) have a low ratio of bioactivity to immunoreactivity, as mea-
sured by in vitro bioassay and competitive immunoassay [44, 49]. It has more
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recently been established that such apparent bioimmuno ratio differences were due
to overestimation of low concentrations by older immunoassays [22, 27]. The
understanding now is that the quality of gonadotropins throughout the concentration
range occurring in men does not change, suggesting that the current immunometric
methods are functionally relevant. Admittedly, circulating gonadotropins display
microheterogeneity due to variations in the degree of glycosylation of individual
molecules [4], but the clinical relevance of this phenomenon is likely marginal.

There are several common polymorphisms in gonadotropin subunit and receptor
genes [7, 29, 37], which have been shown to influence the basal circulating levels of
gonadotropins. Determination of the polymorphisms may, therefore, help identify
one reason for an unexpected gonadotropin finding in hypogonadism. Alternatively,
a GnRH stimulation test may be performed to evaluate responsiveness of the HPT
axis [2].

3.2.3 Interpretation of the Findings

The first suspicion of hypogonadism is based on symptoms (and signs) and low
concentration of peripheral serum T. Due to significant day-to-day and diurnal vari-
ability in T levels, at least two tests should be obtained from fasting blood samples
within several hours of waking. If T levels are low, basal gonadotropin secretion
should be measured in the peripheral serum to differentiate between PH and
SH. Defining PH vs SH is clinically important, as it provides prognostic information
(i.e., reversible vs non-reversible), may lead to further diagnostic testing (i.e., pro-
lactin, pituitary MRI), and influences treatment options. In cases where fertility is
not relevant, LH measurement is usually sufficient without the need for
FSH. However, as FSH and LH are typically concordant, FSH may be ordered in
cases where the diagnosis of PH vs SH is unclear to provide further information
about pituitary activity.

Occasionally, GnRH stimulation testing may be useful to clarify indeterminate
findings, such as in men with normal LH and low T [2]. Following GnRH stimula-
tion, a low gonadotropin response suggests malfunction at the pituitary level,
whereas increases in gonadotropins and testosterone suggest impairment at the
hypothalamic level. Similarly, human chorionic gonadotropin (hCG) stimulation
can be used to assess the testicular steroidogenic capacity when primary hypogo-
nadism is suspected [2, 13]. Bang et al. [2] recently reported reference ranges for
gonadotropin and T responses following GnRH and hGG stimulation tests in healthy
men as well as in men with various forms of hypogonadism. Results obtained in
obese men with suspected FH demonstrated normal LH responses to GnRH stimu-
lation, suggesting that the low basal gonadotropin levels were more commonly sec-
ondary to inadequate hormonal release at the hypothalamic level [46]. A similar
finding of maintained pituitary responsiveness to GnRH has been reported in aging
men [39]. In contrast, hCG stimulation in obese men resulted in diminished T
response at the level of the testicle [2, 26, 40], possibly due to the negative influence
of adipose tissue-derived hormones on Leydig cell function. Interestingly, common
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polymorphisms of gonadotropin subunit and receptor genes have marginal effects
on gonadotropin concentrations and receptor activity, and thus do not influence the
results of GnRH or hCG stimulation tests [2].

3.3 Pathogenesis of Functional Hypogonadism (FH)

FH has been used to describe a milder form of hypogonadism which results from
chronic disease, stress, inadequate nutrition, obesity, and/or old age [17]. Unlike
OH, FH can often be transient and/or reversible, depending on the nature of the
etiology. FH should only be diagnosed after exclusion of OH and should not be
assumed based on age alone. For example, Klinefelter syndrome represents a com-
mon etiology for OH but may not be diagnosed until later in life [16].

FH can, in principle, occur at any age, although it may occur more commonly in
older men. In both children and adults, it may be caused by multiple systemic dis-
eases (see [3, 57]), with obesity, arguably, representing the most common etiology.
Although most studies have focused on low T in men with obesity, lesser attention
has been directed to the other part of testicular function, spermatogenesis. As will
be discussed below, suppressed spermatogenesis may also occur in a distinct sub-
group of men with FH. This condition may often go unnoticed in older men, as
fertility is often a lesser concern in this population.

