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Male hypogonadism—rebadged by some as testosterone deficiency syndrome—is a clinical and biochemical diagnosis of increasing
worldwide interest. Organic male hypogonadism—usually permanent—is well-established, but aging men may also exhibit lower
serum testosterone levels; principally due to burden of extra-gonadal comorbidities such as obesity, diabetes and metabolic syn-
drome, but with an underlying intact hypothalamo-pituitary-testicular (HPT) axis capable of springing back into operation once co-
morbidities are addressed. Despite encouraging observational data and plausible theoretical underpinning, evidence for efficacy and
safety of testosterone in this “aging” group of men is lacking; addressing comorbid illnesses remains the key priority instead. Never-
theless, in recent years, accumulation of misleading information online has triggered a global tsunami of testosterone prescriptions.
Despite this, many men with organic hypogonadism remain undiagnosed or untreated; many more face a diagnostic odyssey before
achieving care by the appropriate specialist. As testosterone therapy is not without risk several clinical practice guidelines have been
published specialist societies to guide physicians on best practice. However, these are heterogeneous in key areas, reflecting diver-
gent approaches to the same evidence basis. Herein, we navigate the major clinical practice guidelines on male hypogonadism and
test their respective recommendations against current best evidence.

Keywords: Hypogonadism; Testosterone; Sexual dysfunction; Practice guideline; Male aging

INTRODUCTION

Male hypogonadism (MH)—termed testosterone (T) deficiency
syndrome by some investigators—is a clinical syndrome char-
acterized by impaired testicular function, with reduced or absent
spermatogenesis and T secretion. It is caused either by disease

at the level of the hypothalamus or pituitary gland (central, sec-
ondary, or hypogonadotropic hypogonadism [HH]), wherein the
testes lack gonadotropic stimulation by luteinizing hormone
(LH) and follicule stimulating hormone, or an intrinsic defect of
the testes themselves (primary hypogonadism [PH]), wherein
the function Leydig and Sertoli and germ cells is intrinsically

Received: 7 July 2020, Revised: 23 July 2020, Accepted: 27 July 2020
Corresponding author: Richard Quinton

Department of Endocrinology & Diabetes, The Royal Victoria Infirmary,
Newcastle Upon Tyne Hospitals NHS Foundation Trust, Queen Victoria Rd,
Newecastle upon Tyne NE1 4LP, UK

Tel: +44-191-282-4635, Fax: +44-191-233-6161

E-mail: Richard.Quinton@ncl.ac.uk

526 www.e-enm.org

Copyright © 2020 Korean Endocrine Society

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly
cited.


http://crossmark.crossref.org/dialog/?doi=10.3803/EnM.2020.760&domain=pdf&date_stamp=2020-09-30

Male Hypogonadism and Variations in Clinical Practice E n M

impaired (Fig. 1) [1].

The prevalence of MH has been estimated at 6% to 12%, de-
pending on the study population and the degree of diagnostic
rigor [2,3]. If untreated, MH can lead to sexual dysfunction,
anemia, osteoporosis and fracture, myopathy and frailty, tender
gynecomastia, psychosocial impairments and reduced quality of
life. There is also a strong association of MH with obesity, met-
abolic syndrome and type 2 diabetes mellitus (T2DM) [4], al-
though the direction of causation is unclear [5].

Cross-sectional and longitudinal studies have generally
shown a decline in serum T levels with advancing age, in paral-
lel to increasing mortality [6,7], leading some investigators to
coin the term “late-onset hypogonadism” (LOH). The European
Male Ageing Study (EMAS) observed serum T <8 nmol/L
(<230.5 ng/dL) to be associated with increased all-cause and
cardiovascular (CV) mortality [6]. However, EMAS also found
the overwhelming contribution to the apparent age-related de-
cline in T levels to reside not in chronological aging per se, but
rather in the accumulation of age-associated co-morbidities,
such as obesity, resulting in suppression of LH secretion [8].
This being a reversible physiological phenomenon, it is perhaps
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more accurately described as “non-gonadal illness” (NGI) and
is likely distinct from organic HH [9,10]. Hence, questions of
diagnostic specificity apply to EMAS and many other studies
that describe populations of older, obese men with slightly low
T levels as having adult-onset HH. Indeed, although the Survey
on Prevalence in East China for Metabolic Diseases and Risk
Factors (SPECT)-China study found a similar fall in T levels to
EMAS up to and including middle age, older men who had
maintained traditional non-Western diet and largely avoided
weight-gain did not exhibit lower T levels than younger Chinese
men [11]. An Australian study of fit, healthy community-dwell-
ing older men likewise found similar T levels to younger men
[12]. Nevertheless, both EMAS and SPECT-China reported or-
ganic PH in 1% to 2% of older men (although EMAS curiously
devised an entirely new term “high LH-hypogonadism” to de-
scribe PH), with another 10% of men having “compensated”
PH. Compensated PH is a purely biochemical descriptor, unre-
lated to clinical phenotype, wherein LH is elevated yet T re-
mains within reference limits. Nevertheless, for any man having
“compensated PH” and clinically-ascertained anemia, osteopo-
rosis, or refractory sexual dysfunction, the question necessarily
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Fig. 1. Male hypothalamic-pituitary-gonadal (HPG) axis: homeostatic & environmental inputs: endocrine & paracrine actions of testoster-
one. KNDy, kisspeptin, neurokinin B, and dynorphin; NKB, neurokinin B; GC, glucocorticosteroid; GnRH, gonadotropin-releasing hor-
mone; E2, oestradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; Lc, Leydig cell; Sc, Sertoli cell.
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arises, “just how compensated is that from a clinical perspec-
tive?” It is thus particularly for these men, among whom PH
was associated in equal measure with chronological age and
burden of co-morbidities, that the term LOH most appropriately
applies [13]. Intriguingly, men with PH have a 3 to 4-fold rela-
tive risk of having T2DM, whether related to ageing [11],
Klinefelter syndrome [14], or myotonic dystrophy [15].

