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The Impact of Opioids on the Endocrine System
Nathaniel Katz, MD, MS* and Norman A. Mazer, MD, PhDw

Objectives: Opioids have been used for medicinal and analgesic
purposes for centuries. However, their negative eﬀects on the
endocrine system, which have been known for some times, are
barely discussed in modern medicine. Therefore, we conducted a
systematic review of the impact of opioids on the endocrine system.
Methods: A review of the English language literature on preclinical
and clinical studies of any type on the inﬂuence of opioids on the
endocrine system was conducted. Preliminary recommendations
for monitoring and managing these problems were provided.
Results: Long-term opioid therapy for either addiction or chronic
pain often induces hypogonadism owing to central suppression of
hypothalamic secretion of gonadotropin-releasing hormone. Symptoms of opioid-induced hypogonadism include loss of libido,
infertility, fatigue, depression, anxiety, loss of muscle strength and
mass, osteoporosis, and compression fractures in both men and
women; impotence in men; and menstrual irregularities and
galactorrhea in women. In view of the increased use of opioids
for chronic pain, it has become increasingly important to monitor
patients taking opioids and manage endocrine complications.
Therefore, patients on opioid therapy should be routinely screened
for such symptoms and for laboratory abnormalities in sex
hormones.
Conclusions: Opioid-induced hypogonadism seems to be a common
complication of therapeutic or illicit opioid use. Patients on longterm opioid therapy should be prospectively monitored, and in
cases of opioid-induced hypogonadism, we recommend nonopioid
pain management, opioid rotation, or sex hormone supplementation after careful consideration of the risks and beneﬁts.
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‘‘(Opium) has kept, and does now keep down the population:
the women have fewer children than those of other
countriesythe feeble opium-smokers of Assamyare more
eﬀeminate than women.’’
Charles Alexander Bruce, ‘‘Report on the manufacture of tea
and on the extent and produce of the tea plantations in
Assam.’’ Calcutta, 1839.

O

pioids have been used for medicinal and analgesic
purposes for millennia, and today remain a critical
part of the medical armamentarium against pain, diarrhea,
cough, and other symptoms. Unfortunately, although
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barely discussed in the modern medical lexicon, opioids
have negative eﬀects on the endocrine system, which have
been observed for at least a century. These eﬀects (Table 1)
include decreased testosterone production in men, with loss
of libido and other expected eﬀects, and menstrual
irregularities and infertility in women. In view of the
increased use of opioids for chronic pain, it has become
increasingly important to recognize and manage their
endocrine complications.

PHYSIOLOGY OF OPIOID-ENDOCRINE
INTERACTIONS
The hypothalamic-pituitary-gonadal axis, which controls the production of the primary sex hormones,
testosterone (androgen) and estradiol (estrogen), begins
with the secretion by the hypothalamus of gonadotropin
releasing hormone (GnRH) (Fig. 1). GnRH stimulates the
pituitary gland to secrete luteinizing hormone (LH) and
follicle stimulating hormone (FSH). These 2 hormones are
released into the systemic circulation and stimulate the
gonads—the testes and ovaries—to secrete testosterone or
estradiol, respectively. It should also be noted that estradiol
is also secreted by the testes through the aromatization of
testosterone1 and that testosterone is secreted by the
ovarian theca cells.2 These sex hormones then exert a
negative feedback on the hypothalamus and pituitary to
control the secretion of GnRH, LH, and FSH. Testosterone
and estrogen support normal sexual and reproductive
development and behavior.
The hypothalamic-pituitary-gonadal axis is modulated
by a complex series of outside inﬂuences as well. Opioids
are one of a number of such inﬂuences. Evidence suggests
that opioids, both endogenous and exogenous, can bind to
opioid receptors primarily in the hypothalamus, but
potentially also in the pituitary and the testis, to modulate
gonadal function.3–8 Opioids have been shown to decrease
the release of GnRH or interfere with its normal pulsatility
at the level of the hypothalamus, resulting in a decreased
release of LH and FSH from the pituitary and a secondary
fall in gonadal steroid production, that is, hypogonadism.
Direct eﬀects of opioids on the testis, including decreased
secretion of testosterone and testicular interstitial ﬂuid,
have also been documented.9 Opioid receptors have also
been localized in ovarian tissue cultures and opioids have
been shown to directly suppress ovarian steroid production
in vitro.10 Opioids have been shown to increase pituitary
release of prolactin in preclinical studies,11 which, in turn,
decreases testosterone secretion, although (as indicated
below) prolactin secretion is generally not aﬀected in
clinical studies. Lastly, opioids have also been shown to
alter the adrenal production of dehydroepiandrosterone
(DHEA), an important precursor of both testosterone in
men and estradiol production in women.12
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TABLE 1. Endocrine Effects of Opioids
Central hypogonadism (also called secondary or hypogonadotropic
hypogonadism)
Decreased hypothalamic GnRH
Decreased pituitary LH, possibly FSH
Decreased adrenal DHEAS and testosterone
Decreased estradiol and progesterone (women)
Decreased testicular testosterone (men)
Possible cortisol deﬁciency
Possible growth hormone deﬁciency (men)
Eﬀects apply to both men and women unless otherwise noted.
DHEAS indicates dehydroepiandrosterone sulfate; FSH, follicle stimulating hormone; GnRH, gonadotropin releasing hormone; LH, luteinizing
hormone.