Because of differing etiologies, clinical management and prognosis of primary
and secondary FH are often different. It is helpful to differentiate men into different
diagnostic categories according to their T and gonadotropin levels. Based on results
from 3119 community-dwelling men aged 40-79 years (EMAS study) [45], four
distinct categories were defined (Fig. 3.2): (1) normal T and LH (eugonadism —
76.7%), (2) low T and high LH (PH —2.0%), (3) low T and low-to-normal LH (SH —
11.8%), and (4) normal T and high LH (CH — 9.5%). It is noteworthy that when the
definition for hypogonadism included both abnormal levels and symptoms (i.e.,
sexual symptoms), the rates of hypogonadism declined significantly. It is important
to emphasize the need of gonadotropin measurements to define the diagnosis (see
also below), because, at least in the United States, only 12% of men with FH have
their LH and/or FSH measured before the initiation of T replacement therapy [33].
The distinction may also help contribute to the selection of therapy for men, particu-
larly among those desiring to maintain fertility.

3.3.1 Primary (Hypergonadotropic) Hypogonadism

Primary hypogonadism is diagnosed through both low T and usually elevated LH. In
most cases, FSH is more elevated than LH, and as such, it may be used as an adjunc-
tive test in cases where the diagnosis is in question [32]. Although PH is a common
etiology among the classical early-onset hypogonadism (OH), it may also occur in
older men, particularly among those with comorbid conditions [56].
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Fig. 3.2 Correlation of testosterone and LH levels in the EMAS population [45], a cohort of 3016
community-dwelling men in aged 40—79 years in eight European centers (UK, Sweden, Belgium,
Estonia, Poland, Hungary, Italy, and Spain). The vertical line corresponds to lower limit of normal
total T (10.5 nmol/l) and the horizontal line corresponds to upper limit of normal LH (9.4 U/l). The
population can be divided into eugonadal (T > 10.5 nmol/L; LH > 9.4 IU/L); primary hypogonadal
(T < 10.5 nmol/L; LH > 9.4 IU/L), secondary hypogonadal (T < 10.5 nmol/L; LH > 9.4 IU/L), and

men with compensatory hypogonadism (T > 10.5 nmol/L; LH > 9.4 IU/L). (Modified from Tajar
et al. [45])

In some cases of PH, a man may have normal T and LH but elevated FSH. This
situation may occur following radio- or chemotherapy, where spermatogenesis but
not steroidogenesis may be impaired, while in other cases, it may be idiopathic [15].

Multiple mechanisms are associated with elevated LH in aging independent of
comorbid states. They include age-related decreases of Leydig cell mass [34], tes-
ticular blood perfusion [41], and biochemical function [50], which are further exac-
erbated in conditions of poor health. Impaired testicular response to LH can also be
caused by elevated cytokine levels [20, 48] associated with low-grade inflammation
common in aging [18]. Primary testicular failure can also occur in connection with
alcohol abuse [8], renal disease [25], COPD [28], and malignancy [14].

3.3.2 Secondary (Hypogonadotropic) Hypogonadism

It is important to identify men with SH, because it may be caused by significant
pathologies, including pituitary or hypothalamic tumors, panhypopituitarism, or be
due to acute illness, medications (e.g., glucocorticoids or opioids), or obesity.
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Secondary hypogonadism is often reversible through treating comorbidities, chang-
ing offending medications, and optimizing lifestyle factors [6].