Over the past 20 years, there has been a worldwide surge of T
prescribing, mainly for age- or obesity-related decline in serum
T and/or men reporting erectile dysfunction. In the United
States, testosterone prescribing has tripled from 2001 to 2011.
Furthermore, many have been prescribed testosterone without
any prior testing of serum T level, or even more worryingly
with normal initial T level [16,17]. In the United Kingdom,
there was a 90% increase in testosterone prescribing from 2001
to 2010 that could not be satisfactorily explained [18]. Similar
unjustified trends in testosterone prescribing were observed in
Australia over a 20-year period [19]. Whilst it is conceivable
that genuine need is now being addressed that was previously
unmet, these observations more plausibly reflect the impact of
promotional and educational activity to portray testosterone as
an “elixir” of sexual and cardio-metabolic youth. This is addi-
tionally overlaid by increasing observations of ‘testosterone
seeking behavior’ (TSB) by vulnerable men whose views have
been influenced by unregulated “men’s health” websites and
online chatrooms [20].

Although the benefits and safety profile of using testosterone
to treat well-found MH are well-established, its use in men
without a verified diagnosis of hypogonadism carries signifi-
cantly less reassurance [21]. In fact, older or obese men receiv-
ing testosterone therapy outside the umbrella of organic hypo-
gonadism may be at risk of developing secondary polycythe-
mia, CV disease and detection of subclinical prostate cancer
[22,23], not to mention androgen-induced hypogonadotropic in-
fertility.

Sexual medicine has an extraordinarily low profile in medical
school curricula worldwide, with the relevant Multidisciplinary
Joint Committee of European Union of Medical Specialists
(UEMS) having written to the European Commission in 2019
asking for “at least 1 hour of training” to be mandated across
European medical schools. Even among doctors undergoing
postgraduate training in endocrinology, urology, or family/pri-
mary care medicine, exposure to dedicated training in sexual
medicine is of variable granularity.

To sign-post clinical practitioners to men most likely benefit
from testosterone treatment, several national and international
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societies have produced clinical practice guidelines for the diag-
nosis and management of MH. However, recommendations nec-
essarily reflect the experience, interests and standard operating
procedures of the specialty concerned and, hence these guide-
lines are not always consistent with each other in key areas. As a
result, mainstream physicians lacking experience in managing
men presenting with symptoms potentially related to MH may
be left confused, or uncertain of what to do for the best.

In this review, we compare and contrast all the national and in-
ternational guidelines for the diagnosis and management of MH,
namely: 2015 The International Society for Sexual Medicine
(ISSM) [24], 2017 The British Society for Sexual Medicine
(BSSM) [25], 2015 The Canadian Medical Association Journal
(CMAJ) [26], 2018 The American Urological Association
(AUA) [27], 2018 European Association of Urology (EAU) [28],
2018 Endocrine Society (ES) [1] and, in 2016, The Endocrine
Society of Australia position statement on MH (AUS) [29,30].

In exploring the major differences and similarities in their re-
spective recommendations, we highlight how these variations
might differentially impact clinical practice and discuss the
therapeutic and pharmaco-economic implications thereof. We
also outline how, in reviewing these different guidelines, we
were motivated to achieve a synthesis of international best prac-
tice relating to MH that was both simple and rigorous enough to
guide clinical practice for primary care physicians working
within the United Kingdom’s National Health Service (NHS)

(Fig. 2).

DEFINING MH CLINICALLY AND
BIOCHEMICALLY

Urology and Sexual Medicine guidelines (ISSM, BSSM, AUA,
but not European Urology Association [EUA]) tend to refer to
“testosterone deficiency syndrome” (TDS), whereas the tradi-
tional textbook term “male hypogonadism” is retained in both
endocrinology guidelines (ES, AUS). Nevertheless, whether for
MH or TDS, the basic diagnostic criteria across all guidelines
are broadly similar, including a combination of clinical symp-
toms with biochemical evidence of low T, plus an impact on
physical health and wellbeing. However, in the interests of con-
sistency, we use MH throughout this review, on the basis that it
is an accurate and longstanding medical descriptive term and is
consistent with terminology applied across other areas of endo-
crinology, such as hypo-thyroidism, -parathyroidism, -adrenal-
ism, -pituitarism, etc.

According to ISSM, MH is a clinical and biochemical syn-

Copyright © 2020 Korean Endocrine Society
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Approach to the man presenting with reduced libido, erectile dysfunction or found to have low testosterone.

Consider screening for hypogonadism in:
* Men with relevant symptoms or signs: e.g., erectile dysfunction, loss of libido, loss of
early morning erections (less commonly delayed ejaculation, decreased volume of
ejaculate), gynaecomastia, sweating, or hot flushes.

+ Asymptomatic men with history of anaemia, osteoporosis or low impact fractures,
infertility, HIV-associated weight loss, pituitary or parasellar disease (e.g., irradiation).
use of medications affecting T production or function (e.g., glucocorticoids, opiates).

History and examination should include:
Review of medication: e.g, opiates, dopamine-antagonists (that may cause
hyperprolactinaemic hypogonadism), anabolic steroids, or even “healthy men’s” vitamin
or protein supplements”(that may contain undeclared androgens).
Assessment of BMI or waist circumference; both obesity and, less commonly,, energy
deficit from hyper-exercising can be associated with low testosterone.
Assess testes volume (e.g., pea, grape, plum, etc), character of secondary sexual
characteristics (including scrotum, penile size and body hair distribution)
Review of past lab results; low Hb/Hct makes hypogonadism more likely; high-normal
levels make it extremely unlikely.

Obtain an early morning TT sample (7-11 AM) after an overnight fast?, along with SHBG:
If the SHBG is low or high, calculate FT; if mid-range, just stick with TT henceforthP
n.b. Ensure there is no concurrent non-gonadal illness

Low serum T, or low-normal with anaemia,
osteoporosis, or characteristic physical exam

v

S Normal serum T & Physical exam

Hypogonadism unlikely, so consider
other causes of symptoms.
If SHBG is low, address the risk of
bolic syndi weight, diak
lipids, consider Metformin (if indicated)

Confirm by repeating fasting (7-11 AM) serum T (ideally 4
weeks later), along with pituitary hormone profile (FSH, LH,

Prolactin, cortisol, T4, T3 & TSH) and iron stores (Ferritin,

TIBC saturation).