ENDOCRINE CONSEQUENCES OF OPIOID USE
Opioid-induced Hypogonadism in Animals
Investigations in animals have shown acute and
chronic eﬀects of opioids on the endocrine system,13
including a decrease in testosterone levels via central
reductions of LH release (decreased hypothalamic release
of LH releasing hormone leading to reduced pituitary
release of LH), and peripheral eﬀects on the testicle as
well.14–19 However, not all opioids have the same eﬀect on
testosterone levels: in rats, tramadol did not aﬀect plasma
testosterone levels and buprenorphine did not aﬀect brain
testosterone levels, whereas other opioids tested (morphine
and fentanyl) aﬀected both.20 Tramadol and buprenorphine
may not produce as much opioid hypogonadism as other
compounds because they are not pure m agonists and have
other properties: tramadol inhibits monoamine reuptake
and buprenorphine is a partial m agonist with potential k
antagonist features.21

Opioid-induced Hypogonadism in
Opioid-addicted Patients and in Patients
Treated for Addiction
Studies in heroin addicts have demonstrated an opioidmediated decrease in testosterone levels in males, with an
associated decrease in LH and/or FSH levels. The latter is
referred to as central, secondary, or hypogonadotropic
hypogonadism because it is caused by pituitary or hypotha-
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FIGURE 1. Interactions between opioids and the reproductive
endocrine system.
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lamic dysfunction.9,22–27 One of these studies showed that
testosterone levels had returned to normal 1 month after
cessation of heroin use, suggesting that the eﬀect of opioids
on the endocrine system is reversible.27 Several studies in
methadone-maintained male patients have shown decreased
testosterone and LH levels consistent with central hypogonadism. One of these studies26 showed a dose-response eﬀect,
in that patients on ‘‘low dose’’ methadone (10 to 60 mg/d)
had no evidence of testosterone level suppression, whereas
patients on ‘‘high dose’’ (80 to 150 mg/d) did. Another study9
demonstrated a peripheral eﬀect on the testicle, with
decreased secretion of testosterone and testicular interstitial
ﬂuid, and decreased sperm motility. One case series described
amenorrhea and galactorrhea in female heroin addicts.28
Another study29 compared the endocrine function of 17
men treated with buprenorphine for addiction, 37 treated
with high-dose methadone, and 51 healthy controls. Patients
treated with buprenorphine had a signiﬁcantly higher
testosterone and a signiﬁcantly lower frequency of sexual
dysfunction compared with patients treated with methadone.
The testosterone level of buprenorphine-treated patients did
not diﬀer from that of healthy controls. This is the ﬁrst study
suggesting that not all opioids may be alike in terms of
endocrine eﬀects in man, although it is not clear that
equivalent doses of methadone and buprenorphine were
compared in this study.