Obesity-related suppression of HPT function has several possible mechanisms,
including the pleiotropic inhibitory effects of adipocyte-produced adipokines, cyto-
kines, and chemokines on GnRH and gonadotropin secretion [47], as well as
obesity-related central insulin resistance [5, 36], which may negate the stimulatory
effect of insulin on gonadotropin secretion. One candidate peptide associated with
obesity-related HPT suppression is the fat-cell-produced leptin, which is reduced in
men receiving T therapy [30, 31]. Additionally, proinflammatory fat tissue cyto-
kines (e.g., tumor necrosis factor, IL-2, and IL-6) may further suppress gonadotro-
pin secretion [51]. Other substances have shown similar suppressive effects,
including endocannabinoids [35] and adiponectin [9]. Finally, lower SHBG in obe-
sity may lower the set point of HPT feedback inhibition. As total T is predominantly
suppressed in obesity, free T remains relatively higher and able to inhibit gonado-
tropins at lower levels of circulating total T. Interestingly, the long-held hypothesis
that increases in adipose tissue result in reduced T levels due to increased estradiol
feedback has been challenged by more recent findings [45].

3.3.3 Mixed Primary/Secondary Hypogonadism

The combination of both PH and SH is relatively common, especially among aged
obese men, where the primary age-dependent derangement of testicular tissues and
comorbidity-associated suppression of HPT function overlap. Similarly, adipokines
produced by fat tissue have inhibitory effects on both hypothalamic GnRH secretion
on Leydig cell steroidogenesis [40].

3.3.4 Compensated Hypogonadism

Elevated gonadotropins with normal T (LH >9.4 IU/L; T > 10.5 nmol/L) is a com-
mon finding in aging men, representing 9.5% in the previously described EMAS
cohort overall (Fig. 3.2) and 21% of men aged 70-79 [45]. A different cohort of
>4000 men presenting to a sexual dysfunction clinic reported a lower prevalence
rate of CH (4.1%), which likely relates to differences in study populations and sug-
gests that men with CH are less likely to potentially exhibit low T-related symptoms
[11]. Given these observations, the clinical significance of the isolated LH elevation
is unclear. However, several clinically relevant issues related to CH include identify-
ing associated or underlying etiologies and documenting hypogonadal symptoms.
Additionally, further research is warranted to determine if CH is able to predict
future health conditions, including uncompensated hypogonadism.

Although the exact cause of isolated LH elevation in these men is unknown, it
may relate to T suppression that has occurred within the defined “normal” reference
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range and therefore goes essentially unnoticed. With this hypothesis, these men
would normally have T levels in the mid to upper eugonadal range (e.g., 30 nmol/L),
and even with 70% suppression (11 nmol/L), they would still be considered normal.
In cases such as this, hypogonadal symptoms may be more likely to occur in
CH. Interestingly, in the EMAS cohort, men with CH had no sexual symptoms after
adjustment for age, BMI, smoking status, alcohol intake, and comorbidity [45].
However, their inability to do vigorous activity after adjustments persisted. This
may suggest mild T deficiency, since when the T thresholds of the different hypogo-
nadal symptoms were compared, the thresholds of suppressed physical activity
were reported at 13 nmol/L, while those of various sexual domains ranged between
8 and 11 nmol/L [55]. Hence, although many men with CH are not overtly hypo-
gondal, they may exhibit borderline symptoms of T deficiency. Whether they truly
exhibit high baseline T levels when eugonadal remains an unproven hypothesis.

CH may also represent an intermediary stage in the transition from eugonadism
to PH. When the testicular capacity to produce T starts waning as a result of various
factors, the negative feedback of T on gonadotropin secretion decreases and serum
LH increases. Initially, elevations in LH are able to maintain normal T levels (CH).
When testicular function deteriorates further, the pituitary is unable to further com-
pensate and PH ensues. As the latter is commonly associated with chronological
aging [56], we would similarly expect aging to be associated with CH. In reviewing
findings from EMAS, this finding was indeed observed, with the overall cohort hav-
ing a mean age of 58.5, CH of 67.3, and PH of 70.0 [45].