Low serum T with high FSH & LH
(Primary hypogonadism)
TRT is usually mandatory (unless
fertility wanted or with specific
contraindications such as erythrocytosis,
active prostate or breast cancer).
Request karyotype if Klinefelter's
syndrome suspected

sl

Low serum T with low or “normal” FSH & LH
This could indicate either Secondary hypogonadism
(for which TRT is Ily indicated), or non-gonadal

illness (for which it usually isn’t, with management
directed at the underlying disease)

Refer to endocrinology for further evaluation and
consideration of pituitary MRI

Fig. 2. An approach to low testosterone levels in primary care. HI'V, human immunodeficiency virus; BMI, body mass index; Hb/Hct, hemo-
globin/hematocrit; TT, total testosterone; SHBG, sex hormone binding globulin; FSH, follicle-stimulating hormone; LH, luteinizing hor-
mone; T4, thyroxine; T3, triiodothyronine; TSH, thyroid stimulating hormone; TIBC, total iron binding capacity; TRT, testosterone replace-
ment therapy; MRI, magnetic resonance imaging. “Consider your local laboratory reference range as measurements can be variable from
laboratory to another, in shift workers measure within 3 hours of waking; "www.issam.ch/freetesto.htm.

drome associated with low T (or its action). BSSM and CMAJ
concur, but also specifically link MH to advancing age and accu-
mulating comorbidities, albeit without considering the likelihood
of low serum T in these contexts being instead a non-gonadal
epiphenomenon expressed as part of the acute phase response.
The EAU defines MH as a clinical syndrome caused by an-
drogen deficiency which may adversely affect multiple organ
functions and quality of life, and classifies it into four catego-
ries: PH, secondary hypogonadism (HH), adult-onset hypogo-
nadism (AOH), and hypogonadism due to defects in androgen
target organs. The logic behind the separate AOH category ap-
pears initially unclear, in that both PH and HH can arise con-
genitally/in childhood, e.g., Klinefelter (PH) and Kallmann
(HH) syndromes, or in adult life; e.g., testicular trauma/torsion/
surgery/orchitis (PH) and prolactinoma (HH). Therefore, creat-
ing a non-specific category for AOH would appear superfluous.
However, in practice, this guideline defines AOH as otherwise
unexplained “HH” in obese or older men; i.e., men who might
just as easily have functional NGI, and for whom best evidence
of benefit lies with addressing underlying general health issues,
rather than prescribing T [10,13,18,31]. Regarding the fourth

Copyright © 2020 Korean Endocrine Society

category (defects in androgen target organs), whilst partial and
incomplete forms of androgen-insensitivity due to androgen re-
ceptor (AR) mutations are increasingly recognized in infertile
men [32], evidence for high-dose testosterone being able to sur-
mount these defects is currently slim [33]. There is also an in-
herent risk of vulnerable normal men being encouraged to seek
testosterone treatment in the belief that they may harbor some
unspecified resistance to testosterone-action.

The ES defines hypogonadism as a clinical syndrome that re-
sults from failure of the testis to produce physiological concen-
trations of T and/or a normal number of spermatozoa due to pa-
thology at one or more levels of the hypothalamic-pituitary-tes-
ticular axis. The AUS offers a similar definition, and both
guidelines exhaustively detail the sub-classification and differ-
ential diagnosis of MH.

According to all guidelines, an accurate diagnosis requires the
presence of characteristic clinical features and firm biochemical
evidence of inappropriately low serum T level. However, even
though it is self-evidently a central clinical manifestation of
MH, impaired spermatogenesis only forms part of the diagnos-
tic criteria for ES & AUS guidance. Providing an ejaculate for
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seminal fluid analysis (SFA) is admittedly expensive, inconve-
nient and potentially non-specific, in that many men have im-
paired spermatogenesis unrelated to MH. Nevertheless, if a nor-
mal SFA has been demonstrated, then organic MH becomes im-
probable and, indeed, testosterone treatment will create a risk of
infertility that was not previously present. These observations
can be deployed to reassure the increasing number of normal
men consulting their doctors with TSB.

WHO TO SCREEN FOR MH?

All major guidelines recommend measuring serum T in patients
who exhibit core clinical features of MH. Although the AUS ex-
plicitly advises against screening for hypogonadism in men
lacking features suggestive of “pathological hypogonadism,”
other guidelines endorse a broader screening paradigm, some-
times even in the absence of core symptoms or signs of MH.

For instance,

* The CMAJ recommends screening (and potential treatment)
of men with otherwise unexplained anemia, sarcopenia, treat-
ment-refractory depression, chronic use of opioids or gluco-
corticoids, human immunodeficiency virus (HIV)-associated
weight loss and erectile dysfunction (ED) resistant to first-line
therapy.

* The AUA suggests that measurement of serum T should be
considered in men with a history of unexplained anemia, bone
density loss, diabetes, exposure of the testes to chemotherapy
or ionizing radiation, HIV/acquired immune deficiency syn-
drome (AIDS), chronic narcotic use, male infertility, pituitary
dysfunction, and chronic glucocorticoid use.

* The ISSM recommends screening for MH in men with obesi-
ty, T2DM, and metabolic syndrome, while the BSSM recom-
mended screening in men with body mass index >30 kg/m?,
waist circumference >102 cm and T2DM.

» The ES recommends case detection for men deemed to be at
increased risk of having hypogonadism and likely to benefit
from T therapy, such as those with low libido, erectile dys-
function, infertility, HIV-associated weight loss, osteoporosis
or low-trauma fracture, a history of anabolic steroids use, or
using opioids or other drugs or substances that affect T pro-
duction or metabolism.

SERUM T CUTOFF TO SUPPORT THE
DIAGNOSIS OF MH

An initial morning measurement of total T concentration is uni-
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versally recommended for case-detection, but guidelines differ
significantly in respect of whether:

* To rely on local laboratory normal ranges, or instead conform
to a universal cut-off serum T value to define the lower limit
of normality (LLN); if so, what that value should be?
Decrementing values for LLN should apply to corresponding-

ly older men?

Diagnostic venepuncture should always be performed in the
fasted state?
More than one sample is required for diagnostic purposes and,

if so, what the minimum spacing between samples should be?

Serum T values should always be interpreted in the context of
patients’ clinical presentations?

Obesity, diabetes, or metabolic syndrome are perceived as in-
creasing the pre-test probability of MH, or conversely, acting
to reduce the diagnostic specificity of a low serum T level and
increasing the possibility of NGI causing biochemical pheno-
copy of HH?

