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Abstract Opioid-induced androgen deficiency (OPIAD) was
initially recognized as a possible consequence of opioid use
roughly four decades ago. Long-acting opioid use carries risks
of addiction, tolerance, and systemic side effects including
hypogonadotropic hypogonadism with consequent testoster-
one depletion leading to multiple central and peripheral ef-
fects. Hypogonadism is induced through direct inhibitory ac-
tion of opioids on receptors within the hypothalamic-pituitary-
gonadal (HPG) and hypothalamic-pituitary-adrenal (HPA) ax-
es as well as testosterone production within the testes. Few
studies have systematically investigated hormonal changes
induced by long-term opioid administration or the effects of
testosterone replacement therapy (TRT) in patients with
OPIAD. Clomiphene citrate, a selective estrogen receptor
modulator (SERM), is a testosterone enhancement treatment
which upregulates endogenous hypothalamic function. This
reviewwill focus on the pathophysiology, diagnosis, andman-
agement of OPIAD, including summary of literature evaluat-
ing OPIAD treatment with TRT, and areas of future
investigation.

Keywords Hypogonadism . Opioid-induced androgen
deficiency . Low testosterone . Testosterone replacement
therapy . Chronic pain

Introduction

Opioids are among the most frequently prescribed analgesic
drugs which may lead to multiple side effects including
hypogonadotropic hypogonadism with central (decreased at-
tention, decreased libido, fatigue, depressive state) and periph-
eral effects (muscle hypotrophy, osteoporosis, anemia, erectile
dysfunction, delayed ejaculation) [1, 2]. Opioid use and abuse
has been a societal issue since 3400 B.C. with Sumerians of
Mesopotamia with spread to all major civilizations through
present times [3]. The use of long-acting opioids, including
morphine sulfate, oxycodone, fentanyl, and methadone, al-
though effective for pain control, carries risks of addiction,
tolerance, and systemic side effects including nausea, itching,
constipation, and hypogonadotropic hypogonadism with con-
sequent testosterone depletion leading to multiple central and
peripheral effects affecting men and to some lesser extent
women (although men will be the focus of this review).
Although opioid-induced androgen deficiency (OPIAD) oc-
curs with high frequency and persistence, the condition fre-
quently remains undiagnosed in the pain clinic [4, 5].

As the opioid prescription rate continues to increase for
chronic non-malignant and malignant pain syndromes, the
rates of associated adverse effects including opioid-induced
androgen deficiency (OPIAD) continue to increase. OPIAD,
detailed decades ago, was further described in 1973, when it
was observed that males abusing opioids had lower sexual
function, libido, and lower levels of serum sex hormones than
peers not abusing such illicit substances [6, 7]. There are no
official clinical guidelines for diagnosis or treatment of
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opioid-induced androgen deficiency from the American
Urological Association or other professional societies.
Hypogonadotropic hypogonadism (incidence cited between
21 and 86% among patients with chronic opioid use) typically
occurs within several hours to weeks of treatment initiation
(doses >100–200 mg of oral morphine equivalents per day)
with eventual castrate testosterone levels [8] seen in a dose-
dependent manner [1, 9, 10]. Once opioid treatment is ceased,
testosterone may recover within 24 to 72 h, but hypogonadism
may persist for months or even years depending on chronicity
of opioid use [11–13].

The causes, pathophysiology, and implications of OPIAD
are striking and pertinent in the current milieu of widespread
and increasing rates of opioid prescription and abuse [14, 15].

Hypogonadotropic hypogonadism in the setting of concom-
itant OPIAD and chronic pain may be consideredmultifactorial
in etiology. In addition to opioid effects on the HPG axis, the
experience of chronic pain itself has also been associated with
androgen deficiency, confounding the association of low tes-
tosterone with opioid pain medication use and raising the ques-
tion of whether androgen deficiency is also associated with
pain sensitivity and perception [16, 17]. Further, opioids can
themselves induce a state of hyperalgesia, characterized by
increased sensitivity to pain rather than pain relief—an effect
not thoroughly understood to date. In those who are androgen
deficient, replacement therapy may lead to an improvement in
this state of increased nociception [18]. It has also been postu-
lated that certain opioid medications are more likely to induce
androgen deficiency than others, although some authors have
questioned this theory [19–22].