Opioid-induced Hypogonadism in Patients With
Chronic Pain on Opioid Therapy
In the pain arena, several studies of patients undergoing intrathecal opioid use for nonmalignant pain,
compared with patients with a comparable pain syndrome
not on opioid therapy, have documented hypogonadism
associated with low LH values and normal or low FSH
levels in both men and women.29–34 These laboratory
ﬁndings, which indicate hypogonadotropic hypogonadism,
were associated with decreased libido (men and women),
impotence in men, and irregular or absent menses (oligorrhea or amenorrhea) in women. Symptoms were reported to
have improved in most patients with hormone supplementation. In none of these studies were prolactin levels
elevated, suggesting that prolactin is not signiﬁcantly
associated with opioid-mediated hypogonadism in humans.
In premenopausal women, chronic oligorrhea or amenorrhea may lead to infertility, osteoporosis, and potentially
increased cardiovascular risk.35 In postmenopausal or
oophorectomized women, the opioid-induced reductions
in testosterone and adrenal DHEA levels may both
contribute to diminished libido and depressed mood.12
Three studies have been published on the eﬀect of longterm oral opioid therapy in men with chronic pain. In the
ﬁrst study,36 endocrine function was measured in 54 patients
on sustained-release opioids and in 27 healthy controls.
Hormone levels were much lower in opioid users than in
control patients in a dose-related pattern (P<0.0001 for all
comparisons). Total testosterone levels were subnormal in
74% of the opioid group, with an apparent dose-response
eﬀect. Of the men who reported normal erectile function
before opioid use, 87% reported severe erectile dysfunction
or diminished libido after beginning their opioid therapy. A
recent study from the same group showed clinically
signiﬁcant improvements in hypogonadal symptoms, sexual
function, and mood in men with opioid-induced androgen
deﬁciency (termed OPIAD37) who were treated with
transdermal testosterone patches.
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The second study38 showed abnormally low testosterone levels in cancer survivors taking opioids for chronic
pain. In a follow-up case-control study,39 20 cancer
survivors on opioids were compared with 20 matched
controls—cancer survivors not on opioid therapy. In the
opioid group, 90% exhibited hypogonadism, compared
with 40% in the control group. Median testosterone levels,
LH levels, but not FSH levels, were statistically signiﬁcantly
lower in the opioid group. Importantly, these laboratory
abnormalities were associated with clinically signiﬁcant
consequences: sexual desire (measured by the Sexual Desire
Inventory), anxiety and depression (measured by the
Hospital Anxiety and Depression Scale), and overall
quality of life [measured by the Functional Assessment of
Chronic Illness Therapy with general and fatigue subscales
(FACT-G/FACIT-F)] were all signiﬁcantly lower in the
opioid group than in the controls.
A recent study showed that women consuming
sustained-action oral or transdermal opioids for the control
of noncancer pain have a decrease in FSH and LH
accompanied with a profound inhibition of ovarian sex
hormones (estradiol) and adrenal androgen [testosterone
and dehydroepiandrosterone sulfate (DHEAS)] production.40 A decrease in DHEAS was also found in men taking
opioids for nonmalignant pain, suggesting that opioids may
also decrease adrenal function.12

Hypogonadism and Pain Sensitivity
Interestingly, 1 preclinical study in rats41 demonstrated that reducing testosterone levels by castration
signiﬁcantly increased sensitivity to pain (as measured by
2 standard assays—the tail ﬂick and hot plate tests). This
increase in pain sensitivity was reversed by testosterone
supplementation. Other preclinical studies have demonstrated that hypogonadism can interfere with the antinociceptive actions of opioids, although the eﬀects are not
entirely consistent across studies.42 These observations raise
the hypotheses that the phenomena of opioid-induced
hyperalgesia and even of opioid tolerance in man may be
in part accounted for by (1) increased pain sensitivity
produced by hypogonadism or (2) interference with opioid
analgesia by the reduction in gonadal hormones. The only
evidence to our knowledge addressing these issues in
humans is quite indirect. A randomized placebo-controlled
study43 was conducted to evaluate the eﬃcacy of transdermal testosterone versus placebo in 53 female patients with
AIDS wasting syndrome (a syndrome associated with
markedly decreased serum androgen levels). Pain scores
were captured incidentally with the pain item on the SF-36
quality of life survey. A trend toward improved pain score
(P = 0.059) was observed in 1 of the 2 testosterone
treatment groups compared with placebo.