For instance, the ISSM, BSSM, and EAU recommend diag-
nosing MH and consider offering TRT on the basis of serum T
<231 ng/dL (<8 nmol/L), taken in the morning on two or more
separate occasions (spaced at least 4 weeks apart according
BSSM, and one week apart according to ISSM). The AUA sug-
gests a higher cutoff of 300 ng/dL (<9.2 nmol/L), while the
CMALJ does not specify any predetermined serum T threshold,
nor advises any need to repeat sampling if T was found to be
low on the initial measurement.

Only the ES and AUS guidelines specifically recommend that
serum T should always be assessed in context of the patient’s
clinical presentation, and the result rigorously compared against
established levels in healthy eugonadal men in the general pop-
ulation [18]. The ES suggests a threshold of 264 ng/dL (9.2
nmol/L) as LLN for serum T, with its reference range of 9.2 to
31.8 nmol/L derived from high-order mass spectrometry popu-
lation from the Centre for Diseases Control (CDC) harmonised
standards in healthy non-obese young men [19]. For men hav-
ing no structural disease of the hypothalamic-pituitary-gonadal
(HPQ) axis, the AUS has adopted an age-adjusted serum T ref-
erence range, €.g., >10.4 nmol/L up to age 35 years and >6.4
nmol/L for men =70 years old.

All guidelines agree that the best way to measure T is by liquid
chromatography mass spectrometry, but acknowledge that this
may not be available in every institution and; hence, a high-qual-
ity validated immunoassay may instead need to be relied upon.

Copyright © 2020 Korean Endocrine Society
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APPROACH TO LOW-BORDERLINE SERUM
T VALUE

This is the area of greatest variance between different clinical
practice guidelines, resulting in markedly heterogenous recom-
mendations. ISSM and BSSM suggest that, in symptomatic
men with repeat serum T in the 8 to 12 nmol/L range, measure-
ment of LH, sex hormone binding globulin (SHBG) and prolac-
tin (PL) should be undertaken, with either high levels of LH (in-
dicating Leydig cell impairment) or SHBG (indicating lower
free T calculated by mass action formula) shifting the equilibri-
um towards diagnosing MH and treating with testosterone, but
in any case envisioning an individual therapeutic trial of T
(ISSM 6 to 12 months; BSSM 6 months) to determine whether
this alleviates symptoms. The CMAJ likewise suggests consid-
ering a trial of TRT of 3 months duration in the presence of a
convincing clinical picture but uncertain biochemical results.
Apart from recommending PL check, neither ISSM, BSSM, nor
CMAJ address in any great depth the importance of identifying
and treating potential causes of NGI in men with sexual symp-
toms, low-normal T and normal LH.

The AUA suggests measuring PL levels in those with repeat
low T and low-normal LH levels; proceeding to treat with T for
MH if PL levels are normal, and only recommending further
endocrine work up and pituitary magnetic resonance imaging if
PL is raised or T <150 ng/dL, in order to rule out a structural pi-
tuitary lesion.

Free T calculation by mass action formula was recommended
by the BSSM, ISSM EUA, and ES. The EAU recommends cal-
culating free T in case of discrepancy between serum (total) T
and symptoms, while the ES recommends the use of calculated
free T in the presence of conditions that alter SHBG levels, or
when serum T levels are in the borderline range. By contrast,
the AUS is broadly opposed to using calculated free T to inform
clinical decision-making, due to the highly uncertain correlation
between values derived from any of the published formulae and
actual laboratory measurements by equilibrium dialysis [34].

Nevertheless, a pragmatic approach to evaluating calculated
free T would acknowledge that, whilst it is unlikely to provide
an accurate measurement of actual circulating unbound T, stud-
ies have found it to correlate better than total T with several bio-
logical read-outs of androgen action, including bone density
[35], sexual function [36], and haematopoeisis [37]. However,
where SHBG level is mid-range, the calculation adds little add-
ed value [21].

Copyright © 2020 Korean Endocrine Society

INDICATIONS FOR TESTOSTERONE
TREATMENT

All guidelines affirm that testosterone replacement is indicated
with a verified diagnosis of MH, i.e., the presence of characteris-
tic symptoms combined with the unequivocal biochemical find-
ing of low T. However, as discussed above, some guidelines
(particularly ISSM, BSSM, and CMAJ) apply significantly low-
er thresholds for treatment, and endorse trials of testosterone
treatment with symptoms conceivably due to MH, even when
biochemistry is not entirely supportive, or potentially due to
NGI.

Surprisingly little weight is given by any guideline to the key
significance of a raised LH level—a finding that not only high-
lights an unequivocal defect of Leydig cell function, but also
usefully excludes physiological NGI and venepuncture mistim-
ing as a cause of lower serum T—or of a high-normal hemoglo-
bin or hematocrit (Het), which indicates that testosterone treat-
ment will necessarily carry an unacceptably high risk of induc-
ing erythrocytosis [21].

According to ES and AUS, hypogonadal men with a disease
affecting the testis (PH) or hypothalamo-pituitary-testicular
(HPT) axis (HH) are classified as having organic/classical (ES)
or pathological (AUS) MH, with testosterone treatment being
generally indicated. AUS in particular emphasises the impor-
tance of being able to frame a diagnosis of MH in the context of
a recognised cause, i.e., recognition of MH is not the final diag-
nosis in itself, but rather the entry-point to achieving an over-
arching diagnosis.

In contrast testosterone treatment is not generally recom-
mended by ES or AUS for the other category of men having in-
trinsically intact HPT axis, but suppressed function due to other
causes (e.g., obesity or other comorbidity). ES defines these
men as having functional MH, whereas AUS does not consider
them as having any form of MH. We favour the term NGI, first
coined by Gan et al. [8], reflecting analogous physiological sig-
nificance to non-thyroidal illness syndrome. Both ES and AUS
emphasise the primacy of treating underlying health problems
in these men; an approach that can reverse functional HH/NGI
biochemistry. In contrast, other guidelines do not differentiate
between organic/classical/pathological MH and functional HH/
NGI in terms of indications for treatment, and are also generally
content to define MH (or TDS) as a top-level hierarchical diag-
nosis.

www.e-enm.org 5731
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AGING, OBESITY, AND OTHER
COMORBIDITIES

Clinical practice guidelines generally acknowledge that the
prevalence of subnormal serum T levels increases with advanc-
ing age; potentially resulting either from PH (due to age- or co-
morbidity-related related decline in Leydig cell function) or
from HH/NGI (due to age-related accumulation of comorbidi-
ties). The ES considers advanced age to be a cause of organic
PH, but not a cause of organic HH, whereas AUS does not con-
sider age to cause any form of MH and does not necessarily
consider a raised LH level in an older man as indicating patho-
logical MH meritorious of testosterone treatment.