Several clinical studies have evaluated treatment strategies for
those diagnosed with OPIAD, discussed in this review, although
additional prospective trials are needed to determine the most
effective management protocol. OPIAD serves as a further impe-
tus driving health systems and the federal government to advocate
reform in the prescribing practices of opioids for chronic pain
[23]. This is vitally important especially considering the dramatic
increase of opioid prescribing and abuse that has been observed in
recent years [24]. Patients require education from physicians re-
garding the impact that opioidsmay have on the endocrine system
with particular emphasis on androgen deficiency and associated
symptoms. The current understanding and recommendationswith
regard to the incidence, pathophysiology, diagnosis, and treatment
of OPIAD will be detailed in this review.

Methods

A PubMed (PMID) search was undertaken using the following
MeSH terms and included all English language publications
between dates of 1/1960 and 5/2016: Banalgesics, opioid
AND testosterone,^ Banalgesics, opioid AND hypogonadism,^
Bpain AND testosterone,^ Bpain AND hypogonadism,^

Banalgesics, narcotic AND testosterone,^ and Banalgesics, nar-
cotic AND hypogonadism.^ PMID searches of Bopioid in-
duced androgen deficiency^ and Bopioid associated androgen
deficiency^ were also undertaken specifically within the afore-
mentioned time period. Finally, an unrestricted PMID search of
the phrase Bopioids AND hypogonadism AND testosterone^
without exclusion criteria or time limitation was performed to
increase the yield of prospective trials previously published for
the treatment of OPIAD with exogenous testosterone. Studies
deemed pertinent to opioid-induced androgen deficiency were
included in this review, with particular emphasis placed on
prospective trials evaluating the effectiveness of TRT in
treating this condition.

Incidence

The prevalence of OPIAD had been described as high as 90%
among those receiving chronic opioid therapy in one study, in
which 40 patients with a history of cancer were studied: 20
patients received chronic opioids and the others received no
opioids. Ninety percent (18/20) of those taking opioids expe-
rienced symptoms of hypogonadism with laboratory evalua-
tion of median luteinizing hormone (LH) and testosterone
significantly lower than those not taking these medications
(95 % CI 65–98 %). Forty percent (8/10) of those not taking
opioids were found to be hypogonadal (95 % CI 19–64 %)
[10]. The incidence of OPIAD is expected to be higher than
any reported figure as the clinical signs and symptoms may go
unrecognized in the absence of routine laboratory testing [15].
A more recent study elucidated the prevalence of
hypogonadism in a population of 81 males with chronic pain
on opioids to be 53 % (defined as total T <250 ng/dl) [21]. A
2011 study reported the estimated United States prevalence of
OPIAD to be >5 million men with non-malignant pain [25].

Pathophysiology

Central Inhibitory Effects of Opioids

The pathophysiology of OPIAD has been well established to
date and has been shown to be multifactorial. Morphine and
morphine-like peptides produce their analgesic effect mainly
through mu (μ) receptors, which exist predominantly presyn-
aptically in the periaqueductal gray region, medial preoptic
area, ventromedial hypothalamus, and superficial dorsal horn
of the spinal cord. Opioids bind to mu receptors in the hypo-
thalamus, inhibiting the production and release of GnRH, thus
decreasing LH and follicle-stimulating hormone (FSH) secre-
tion from the anterior pituitary. Subsequently, testosterone is
decreased with consequences described above [9, 26–29].
Pulse frequency can be returned to normal by co-
administration of opioid antagonists in adult men, and opioid
antagonists increased LH pulse frequency when given
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independently [30, 31]. FSH may be less affected or not affect-
ed compared to LH [32]. The effect may be different using
different routes, types, and dosages of opioid medications with
more pronounced effects from intrathecal opioids than oral
agents.

Studies indicate that central opioid mu receptor stimulation
prevents penile erection by inhibiting mechanisms via central
oxytocinergic neurotransmission [33]. In rats, morphine
injected into the paraventricular nucleus inhibits non-contact
penile erections and impairs copulation. These consequences
of morphine are mediated by prevention of increased nitric
oxide production occurring in the paraventricular nucleus dur-
ing sexual activity [34]. Morphine also prevents apomor-
phine-, oxytocin-, NMDA- and non-contact-induced penile
erection by inhibiting NOS activity in the paraventricular nu-
cleus [35].