Opioid Effects on Other Endocrine Functions
Several studies have examined the possibility of opioidinduced alterations of other endocrine functions. In general,
it does not seem that opioids alter thyroid function in any
meaningful way.44,45 Opioids have been found in several
studies to decrease cortisol levels and cortisol responses to
adrenocorticotropic challenges29,46,47; however, the clinical
signiﬁcance of this is unclear. Interestingly, in 1 study, 15%
of patients developed hypocortisolism and 15% developed
growth hormone deﬁciency.29 Although 1 patient with
hypocortisolism developed an Addisonian crisis, the clinical
consequences of low cortisol levels observed in several
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studies of opioid therapy have not been established.
Hypogonadism from any cause has also been shown to
aﬀect the serum lipid proﬁle in men, although the
consistency and clinical importance of these eﬀects is
uncertain.48
In summary, a number of lines of evidence in animals
and humans (including the settings of opioid addiction,
opioid addiction treatment, intrathecal opioids, and oral
opioids for chronic pain) clearly demonstrate that opioids
suppress gonadal hormone secretion in males and females.
Opioids seem to mediate their eﬀects on gonadal hormones
primarily via central mechanisms (acting on the hypothalamus and pituitary), although a peripheral component
may be involved as well. Some studies have found a doseresponse eﬀect of opioids on the endocrine system, with
increasing opioid doses resulting in increased testosterone
suppression. OPIAD seems to have important clinical
consequences, including decreased sexual desire and performance, increased anxiety and depression, and reduced
quality of life. Preclinical data suggest that it may also be
associated with increased pain sensitivity (which could
counteract the analgesic eﬀects of opioids). On the basis of
limited data, these opioid eﬀects seem reversible. Opioids
also in some studies seem to aﬀect the endocrine system in
other ways, including decreasing cortisol and growth
hormone levels (Table 2). Interestingly, all opioids may
not have the same eﬀect on the endocrine system as
buprenorphine did not seem to aﬀect testosterone levels in 1
clinical study.

DIAGNOSIS OF OPIOID-INDUCED
ENDOCRINOPATHY
The signs and symptoms of hypogonadism are well
known (Table 2) and include decreased libido, tiredness,
depressed mood, hot ﬂashes or night sweats, loss of muscle
mass and strength, infertility, and osteoporosis and
fractures in men and women; decreased erectile dysfunction
in men; and abnormal menses in women.5,32,49–51 In women
with low testosterone levels, decreased libido may be
reﬂected by a decrease in sexual thoughts, fantasies, sexual
receptivity and activity, arousal, orgasm, and pleasure.52,53
However, many of these symptoms are also widespread in
patients with chronic pain.54–57 Thus, in patients on opioids
for chronic pain, these symptoms, if elicited at all, may be
attributed to the chronic pain and its associated conditions,
and the possibility of hypogonadism not entertained.
Therefore, all patients on opioid therapy for chronic pain