Whilst acknowledging that aging men are prone to accumulat-
ing comorbid illnesses resulting in low serum T levels, the
ISSM, and BSSM nevertheless define this as a form of age-re-
lated MH, whose treatment implications are not substantially
different from those of classical or organic MH. The CMAJ,
ISSM, and BSSM state that obesity, T2DM, and metabolic syn-
drome are all strongly associated with MH. Indeed, these three
guidelines are heavily influenced by indirect and/or observa-
tional data supporting the “Cohen hypothesis” of a bi-directional
relationship between serum T and fat mass, along with a role for
T therapy in helping to mitigate these interlinked non-gonadal
conditions through promotion of muscle anabolism, lipolysis
and weight-loss [38]. Consequently, they recommend systematic
screening for MH in those clinical settings, even in the absence
of symptoms or signs, which is a radical and potentially re-
source-intense departure from traditional case-finding practice.

Hence, the ISSM endorses testosterone treatment in men with
low T associated with obesity and metabolic syndrome, particu-
larly if the clinician suspects that the patient will not adequately
adhere to the recommended dietary, behavioural (e.g., abstain
from opiates) and exercise regimen. Similarly, the BSSM en-
dorses lifestyle modification in addition to testosterone treat-
ment in men with HH/NGI due to obesity who have distressing
symptoms. The AUA also recommends consideration of screen-
ing for MH in patients with diabetes, without specifying which
type of diabetes, and—beyond initiation of testosterone treat-
ment—makes no recommendations on how to approach men
with HH/NGI and metabolic health issues, apart from recom-
mending referral to Endocrinology if PL is found to be raised.

Interestingly, recent data from the T4DM trial [39] have
shown that adding testosterone treatment to lifestyle modifica-
tions in nearly 1,000 obese men was associated with a markedly
reduced prevalence of T2DM at 2 years (12.4% vs. 21.1%, pla-
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cebo) and also had small favourable outcome on sexual func-
tion. However, it led to a dangerously high Hct (>54%) devel-
oping in 21.6% of subjects, compared with only 1.2% in the
placebo arm. Moreover, men in the T group reported more ad-
verse events (e.g., ischaemic heart disease, arrhythmias, benign
prostate enlargement), 55 compared with 42 events in the place-
bo group. Death rates were identical, two in each group, al-
though the study was not powered to evaluate this.

By contrast, the EUA, ES, and AUS all recommend lifestyle
modification and addressing the underlying comorbid illness as
a first line intervention, with the EUA also recommending the
use of PDES-inhibitors, as a first line therapy ahead of testoster-
one for erectile dysfunction, in symptomatic men with low se-
rum T. The ES and AUS concur that functional HH/NGI due to
obesity can be reversed by addressing the excess weight through
diet and exercise. Having been drafted prior to publication of
“The T Trials” (TTT) [40], the AUS also noted only limited data
from high-quality randomised controlled trials of testosterone,
achieving clinically significant outcomes in older men—usually
with chronic disease (such as obesity)—having low T levels but
no evidence of pathological MH. Fundamentally, the AUS con-
siders low T in this context to be marker of the underlying poor
health, and hence does not support prescribing of testosterone in
such settings. Detailed analysis of TTT is beyond the scope of
this review, but their findings can be summarised as follows in
respect of older men with obesity and metabolic syndrome:

* Testosterone was marginally more effective than PDES-inhib-
itors in respect of sexual functioning; albeit any superiority
may not last beyond a year from initiation.

Testosterone did not improve vitality score, physical function,
or cognitive function.

Testosterone increased coronary artery non-calcified plaque
volume as assessed using computed tomographic angiogra-
phy, indicating potential adverse CV risk.

Testosterone increased hemoglobin in both men with anemia
of a known cause and in those having unexplained anemia.

Testosterone increased volumetric bone mineral density and
the estimated bone strength of the spine and hip.

Informed by TTT data, current ES guidance is significantly
more stringent in respect of the diagnosis of MH and eligibility
for testosterone treatment compared with its previous 2010 itera-
tion [41] and is thus much closer to AUS. Nevertheless, for rea-
sons that are not explored in great detail, but may relate to not
wishing to alienate certain elements of their membership, the ES
continues to allow clinicians to “individualize the decision to
treat or not to treat with T based on careful consideration of the
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severity of symptoms, the degree of T deficiency, confounding
influence of the comorbid illness, patient preferences, and the
uncertainty of the risks and benefits of testosterone therapy.” In
our view, this caveat is inconsistent with the overall direction of
the updated ES guidance, in that it leaves open the possibility
for prescribing T based solely upon patient expectations.

CAUSES OF HH THAT SHOULD NOT BE
MISSED?

That HH (whether organic or functional) is not necessarily a fi-
nal diagnosis, but potentially the first manifestation of another
disease, is regrettably overlooked by some guidelines. Most
guidelines agreed on the need of measuring serum LH (to dif-
ferentiate PH from HH) and PL levels (to assess whether a pitu-
itary adenoma is likely to be present). However, the AUA and
BSSM recommended pituitary imaging only if PL is persistent-
ly elevated and/or in the presence of severe biochemical T defi-
ciency (<5.2 nmol/L, <150 ng/dL). This might not be the safest
approach, given that structural pituitary abnormalities are more
common in isolated HH than in the general population and total
T might not be always below the aforementioned threshold [42].
Indeed, such recommendation might underestimate the presence
of a non-functioning pituitary tumour (or a diagnosis of pan-hy-
popituitarism) manifesting as mild- moderate HH with low-nor-
mal PL levels (which is not an uncommon presentation to endo-
crinology services). Although ES guidelines quote the same
threshold, they do so on the basis of significantly more detailed
clinical context: “Clinicians can improve the diagnostic yield of
pituitary imaging to exclude pituitary and/or hypothalamic tu-
mors by performing this procedure in men with panhypopituita-
rism, persistent hyperprolactinemia, serum TT 150 ng/dL (5.2
nmol/L), or symptoms of tumor mass effect (e.g., visual impair-
ment, visual field defect, or new-onset headache).”