Additional Endocrine System Inhibition by Opioids

In addition to affecting the hypothalamic-pituitary gonadal
(HPG) axis, opioids interfere with the hypothalamic-pituitary
adrenocortical (HPA) axis through decreasing the responsive-
ness of the anterior pituitary to CRH and inhibition of DHEAS
production through direct activity in the adrenal gland
[36–38]. Acute and chronic opioid use also is known to in-
crease serum prolactin [39], decreased GH [9], increased TSH
[40], and inhibit ACTH secretion [41] in humans, but has not
been found to affect thyroid function tests. HDL has also been
shown to be significantly decreased with chronic opioid use
[9]. These fundamental principles had been elucidated over
the course of the last few decades [7, 42].

Peripheral Inhibitory Effects of Opioids

Opioids inhibit spermatogenesis and testosterone production
through direct activity in the testes [28, 29, 31, 43–46]. Mu
opioid receptors have been identified in human spermatozoa,
predominantly in the plasmamembrane of the sperm head and
middle tail regions [47]. Additionally, opioid peptides (endor-
phins and enkephalins) are found in semen and in sperm,
while enzymes for degradation of opioids are present in hu-
man semen [48, 49]. Endogenous opioids (met-enkephalin, B-
endorphin) and exogenous opioids (morphine) are recognized
to diminish sperm motility in vitro via opioid receptors [50,
51]. Chronic heroin users have been identified to have de-
creased sperm motility on semen analysis [52]. An evaluation
of 140 males with chronic opioid use revealed significantly
decreased sperm concentration (22 vs. 66 million/ml), in-
creased DNA fragmentation (36 vs. 27 %), and significantly
decreased levels of catalase-like and superoxide-dismutase
activity when compared with healthy age-matched volunteers
[53]. The direct effect of opioid peptides on sperm and fertility
still requires additional investigation.

Effect of Opioids on Bone Mineral Density

Although hypogonadism itself may result in decreased bone
mineral density (BMD), other mechanisms related to opioids
themselves have been investigated [54]. In one study, not only
were all three opioid receptors identified in murine osteo-
blasts, but introduction of morphine caused a decreased pro-
duction of osteocalcin, a protein associated with osteoblastic
activity [55]. Interestingly, recent work demonstrated the role
osteocalcin plays in the production of testosterone as well as
the so-called bone-testis axis [56]. Osteocalcin appeared to be
positively correlated with total testosterone. In the same study,
testosterone was associated with blood alkaline phosphatase
and C-terminal telopeptides of type 1 collagen, markers of
bone activity [57].

A recent cross-sectional study by Gotthardt et al. in
Switzerland identified decreased BMD in patients with chron-
ic (>10 years) opioid dependency (n = 144) compared to a
control group (n = 35) (0.929 ± 0.129 vs. 1.220 ± 0.134,
p < 0.01). Further, the rates of osteoporosis, osteopenia, and
low bonemass were increased in the study arm vs. control (31
± 29.2 vs. 0 % (p = 0.006), 51 ± 48.1 vs. 8 ± 34.8 % (p =
0.021), and 25 ± 65.8 vs. 5 ± 41.7 % (p < 0.001), respective-
ly). Free testosterone was also identified to play an indepen-
dent role bone mass in this study population on multivariate
analysis (β estimate 0.000241, p = 0.0201), thus highlighting
its importance as a determinant in bone health [58]. These data
are concerning and as previously discussed and are likely due
to associated hypogonadism and direct inhibitory effects on
the bone observed in those taking chronic opioids. The impor-
tance of TRT in patients with osteoporosis and hypogonadism
is well established, with improvements observed in outcomes
such as fertility and bone mineral density, among others [59•].

Results

A total of 428 unique publications were acquired through the
methods previously described, of which only one prospective
randomized double-blinded placebo-controlled trial was iden-
tified, yielding two published studies [60••, 61••]. Two other
prospective trials were published in 2006 and 2011 and were
included in this review [42, 62]. Two additional studies eval-
uating the effects of exogenous testosterone supplementation
in the treatment of OPIAD, published in 2012 and 2015, were
also identified [59•, 63•]. Table 1 outlines the study design and
results of the primary studies identified.