TABLE 2. Symptoms of Hypogonadism
Decreased libido
Erectile dysfunction (men)
Infertility
Depression and anxiety
Decreased muscle mass and strength
Tiredness or fatigue
Hot ﬂashes and night sweats
Amenorrhea, irregular menses, galactorrhea (women)
Osteoporosis and fractures
Pain?
Decreased opioid eﬀect?
Eﬀects apply to both men and women unless otherwise noted.
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should be assessed prospectively for symptoms that could
be potentially related to opioid-induced hypogonadism
(Table 2). Although there are no available standards for
laboratory monitoring of patients on opioids for chronic
pain, endocrine monitoring should be routine in such
patients (Table 3). Laboratory testing should include total
and free testosterone (or sex hormone binding globulin),
LH, FSH (optional), and DHEAS in both men and women
and estradiol in women. Although LH levels are generally
low or inappropriately normal in patients with opioidinduced hypogonadism, a magnetic resonance imaging is
not needed to rule out pituitary tumors in this setting as the
opioid use is the likely cause of the hormonal changes.58
Monitoring of bone density should also be considered in
patients at risk for osteoporosis, as patients with fractures
associated with hypogonadism often have no other
symptoms of hypogonadism,49 and a high prevalence of
osteoporosis has been described in patients on methadone
maintenance.59 The diagnosis of hypogonadism is made by
low levels of testosterone, with a customary cutoﬀ of total
(bound and free) testosterone <300 ng/dL in men and
<20 ng/dL in premenopausal women. The diagnosis and
treatment of hypogonadism in a patient on opioid therapy
should take into account the fact that other causes of
hypogonadism (eg, menopause, ovariectomy, castration,
past mumps or other infections, other medications, and
alcohol) may be present; if not, opioids should be the
presumptive cause of hypogonadism.

MANAGEMENT OF OPIOID-INDUCED
ENDOCRINOPATHY
There are no accepted standards for the management
of presumptive opioid-induced hypogonadism; therefore,
clinical judgment must be relied upon. In patients who seem
to have opioid-induced hypogonadism, several considerations will inﬂuence treatment decisions (Table 4).
The ﬁrst step is to determine to which extent the
laboratory abnormalities are clinically important by assessing sexual function, libido, mood, and the other symptoms
TABLE 3. Diagnosis of Opioid-induced Endocrinopathy
Clinical evaluation: symptoms (Table 2)
Laboratory evaluation
Total testosterone
Free testosterone
SHBG
LH
FSH (optional)
DHEAS
Estradiol (women)
Cortisol (women)
Bone density (optional)
Rule out other causes of hypogonadotropic hypogonadism
Alcoholism
Idiopathic gonadotropin or GnRH deﬁciency
Pituitary-hypothalamic injury
Tumors
Trauma
Radiation
Hemochromatosis
Corticosteroid therapy
DHEAS indicates dehydroepiandrosterone sulfate; FSH, follicle stimulating hormone; GnRH, gonadotropin releasing hormone; LH, luteinizing
hormone; SHBG, sex hormone binding globulin.
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noted above. For patients with symptoms or even in
patients with laboratory abnormalities and unclear clinical
status, the ﬁrst option is to switch treatment. The physician
should explore nonopioid pain management options such
as transcutaneous electrical nerve stimulation, behavior
therapies, injections, radiofrequency, spinal and peripheral
nerve stimulation, and nonopioid pharmacologic agents
(pain specialists can be consulted to determine the best
nonopioid options). If these techniques are not adequate,
the physician may consider opioid rotation. There is
currently no information regarding whether opioid hypogonadism improves with opioid rotation. However, like
other opioid side-eﬀects that seem to occur idiosyncratically
between patients,60 hypogonadism may occur with diﬀerent
degree with diﬀerent opioids in any individual patient; thus,
we suggest that clinicians consider opioid rotation to
potentially ﬁnd an opioid that induces minimal or no
hypogonadism in a particular patient. For instance, switching to buprenorphine is a possible option that requires
further exploration as this opioid has shown to induce
fewer hypogonadism symptoms in preliminary studies. In
some patients, opioid rotation should be fairly straightforward and, therefore, may be a reasonable initial plan. In
other patients, such as those on high doses or those who
have failed multiple opioids, opioid rotation may be
diﬃcult and testosterone supplementation may be more
appropriate.
Hormone therapy (HT) with testosterone should aim
at increasing total serum testosterone concentrations to
within the normal physiologic range of 300 to 1000 ng/mL
for men.37,61–63 Sex HT in women conventionally includes
estrogen (oral or transdermal dosage forms) and progestin
(to protect the uterus). At present, there are no approved
modalities for treating OPIAD in women. In premenopausal women, HT with estrogen and progestational agents or
oral contraceptives may ameliorate the endocrine function.
Using over-the-counter DHEA supplements may be a
consideration with monitoring testosterone levels. Indeed,
symptomatic women receiving conventional HT may
potentially beneﬁt from testosterone and/or DHEA therapy
at appropriate replacement doses, although such approaches are still considered experimental.
Several formulations of testosterone are available,
including intramuscular injections, transdermal patches,