In addition to pituitary disease, investigating other potential
causes of HH is recommended by some, but not all guidelines.
Hereditary hemochromatosis (HHem), for example, is a genetic
disease that promotes tissue iron overload that may lead to HH
through gonadotroph iron toxicity, along with potentially seri-
ous cardiac, hepatic and joint disease, and diabetes [43]. Diabe-
tes occurs in around 50% of patients with HHem, with MH
(mostly SH) being the second most prevalent endocrinopathy
after diabetes [44]. More importantly, recovery of reproductive
function and reversibility of HH have been reported after ag-
gressive venesection therapy [45,46]. Disappointingly, only
CMALJ, ES, and AUS clearly indicate the need to measure se-
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rum ferritin or transferrin saturation (both very simple and
cheap tests) in men with SH.

The ISSM inaccurately defines HHem solely as a cause of
PH, whereas a largely pituitary-level defect (HH) in HHem is
indicated by the literature [43,47]. The BSSM, AUA, EUA,
made no mention of HHem or the need to screen for it, which is
very surprising given their emphasis on screening for MH in pa-
tients with T2DM.

Most guidelines acknowledge that HH can arise due to legiti-
mate or illegitimate use of prescription medications (e.g., opi-
ates and androgens), but ISSM, BSSM, AUA, EUA, and CMAJ
provide no guidance on how best to approach men with HH in
such settings. The ES sensibly recommends only considering T
treatment of opiate-induced hypogonadism in men with dis-
tressing symptoms and in whom opiate-withdrawal is not an
option. The AUS stresses that opiates or androgens cause func-
tional and reversible HH and that cessation of the offending
drug should always be attempted first. If this is not possible then
an endocrinology referral is warranted to discuss the risks and
benefits of any suggested intervention.

TESTOSTERONE TREATMENT AND
ANDROGEN-SENSITIVE CANCERS

Most guidelines counsel against testosterone in patients with
metastatic or locally advanced prostate cancer (PCa), any form
of male breast cancer, and in patients at high risk for recurrent
PCa. The ISSM and AUA recommend a mutual decision to be
made between the patient and the physician taking into account
benefits versus the potential risks. The BSSM, EAU, and CMAJ
recommended offering testosterone to symptomatic men with
history of treated localized low-risk PCa (Gleason score <8,
stages 1-2, preoperative prostate specific antigen [PSA] levels
<10 ng/mL, and not within 1 year of treatment with curative in-
tent) and without evidence of active disease (based on measur-
able PSA level, digital rectal examination [DRE] result, and im-
aging evidence of metastatic disease). The EAU advise that tes-
tosterone can be cautiously offered to patients who underwent
brachytherapy or external beam radiation for low-risk prostate
cancer.

The ES advises that all men receiving testosterone treatment
should have urological evaluation upon the detection of prostate
nodule or induration, or achieving =40% rise in PSA level over
the first year of treatment. ES advises against testosterone in
men with prostate cancer, palpable prostate nodule or indura-
tion, PSA level =4 ng/mL (or =3 ng/mL if combined with a
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high risk of prostate cancer such as African-American origin
and those with first degree relatives with having prostate can-
cer) without urological evaluation. In relatively younger men
(age 55 to 69) with life expectancy of =10 years or men aged
40 to 69 who have high risk (African-American origin and those
with first degree relatives with having prostate cancer), the ES
suggests shared decision making after discussing risks and ben-
efits, and potential prostate monitoring. Eugonadal men who
develop androgen-sensitive prostate cancer, treated with cura-
tive intent, routinely receive androgen-deprivation therapy for a
period of 6 to 24 months (depending on tumor phenotype) [48]
and, therefore, from basic first principles, the same occurrence
in a hypogonadal man ought not prompt interruption of testos-
terone treatment for longer than 2 years.

All guidelines emphasise precautionary baseline PSA mea-
surement and DRE, with periodic repeats during treatment.
However, in practice, Endocrinologists tend not to perform DRE;
instead relying on biochemical PSA monitoring, which—apart
from rare cases of non-secretory PCa—is in any case far more
sensitive. It may be that urologists recommend DRE mainly be-
cause it is part of their standard clinical examination, and that en-
docrinologists lack the necessary confidence and experience in
the area to offer a disenting opinion. This is indeed an area that is
ripe for a truly multidisciplinary review of the evidence.

Indeed, among men with congenital MH, the occurrence of
PCa during T treatment is so vanishingly rare that we have been
able to identify less than 10 published reports [49].

TESTOSTERONE AND CV DISEASE

Current guidelines state that there is no credible evidence that
testosterone increases the risk of CV events, provided that it is
prescribed appropriately to men with a well-founded diagnosis
of MH. Nevertheless, two landmark clinical trials raised CV
safety concerns when testosterone was prescribed to older men
having a primary diagnosis of age-related frailty [50], or having
HH/NGI associated with obesity, T2DM or metabolic syndrome
[40]. Moreover, data from the Copenhagen General Population
Study found a 50% increased risk of CV thrombosis among
men in the top 5% for Het (0.48%), compared with the 25th to
50th centiles [51]; thereby indicating a mechanism by which
testosterone (or indeed smoking and chronic lung disease)
might plausibly increase CV risk. It may be that a higher Het di-
rectly promotes thrombogenicity; alternatively, secondary, or
relative polycythaemia (where red cell mass is normal, but plas-
ma volume is reduced) may simply be a manifestation of the in-
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creased vascular tone associated with cardiometabolic disease
[52]. Finally, no study has properly considered testosterone’s
action in shortening the cardiac QT interval as a potential con-
tributing factor to CV risk; by contrast, a possible role for tes-
tosterone to treat men predisposed to short-QT-arrhythmias is
currently being investigated [53].

The ISSM recommends that MH in men with CV disease be
assessed and monitored in the same way as in other men, where-
as the BSSM recommends assessing CV risk factors and opti-
mising secondary prevention in men with established disease
before commencing testosterone. The EUA suggests a greater
need for caution in men with pre-existing CV disease and, po-
tentially, considering echocardiography before initiation of tes-
tosterone. The AUA recommended the need to counsel patients
prior to starting testosterone, explaining that the evidence is
patchy and that it is unknown whether testosterone can increase
or decrease the risk of any major adverse CV event. The CMAJ
guideline makes a weak recommendation, based on low-quality
evidence, that testosterone treatment in men with CV disease be
restricted to those with stable disease and only after a discussion
of the potential risks and benefits. More coherently, both AUA
and ES caution against initiating T with recent CV or stroke
event (3 to 6 months for the AUA and 6 months for the ES)
while the AUS suggestes the need for caution when using T in
older men with known CV disease.