The testosterone and pain (TAP) trial conducted by Basaria
et al. was a double-blinded placebo controlled prospective trial
that sought to elucidate the effectiveness of testosterone in the
formulation of 5 g 1% gel in those with OPIAD, as defined by
morning serum testosterone <350 ng/dl (higher testosterone
threshold than some society recommendations described
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herein). Of those completing the trial, 36 patients received
TRT while 29 did not. At 14 weeks, the treatment group ex-
perienced statistically significant increases in serum total and
free testosterone (p < 0.01) and sexual function (p = 0.05) with
decreased fat mass (p = 0.01). The treatment group also expe-
rienced significantly improved tolerance to pain, specifically
with thumb pressure stimulus (p = 0.03) and graded mechan-
ical pinprick stimulus (p = 0.05). Initial tolerance to trapezius
pressure stimulus and hand cold stimulus, as well as pain
intensity 30 s after cold stimulus exposure, was also improved
in the treatment group although the results were not significant
(p = 0.07, 0.41, and 0.08, respectively). Brief pain inventory
(BPI) scores, total and specifically regarding pain interference,
were lower in the treatment arm although again the results
were not significant (p = 0.38 and 0.21, respectfully) [60••].

Huang et al. studied 64 patients from the TAP trial with
regard tometabolic and inflammatorymarkers in the setting of
testosterone supplementation. This study examined the safety
profile of TRT in the setting of OPIAD. The authors found no
significant difference in total cholesterol, LDL cholesterol,
triglycerides, HbA1c, fasting glucose, fasting insulin,
adiponectin, leptin, and C-reactive protein (CRP) between
those receiving testosterone (n = 36) and those who were not
(n = 28) after 3 months. The authors did note that cardiovas-
cular risk was not assessed in their study, however, and advo-
cated for future studies to better elucidate this endpoint [61••].

Finch et al. examined the effect of hypogonadism on bone
mineral density in the setting of chronic intrathecal opioids in
2015. Twenty-seven males with chronic pain, 11 being treated
for hypogonadism with testosterone supplementation and 16
not being treated, were evaluated by dual-emission X-ray ab-
sorptiometry (DEXA) and had their serum baseline total, free
testosterone, and sex hormone-binding globulin (SHBG)mea-
sured. Both T and Z scores for those receiving testosterone
were higher than those not receiving such supplementation
(p = 0.006 and 0.02, respectfully). Serum T and free T were
higher, and SHBG was lower in those receiving testosterone
(p = 0.001, 0.005, and 0.019, respectively) [59•].

Pain vs. Opioid Medication

There is evidence that the experience of pain itself may be
associated with hypogonadism, independent of opioid use.
Endogenous opiates play a major role in regulation of gonad-
otropins, through a tonic inhibitory control [26]. Endogenous
opioids such as B-endorphin modulate GnRH pulse amplitude
and frequency by presynaptic inhibition of GnRH terminals in
the median eminence and interaction with adrenergic neuro-
transmission, respectively. It is not well established if in-
creased sensitivity to pain is caused by low testosterone or
alternatively is due to pain mediators inhibiting the production
of androgens. In one study, blood plasma factors were evalu-
ated between patients with chronic prostatitis/chronic pelvicT
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pain syndrome (CP/CPPS) (n = 32) and patients without CP/
CPPS (n = 37). Baseline testosterone was found to be lower in
those with CP/CPPS (6.18 ± 2.28 vs. 6.93 ± 1.66 ng/ml, p =
0.014). When controlling for patients with underlying comor-
bidities, the effect was again observed (p = 0.047) [16].

It may also be postulated that increased sensitivity to pain,
related to low testosterone, leads to increased pain medication
requirements, further propagating androgen deficiency. A
consistent dose-response effect does not appear to be fully
elucidated to date, however [11]. Rubinstein et al. confirmed
that the risk of androgen deficiency is higher in those taking
long-acting (57.0 %, 351/616) vs. short-acting (35.1 %, 340/
969) opioids (p < 0.001, OR 3.39, 95 % CI 2.39–4.77) and
with a dose increase, but this latter effect was observed more
so in short-acting (OR 1.16, 95 % CI 1.09–1.23) than long-
acting (OR 1.01, 95 % CI 1.01–1.02) opioids [22].

Diagnosis

There are no strict evidence-based guidelines regarding the
diagnosis of OPIAD, with many of the sequelae of this con-
dition unrecognized or attributed to chronic pain [15].
Testosterone deficiency diagnosis must be based on symp-
toms and serum testosterone levels measured by initial and
repeat morning total testosterone level by a reliable assay with
free testosterone and SHBG as indicated by clinical circum-
stances [64]. According to the International Congress of
Sexual Medicine (ICSM) and Endocrine Society guidelines,
generally accepted lower limit of normal total testosterone is
300 [64] to 350 ng/dl [65], while those with total testosterone
<230 ng/dl usually benefit from testosterone treatment [65].