TABLE 4. Management of Opioid-induced Hypogonadism
Consider nonopioid pain management options (eg, TENS,
behavior therapies, injections, radiofrequency, nerve stimulation,
and nonopioid drugs)
Consider opioid rotation
Consider strategies that allow opioid dose reduction
Concomitant nonopioid analgesics
Nonpharmacologic modalities
Testosterone supplementation (men)
Consider consultation with an endocrinologist
Choose formulation and dose
Transdermal gel
Transdermal patch
Intramuscular injection
Monitor prostate-speciﬁc antigen and prostate examination in
men
Monitor clinical and laboratory results
TENS indicates transcutaneous electrical nerve stimulation.
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TABLE 5. Monitoring of Patients on Testosterone
Supplementation
Symptoms of hypogonadism
Free and total testosterone and SHBG
Rectal examinations and prostate-speciﬁc antigen
Complete blood count
Lipid proﬁle
SHBG indicates sex hormone binding globulin.

and transdermal gel. The majority of the clinical trial data
and experience involves intramuscular injections, but the
transdermal formulations are more acceptable to most
patients. Therefore, a reasonable approach is to begin with
a transdermal formulation and switch to injections in
patients who are unable to normalize testosterone levels
with transdermal formulations. It must be remembered that
testosterone supplementation is not free of side-eﬀects,
including local site reactions, decreases in high-density
lipoproteins-cholesterol levels, abuse and misuse, and
various hematologic abnormalities, particularly polycythemia. In men, oligospermia, priapism, male pattern baldness,
and gynecomastia may occur; in women, menstrual
irregularities, acne, hirsutism, and virilization. Perhaps
most worrisome is the potential for stimulation of growth,
benign or otherwise, of the prostate gland. Although
exogenous testosterone has not been ﬁrmly linked to the
development of prostate cancer, patients must be monitored (rectal examinations and prostate-speciﬁc antigen
levels) for such eﬀects. The possibility of abnormalities in
serum lipids should be monitored, because decreases in
high-density lipoprotein levels are common in men receiving testosterone therapy (Table 5).
HT for women is available via patches, tablets, creams,
troches, intrauterine devices, vaginal rings, gels, or, more
rarely, by injection. HT for women may contain various
doses of estrogens, progestin (a progesterone analog), and
experimental use of testosterone or DHEA. However, HT
may increase the risk of cardiovascular disease and breast
cancer. Given these complexities, consultation with an
endocrinologist may be helpful.

CONCLUSIONS
Opioid-induced hypogonadism owing to central suppression of hypothalamic secretion of GnRH is probably
common in both male and female patients on long-term
opioid therapy for either addiction or chronic pain.
Potential symptoms include loss of libido, infertility,
fatigue, depression, anxiety, loss of muscle strength and
mass, osteoporosis and compression fractures in both men
and women; impotence in men; and menstrual irregularities
and galactorrhea in women. Thus, clinicians should
consider this issue in weighing the risks and beneﬁts of
long-term opioid therapy in comparison with other pain
management options such as behavior therapies, injections,
radiofrequency, nerve stimulation, and nonopioid pharmacologic agents.
Patients on long-term opioid therapy should be
routinely screened for such symptoms and for associated
laboratory abnormalities in sex hormones. If opioidinduced hypogonadism is detected, physicians should ﬁrst
consider the following options (in this order): (1) nonopioid
pain management options, (2) opioid rotation, and (3) sex
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hormone supplementation (which should be oﬀered after
careful consideration of the risks and beneﬁts and
consultation with an endocrinologist). Patients who undergo testosterone supplementation should be regularly
assessed to monitor the risks and beneﬁts. Further research
is needed to better deﬁne the incidence and prevalence of
this phenomenon, its natural history, whether opioid
rotation is beneﬁcial, whether certain opioids are more
problematic than others, treatment, and whether opioid
hypogonadism can antagonize the beneﬁts of analgesic
treatment.
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