The UK Society for Endocrinology has produced a brief posi-
tion statement on testosterone in older men [54]. Whilst recog-
nizing the uncertainty and potential risks around the prescribing
of T in obese and/or older men with low T, it notes that the over-
whelming majority of older men retain Leydig cell function into
old age and that, consequently, there is no logical underpinning
for withholding testosterone treatment in symptomatic older
men with a verified diagnosis of organic or syndromic MH.

MONITORING TESTOSTERONE THERAPY

To avoid testosterone-induced erythrocytosis, many guidelines
counsel against initiating T in patients with baseline elevated
Hct, which makes sense in terms of mitigating CV risk. Howev-
er, surprisingly underplayed in all guidelines, is the concept that
araised Hect makes MH rather improbable in the first place.
However, where threshold Hct values—beyond which testos-
terone treatment is inadvisable are quoted in some guidelines—
these are surprisingly high, >48% according to the ES and
(amazingly) >54% according to the BSSM and EUA. Not only
would baseline Het >50% tend to refute the diagnosis of MH,
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but initiation of testosterone therapy would be predicted to re-
sult in unacceptable erythrocytosis with near certainty. Both ES
and AUS recommend monitoring Hct after 3 to 6 months of tes-
tosterone initiation and annually thereafter; sensibly recom-
mending that the testosterone dose be reduced should erthrocy-
tosis begin to develop. However, BSSM instead suggests peri-
odic venesection, whilst potentially continuing the existing dose
of testosterone; a practice common to athletes abusing andro-
gens and for which safety and efficacy data are notably lacking.

The ISSM recommends targeting T levels at mid-point of the
reference range, with bloods taken at each follow-up visit, with
the initial monitoring biochemistry varied according to the
preparation and route of administration. The BSSM recom-
mends a therapeutic target of mid-upper-end of range (15 to 30
nnmol/L), with blood tests (T, SHBG, and albumin) checked at
least 1 to 2 hours after topical testosterone applications, but
states that “timing for blood testing is irrelevant” in relation to
injectable testosterone. The AUA recommends using the lowest
possible dose of testosterone to achieve levels of 450 to 600 ng/
dL (15.6 to 20.8 nmol/L) and, for men on long-acting inject-
ables, to have blood works done midway between injections.
The CMAJ recommends a therapeutic target of 14.0 to 17.5
nmol/L, but makes no recommendations on timing and intervals
of monitoring. The EUA acknowledges a lack of data to define
an optimal therapeutic target, but their expert consensus sug-
gests aiming for the mid-normal age-adjusted range, or whatev-
er level alleviates symptoms. For men receiving injectable tes-
tosterone, having a significant peak-trough difference in levels,
the ES recommends monitoring blood tests be performed done
at the mid-point between injections.

Nevertheless, in the UK healthcare environment, doing moni-
toring blood tests immediately pre-injection at “trough” and aim-
ing for low-normal serum T levels achieves greater convenience
and simplicity for both patients and clinicians [13]. Moreover,
whereas almost all guidelines recommend aiming for a mid-
range serum T level, they universally fail to explicitly articulate
the importance of qualifying this advice with the necessary con-
textual prefix “other things being equal.” Thus, for men predis-
posed to developing erythrocytosis, it may prove necessary to
accept lower serum T in order to mitigate risks of thrombosis or
venesection. In contrast, for younger men with anemia, or low
bone density, achieving a higher level is probably justified [21].

DISCUSSION

The aim of clinical practice guidelines is to analyse complex or
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incomplete evidence and provide clear guidance to practicing

physicians. However, a distinct lack of consensus on how to ap-

proach MH is evident from the guidelines that we reviewed,
hence potentially adding to confusion and uncertainty in certain
areas, rather than reducing it.

From the epidemiological perspective, there is increasing
concern that “the system is broken” in that large numbers of
men with organic MH, who would certainly benefit from testos-
terone treatment, are not currently being identified by modern
medical practice [54]. Conversely, even larger numbers of men
have been prescribed testosterone without no greater diagnostic
granularity that an isolated random low serum T level, or even a
low score on an “androgen deficiency” questionnaire, with no
biochemical workup [3,18].

Some guidelines accept the routine diagnosis of HH in men
with borderline-low T and low-normal LH associated with co-
morbidities—consistent with NGI—and also tolerate androgen-
induced polycythemia up to a remarkably unphysiological 54%
Hct [55]. Moreover, use of the term TDS, rather than MH, may
unnecessarily imply a need to replace testosterone in a man
whose HPT axis is fundamentally intact.

This situation is unlikely to improve as long as guidelines
continue to display markedly heterogenous recommendations in
major area of clinical practice, including:

* Basic terminology: whether to remain with MH, or move to a
new descriptor, TDS? We suggest sticking with MH.

* Is MH (or TDS) a final diagnosis in its own right, or does it
require a higher-order descriptor in order to be fully character-
ized and credible, such as HH due to opiate use, or PH due to
Klinefelter syndrome? We suggest the latter.

» HPG axis suppression due to co-morbidities such as obesity:
should it be considered a form of HH like any other, and treat-
ed accordingly with testosterone; a form of functional, or non-
organic HH, not usually treated with T, or is it instead better
described as physiological NGI-effect for which a logical ba-
sis for testosterone prescribing, along with data on risks and
benefits, are all notably lacking? We suggest the latter.

Case-finding paradigms: apart from men with core clinical
features or risk factors (sexual dysfunction, infertility, gyne-
comastia, vasomotor symptoms, anemia, osteoporosis, absent
or incomplete secondary sexual characteristic, characteristic
syndromic features, or history of tumor, surgery, chemothera-
py, or ionizing radiation affecting the HPT axis), who else—if
anybody—should be screened for MH?