Bawor et al. performed a meta-analysis of the data surround-
ing decreased testosterone in those taking opioids and promoted
the measurement of baseline testosterone when commencing
opioid therapy in addition to testosterone monitoring throughout
the treatment course. In their meta-analysis, the authors identified
significantly lower total testosterone in males on opioids (n =
607) when compared to those not on opioids (n = 1417) (mean
difference =−164.89, 95%CI −245.47–84.08, p < 0.0001) [20].
In the event that testosterone suppression is evident through lab-
oratory analysis, it may then be appropriate to commence treat-
ment given the negative sequelae of androgen deficiency [1, 11].
Table 1 outlines the baseline testosterone of patients included in
studies evaluating the effect of supplemental testosterone in
treating OPIAD.Healy et al. recommendedmorning serummea-
surement of total testosterone with repeated measurement if ab-
normal and follow-up testing with free testosterone, SHBG, LH,
FSH, and prolactin to increase diagnostic precision. The authors
reported the normal total testosterone range as 300–800 ng/dl,
similar to the accepted workup for low testosterone of any cause
[66]. Given the high prevalence of opioid use, it would be un-
reasonable to assess androgen deficiency through measurement
of testosterone in all patients. Thus, an alternative approach could

be to screen all patients taking opioids for androgen deficiency
with the validated 10-question androgen deficiency in aging
males (ADAM) questionnaire with follow-up laboratory assess-
ment (morning testosterone) if positive [67]. If low morning
testosterone is identified and confirmed, additional hormones
may be evaluated (depending on clinical scenario) including
LH, FSH, estradiol, and prolactin.

Treatment

As displayed in Table 1, testosterone replacement therapy
(TRT) has been assessed in OPIAD with varying preparations
in small retrospective studies and few prospective studies
(fewer than 280 patients) with beneficial effects on serum
testosterone and QoL [9, 42, 6263•]. The majority of patients
evaluated in these studies were suffering from chronic non-
malignant pain; this was explicitly stated in all but the Blick
et al. study. TRT has been shown to improve several parame-
ters related to hypogonadism seen in OPIAD. Table 2 outlines
the quality of life and symptom improvements studied in tes-
tosterone replacement therapy (TRT) trials previously de-
scribed and demonstrates potential benefit to depression,
erectile/sexual dysfunction, and pain perception. However,
there is need for more consistent usage of validated question-
naires to assess multiple quality of life outcomes in both non-
malignant and malignant pain syndromes.

While first-line treatment for low testosterone includes diet
and exercise [68] and decreasing opioid dosage, in many
cases, opioid medication cannot be stopped completely. In
patients with symptomatic hypogonadism with persistently
low testosterone that meets guideline criteria, testosterone re-
placement should be considered; however, the optimal testos-
terone preparation for OPIAD treatment has yet to be deter-
mined. Transdermal gels and patches as well as injection ther-
apy have been studied and found to be effective as described
in Table 1 similar to studies of hypogonadal men without pain
and chronic narcotic use [63•, 64]. There have been no com-
prehensive comparisons between different preparations of
TRT in OPIAD, and the dosage is determined based on stan-
dard accepted guidelines according to serum parameters and
patient symptoms. The safety of testosterone supplementation
in the setting of OPIAD was reviewed in one recent study
[61••] and is likely similar to TRT safety in other populations
with required full discussion of risk/benefit profile and con-
traindications [69–74]. The benefits of TRT in OPIAD may
outweigh potential risks in many circumstances given the sig-
nificant morbidity and quality of life (QoL) issues potentially
facing those with hypogonadism, chronic pain, and chronic
opioid use. Alternative pain regimens, such as non-steroidal
anti-inflammatory drugs (NSAIDs), should especially be con-
sidered in patients in whom risks outweigh benefits of testos-
terone treatment [75]. There also appears to be promise related
to decreased pain requirements in those receiving TRT as
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increased tolerance to painwas observed in the TAP trial in the
treatment arm—this effect should be investigated in future
randomized trials [60••]. The management plan for patients
with complex clinical scenarios should be formulated by a
multidisciplinary team including urology and pain manage-
ment physicians.