The suggestion of CH being a harbinger of impending PH was also supported by
findings from the 4.3-year prospective data obtained during the EMAS study [12].
In the study cohort, 5.2% of the men experienced incident CH (i.e., developed CH
during the follow-up period), while 6.6% had persistent CH and 2.4% reverted to
eugonadism during follow-up. Men with CH at baseline, indeed, had a 15-fold
higher risk to subsequently develop PH at follow-up than men with baseline normal
LH and T [12]. The development of CH was associated with several factors, includ-
ing age > 70 years, diabetes, chronic pain, pre-degree education, and low physical
activity. These men also developed erectile dysfunction, poor health, CVD, and
cancer more frequently, and their cognitive and physical function deteriorated more
than in men with persistently normal LH.

Other supporting findings of the concept of CH include lower hemoglobin levels,
erectile dysfunction, poor health, cardiovascular disease, cognitive and physical
deterioration, and cancer compared to eugonadal men [12]. It could therefore be
concluded that elevated LH in the presence of normal T is not an incidental finding.
Although it may revert to normal levels spontaneously, it remains associated with
multiple signs and symptoms of deteriorating health. However, at the present time,
isolated elevations in LH are not an unequivocal biomarker of hypogonadism.

Several other studies support the finding that elevated LH in the setting of normal
T may be associated with other medical conditions. Hyde and colleagues reported
that increased LH was a risk factor for ischemic heart disease in older men [24]. The
same conclusion was made by another study on CH where elevated LH was
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associated with psychiatric and cardiovascular symptoms, but not specifically with
sexual symptoms [11]. These men were also more likely to develop PH compared
to men with normal LH and T. A study from Denmark [21] found a positive associa-
tion with elevated LH but not T and all-cause mortality, suggesting that CH may be
arisk factor for early death. These preliminary findings underpin the potential clini-
cal importance of detecting CH in the diagnostic work-up of men with suspected
hypogonadism.

Another cohort study by Ventimiglia et al. [52] provided additional and some-
what contrasting information on CH in relation to other forms of hypogonadism. In
their analysis of infertile, hypogonadal men, the authors stratified groups into PH,
SH, and CH according to the EMAS criteria [45]. Results showed that CH repre-
sented a mild form of PH, while no differences in age were noted between group-
ings. Similar to the EMAS study, obesity was common among all men, with SH
displaying the highest overall risk. Testicular volume was low, FSH high, and
inhibin B low in both CH and PH. Impaired spermatogenesis was also identified in
men with CH, which is not commonly evaluated in aging male studies.

3.4 Gonadotropins in the Treatment
of Functional Hypogonadism

The first line of treatment for FH is lifestyle modifications, including weight reduc-
tion, dietary optimization, medication review, and treatment of comorbidities, after
which T therapy can be considered in men with no contraindications [10]. If main-
tained fertility is desired, exogenous T is contraindicated, except in certain scenar-
ios, as it reduces gonadotropins and intratesticular T below the threshold required to
maintain spermatogenesis. In this setting, gonadotropin treatment may be useful in
men with SH but not PH. One meta-analysis of men with organic SH reported out-
comes of men who received gonadotropins and demonstrated successful results
(mean sperm count 6 mil/mL and with at least one spermatozoon in ejaculate) in
75% of patients [38]. Improved success rates were noted among men who received
both human chorionic gonadotropin (hCG) and FSH compared to hCG alone.
Similar beneficial results were also observed among men who receive GnRH
therapy.

Other fertility-preserving alternatives to treat hypogonadism include aromatase
inhibitors (e.g., Ietrozole and anastrozole) or selective estrogen receptor modulators
(SERMs; e.g., clomiphene citrate and enclomiphene citrate), both of which increase
gonadotropin levels by reducing the negative feedback at the hypothalamic level,
thus potentiating the stimulation of intratesticular T and spermatogenesis. Aromatase
inhibitors are generally not recommended for extended use because of their variable
efficacy and deleterious effects on bone mineral density. SERMs might be a better
alternative to achieve the same goal; however, more research is required to better
evaluate their efficacy and long-term safety profile [1].
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