* Specifically, should men with ongoing opiate use, prior non-
prescription androgen use, or obesity/metabolic syndrome be
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Table 1. Clinical Practice Guidelines and Their Cutoff for Serum TT

Guideline T cutoff, nmol/L Evidence for the cut off

ISSM, BSSM <8 Cross-sectional cohort study of 434 men (age 5086 years) which showed that ED was more prevalent at this TT
level [57]

AUA <104 Meta-analysis of RCTs including studies where TT <350 ng/dL, with a median baseline TT of 249 ng/dL and an
interquartile range of 233-283 ng/dL [27,58]

EUA <8 A survey of 3,369 middle aged men (age 4079 years) [59]

ES <9.2 Data from harmonized reference range from 100 healthy young nonobese men from 4 cohorts: the Framingham

Heart Study, European Male Aging Study, Osteoporotic Fractures in Men Study, and Male Sibling Study of

Osteoporosis [60]

TT, total testosterone; ISSM, International Society of Sexual Medicine; BSSM, British Society of Sexual Medicine; ED, erectile dysfunction; AUA,
American Urological Association; RCT, randomized clinical trials; EUA, European Urology Association; ES, Endocrine Society.

screened for MH, even in the absence of relevant symptoms
or signs, or is evidence of treatment-safety or -benefit inade-
quate for these? All but the AUS endorse testosterone pre-
scribing for medically-justified opiate use [29,56].

Presence of obesity/metabolic syndrome: is this a valid justifi-
cation for actively seeking-out MH, or instead, a reason to be
very cautious in interpreting low serum T levels. We suggest
the latter.

Diagnostic threshold: what should the serum T cut-off be for

the diagnosis of MH? Among the clinical practice guidelines,
the cut-off was variable and sometimes driven by studies
looking mainly at certain symptoms national (Table 1) [27,57-
60]. We suggest that individual laboratories engage with qual-
ity-control measures at a national level, aiming to achieve
standardized reference ranges, rather than for guideline-writ-
ers to impose arbitrary thresholds.

Interpretation of a borderline T level: should age-adjusted
ranges be adopted, or should the normal range derive from
healthy younger men? We can see the merits of both ap-
proaches; the important thing is for the derivation of the refer-
ence range (healthy men or “all-comers”; age-adjusted or
not?) to be clearly indicated on laboratory reports, as this will
necessarily affect their interpretation by clinicians.

To what extent should levels of LH or SHBG influence the in-
terpretation of serum total T; do free T calculations accurately

correlate with values directly measured by equilibrium dialy-
sis and does either measurement add extra diagnostic value?
We believe that a consistently raised LH level unequivocally
indicates Leydig cell insufficiency and, if associated with ane-
mia, low bone density, painful gynecomastia, or treatment- re-
fractory sexual dysfunction, merits consideration of testoster-
one treatment even when serum T is in the lower quartile,
rather than being frankly below range. We also believe calcu-
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lated free-T to be a useful adjunct to clinical decision-making
when the SHBG level is an “outlier,” although we do not nec-
essarily consider it to accurately reflect biochemical reality at
tissue level.

Hct: what is the threshold value above which testosterone
treatment is contraindicated and what is the maximum tolerat-
ed value on treatment and is venesection a safe and reasonable
alternative to testosterone dose-reduction? We do not general-
ly consider initiating testosterone treatment in men with Het
=48%, and would always titrate treatment so as to maintain it
<50%, even if this means accepting a lower serum T value.
This strategy has enabled us to avoid referring patients for ve-
nesection.

CV disease: do concerns only apply to men with frailty- or
obesity-associated HH/NGI treated with testosterone, or also
to men with organic, syndromic, or pathological MH? We
strongly believe the former to be the case.

Prostate safety: is there any value in monitoring prostate safe-
ty for men having a verified diagnosis of MH and treated with
testosterone, above any beyond the recommended level of
screening in the background male population, and if so, does
performing DRE offer any greater benefit than measurement
of serum PSA level? Although firmly believing that greater
interdisciplinary consensus is required in this area, we do not
routinely perform DRE in our patients, but we do monitor
PSA.

Old age: with increasing numbers of men surviving into their
9th and 10th decades, is there any chronological age above
which concerns arise in respect of testosterone prescribing,
even with a verified diagnosis of organic, syndromic, or path-
ological MH? In the absence of a ubiquitous male “andro-
pause,” and with the overwhelming majority of older men
broadly maintaining Leydig cell sensitivity to LH, we can en-
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visage no upper age limit for prescribing testosterone when
MH has been accurately diagnosed.

* T2DM: given the strong association with PH, is there a causal
relationship between T2DM and PH and what is the direction of
causation? Unfortunately, research in the area of MH and T2DM
has overwhelmingly focused on HH/NGI, rather than PH.
Finally, it is estimated that patients with chronic diseases end

up delivering the major proportion of their overall medical care,
by keeping track of and attending appointments, attending for
monitoring bloods, requesting and collecting drug prescriptions,
reporting clinical responses and adverse effects, and adhering to
lifestyle guidance. For many other chronic diseases, patients are
increasingly contributing to guidance, but with notable excep-
tions [61] the patient experience of treatment in MH—frequent-
ly preceded by a prolonged diagnostic odyssey—is not well-
represented in guidance.

CONCLUSIONS

Current national and international guidelines relating to MH are
remarkably heterogeneous in respect of diagnostic, treatment
and monitoring criteria. Indeed, several guidelines do not even
refer to MH as such, but rather to “testosterone deficiency.”
Specifically, for men having low serum T associated with low
or “inappropriately normal” gonadotropins (a biochemical fin-
gerprint that is shared by both HH and NGI) guidelines vary
hugely in the degree to which further evaluation for underlying
local or systemic co-morbidities in indicated in order to identify
a proximate cause or overarching diagnosis.

There are also major variances as to whether “functional HH”
(or NGI) associated with obesity and metabolic syndrome
should be considered for testosterone therapy, whether as a first-
line treatment, second-line after lifestyle change, or not at all.
Crucially, although testosterone ameliorates some surrogate
markers of CV risk such as lean body mass and biochemical
metabolic profiles and also improves bone density and hemato-
crit, it does not greatly improve sexual function, physical or
mental vitality. Indeed, there are persisting concerns relating to
CV disease that may relate to a counterbalancing risk arising
from greater propensity to arterial thrombosis with rising hema-
tocrit.

At the same time, many men with organic MH, who would be
expected to benefit from testosterone treatment, continue to re-
main undiagnosed and untreated due to deficient basic and post-
graduate medical training in sexual medicine. Indeed, the voices
and perspective of patients affected by MH have been conspicu-
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ously lacking in relation to the process of drafting guidance.

We hope this review will allow clinicians to navigate the field
of MH with greater confidence and, thereby, offer the most ap-
propriate and safe advice and management subject to limitations
of the existing evidence base.
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