Follow-up monitoring for patients being treated with
TRT includes baseline assessment of total T and free T,
complete blood count (CBC), prostate-specific antigen
(PSA), estradiol, LH, FSH, and prolactin, with regular

interval serum measurements of total testosterone, CBC,
PSA, and estradiol, initially between 3 and 6 months after
commencing treatment and every 3–12 months thereafter,
in a similar fashion to clinical practice guidelines pub-
lished by the Endocrine Society in 2010 [64]. Frequent
and serial administration of the ADAM questionnaire and
sexual health inventory for men (SHIM) may be incorpo-
rated to assess treatment response.

Another OPIAD treatment option could be to cycle differ-
ent opioids, to incorporate non-opioid treatments, or to avoid

Table 2 Validated instruments and selected outcomes of TRT measured in patients with OPIAD

Validated instruments
implemented

Selected outcomes Rx difference
(TRT vs. CTR or baseline)

p value

Basaria et al.
2015 [60]

Brief pain inventory (BPI) Total score −0.59 0.38

International index of erectile
function

BPain interference score^ −0.59 0.21

Sexual desire 1.07 0.05

Erectile function 0.36 0.84

Medical outcomes short study
form-36

BRole limitations due to
emotional problems^

20 0.08

Social functioning 5.07 0.28

BRole limitations due to
physical health^

9.35 0.27

Blick et al.
2012 [63]

Brief male sexual function
inventory (BMSFI)

Sexual function (1 month) 3.8 ± 1.8 0.04

Sexual function (6 months) 7.6 ± 2.0 <0.001

Sexual function (12 months) 6.7 ± 2.2 0.003

Patient health questionnaire
(PHQ-9)

Depression index (1 month) ∼−2 ± 1 0.02

Depression index (6 months) ∼−3 ± 2 0.002

Depression index (12 months) ∼−6 ± 2 <0.001

Aloisi et al.
2011 [62]

Visual analogue scale (VAS) Pain (12 months) ∼−2.86 Not reported
(not statistically significant)

Italian pain questionnaire (QUID) Total pain (12 months) ∼−20.58 <0.01

Margolis method (% body surface
area pain)

Pain (12 months) ∼0.22 Not reported
(not statistically significant)

Aging Males’ Symptoms scale
(AMS) questionnaire

BSexual^ component^
(12 months)

∼−3.72 (improved) <0.03

Profile of mood state (POMS) BDepression-Dejection^
component (12 months)

∼1.58 Not reported
(not statistically significant)

Center for Epidemiological
Studies Depression Scale
(CES-D)

Depression index (12 months) ∼1.57 Not reported
(not statistically significant)

Short form health survey (SF-36) BMental Index^ (12 months) ∼9 <0.04

Daniell et al.
2006 [36]

Androgen deficiency symptoms
questionnaire (ADSQ)

Decreased libido
(weighted, 24 weeks)

∼−4.9 (improved) <0.001

Erectile dysfunction
(weighted, 24 weeks)

∼−4.8 (improved) <0.01

Watts sexual function
questionnaire for men
(Watts SFQ)

Total score (24 weeks) ∼11.4 (improved) <0.001

Psychological general well-being
index (PGWB)

Total score (24 weeks) ∼16.6 < 0.01

Beck depression inventory, second
edition (BDI-II)

Total score (24 weeks) −7 (improved) <0.01

Brief pain inventory-short form
(BPI-SF)

BSeverity Score^ (24 weeks) ∼− <1

BInterference Score^
(24 weeks)

∼−1 <0.05
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long-acting opioids— there is some evidence that certain opi-
oids may promote hypogonadism to a greater extent than
others. As discussed briefly earlier, Rubinstein et al. identified
a higher incidence of OPIAD in those taking long-acting
(74 %) rather than short-acting (34 %) opioids (OR 4.78,
95% CI 1.51–15.07, p = 0.008 after controlling for bodymass
index and dosage of medication), thus concluding that de-
creasing the prescription rate of long-acting opioids may be
of benefit in preventing androgen deficiency [21].
Additionally, novel pain medications with decreased effect
on gonadotropins may hold promise. Tapentadol, a combined
μ-receptor agonist and norepinephrine reuptake inhibitor, was
recently shown to decrease testosterone to a lesser extent than
pureμ-receptor agonists although the study was limited in that
serum hormones were measured after only 6 h and their sam-
ple size appeared to be without enough power to generate
statistical significance [19].

In a recent animal model, Moradi et al. studied the efficacy
of pentoxifylline on rats previously made dependent on mor-
phine in hormonal recovery. The authors noted a strong rise in
LH, FSH, and testosterone in the pentoxifylline arm compared
to rats receiving sucrose + morphine, and sucrose + mor-
phine + naltrexone (p < 0.001 in all cases). Rises of these re-
spective hormones were noted to be higher in the
pentoxifylline arm compared to the oral sucrose only arm
although not to statistical significance [76].

Future studies may focus on comparison of different opioid
regimens, testosterone therapies, and alternative treatments to
preserve fertility in randomized trials with QoL outcomes
measured by validated questionnaires. An alternative to tradi-
tional testosterone replacement includes clomiphene citrate
(CC), a selective estrogen receptor modulator (SERM), which
inhibits central estrogen feedback, and upregulates endoge-
nous hypothalamic function leading to increased LH, FSH,
and endogenous T levels as well as enhanced spermatogene-
sis. Although clomiphene citrate has been studied in
hypogonadal men with excellent efficacy and minimal side
effects, to our knowledge, there is one clinical trial examining
clomiphene citrate therapy in the setting of OPIAD [77].

Clomiphene citrate (CC) in the setting of OPIAD may be
especially beneficial for men desiring fertility preservation
with simultaneous treatment of low testosterone. In the senior
author’s experience, excellent responses have been noted in
clinical practice with improved QoL and semen analysis find-
ings without adverse effects in men with OPIAD (Wosnitzer
MS. Unpublished clinical communication. 2016.). CC is ap-
proved by the Food and Drug Administration (FDA) for treat-
ment of ovulatory dysfunction in females desiring pregnancy
and is included in the American Society Reproductive
Medicine guidelines [78]. CC has not been submitted to the
FDA for investigation of infertility or hypogonadism in men,
and subsequently is not FDA-approved for these indications.
CC, however, has been incorporated into urologic clinical

practice for treatment of these conditions, with demonstrated
biochemical and clinical efficacy for the treatment of
hypogonadism and avoidance of the negative effects on the
hypothalamic-pituitary-gonadal (HPG) axis (decreased
GnRH, LH, FSH), which characterize exogenous testosterone
therapy [79–85]. Given suppression of the HPG axis in
OPIAD, clomiphene citrate is a logical treatment consider-
ation. In addition, CC has positive effects with few side effects
reported with low dosage utilized in men [82]. Specifically,
CC has shown benefit in male infertility including oligozoos-
permia, and non-obstructive azoospermia [86], with potential
improvement in microdissection testicular sperm extraction
(micro-TESE) outcomes for non-obstructive azoospermia
[87, 88] described in the literature. Follow-up monitoring for
patients being treated with CC therapy is similar to that de-
scribed for exogenous TRTabove with baseline labs and serial
3–12-month lab follow-up testing.

Conclusion

Opioid prescribing and abuse are widespread concerns today.
The use of long-acting opioids carries risks of addiction along
with systemic side effects including hypogonadotropic
hypogonadism (opioid-induced androgen deficiency) with
significant prevalence and associated morbidity. Physicians
should monitor for OPIAD and associated sequelae during
opioid treatment. Patients should be educated regarding the
impact that opioids may have on the endocrine system with
particular emphasis on androgen deficiency and associated
symptoms. Diagnosis is extrapolated from accepted society
guideline thresholds for testosterone deficiency. Treatment op-
tions include testosterone replacement therapy with transder-
mal or injection preparations. Selective estrogenic receptor
modulators (SERMs) such as clomiphene citrate may be con-
sidered as an alternative for men with fertility concerns. There
is a paucity of prospective trials defining the most effective
management strategies for those diagnosed with OPIAD.
Available studies indicate that testosterone replacement thera-
py is effective and safe in studies of men with OPIAD. In
addition to OPIAD treatment, alternatives to opioid medica-
tion, including NSAIDs, novel agents, or medication reduc-
tion, should be incorporated into pain management regimens
when feasible. Larger prospective, randomized, double-
blinded and placebo-controlled studies should be undertaken
in an effort to develop potential consensus criteria for OPIAD
diagnosis and management. These studies should implement
validated questionnaires to address baseline and post-
intervention outcomes related to quality of life, sexual desire,
erectile function, libido, fertility, and pain perception. A mul-
tidisciplinary care team is the optimal approach for OPIAD
management.
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