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Abstract

TAs-the use of opioids is- becoming a global epidemic and has led to a rise in expanding,so-has

the occurrence and recognition of their impact ecensequenees—on the endocrine system.

Nonetheless, opioid-induced endocrinopathies still remain under-diagnosed, mainly due to

symptom under-reporting by patients and lack of awareness in clinicians. Hypogonadism is the

most well recognised consequence but Fhese-include-hypogenadism—inhibitory effects on-the

hypothalamo-pituitary-adrenal axis and negative impact on bone health_also require attention.-

Hyperprolactinaemia may alse-be detected, whereas, clinically relevant thyroid dysfunction has

not been identified. EFhe—effects on other hormones have not been as—yet-clearly defined.—At

endoerinopathies—are—lacking: ANeonetheless;—assessment of gonadal and adrenal function

(particularly if inthe-presenee-of-high index of clinical suspicion), and;as—wel-as evaluation of
bone health are advised_in these patients. Discontinuation or reduction of-the opioid dose and
appropriate hormone replacement are management approaches for hypogonadism and

hypoadrenalism.

facilitating the development of evidence-based guidelines on the diagnosis and optimal

management of opioid-induced endocrinopathies is eagerly awaited.



Introduction

Opioids are amongst the most powerful analgesics but they are highly addictive and can be easily
abused due to their euphoric effects (Panel 1). Globally, their use has been increasing over the last
two decades (Figure 1), with over-prescription of opioid pain relievers being one of the main
contributors.' Furthermore, in USA, the inappropriate marketing of the sustained-release
oxycodone preparation has resulted in abuse of this agent and is a further driving force of the
opioid crisis.” The rise of opioid use and misuse has negative impact on public health, not only
due to increased number of opioid-associated deaths (Panel 2) but also due to the association of
long-acting opioids with elevated risk of all-cause mortality compared with other types of
analgesics.’

The increased use of opioids has been associated with an expanding occurrence and recognition
of their side effects. Although the significant actions of endogenous opioids on the
neuroendocrine axes have been known for more than 40 years,*” endocrinopathies caused by their

analogues still remain under-diagnosed in clinical practice, mainly because of symptom under-

reporting by patients and lack of awareness in clinicians, leading to serious consequences.(jilpi | - {Formatted: Font color: Red

addition, no consensus or clinical guidelines are available on how to diagnose and manage the
opioid-induced endocrinopathies.

The aim of this review is to describe the effects of exogenous opioids on the endocrine system
and their underlying mechanisms, to provide an algorithm for the diagnosis and management of

opioid-induced endocrinopathies and to identify areas needing further research.



Hypothalamo-Pituitary-Gonadal Axis

Hypogonadism is a well-recognised side-effect of opioids on endocrine system. Opioids inhibit
the pulsatile gonadotropin-releasing hormone secretion from the hypothalamus and subsequently
the secretion of gonadotropins (mainly luteinising hormone and to a lesser extent follicle-
stimulating hormone) from the pituitary and of sex steroids from the gonads.”** Direct negative
action of opioids on testicular function has also been suggested.™

The impact of long-term opioids on the hypothalamo-pituitary-gonadal (HPG) axis has been
extensively studied (especially in males) and variable prevalence of hypogonadism has been
reported, depending on type, dose, route and duration of administration of the opioid, as well as
on the patient group assessed. A meta-analysis found significantly reduced testosterone levels in
men on opioids compared to controls.’’ This meta-analysis included a heterogeneous group of
studies with opioids offered for different reasons, and no sub-analyses according to type, dose,
route and duration of administration were performed.

The negative effects of opioids on HPG axis in heroin and methadone addicts, and in addicts on
methadone maintenance treatment are known for more than 40 years.’** Prevalence of

3233

hypogonadism ranges between 50 and 85% in heroin and methadone addicts and is around

34,35

40% in those on methadone maintenance therapy” . In opium addicts, testosterone and

gonadotropin levels are lower than in controls,***’

with one study reporting hypogonadism in
93% (26/28) of the males.’’

Long-term opioid use in patients with chronic non-cancer pain results in hypogonadism,
regardless of administration route (oral, intraspinal or transdermal).”® A systematic review
evaluating the impact of opioids in men with chronic non-cancer pain found prevalence of
hypogonadism between 19 and 86%, depending on the testosterone threshold defining

hypogonadism, with the majority of studies reporting overall prevalence >50%." Another
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systematic review, including however only 165 cases, showed that 23 to 81% of women aged 18-
55 years on oral or intrathecal opioids for chronic non-cancer pain had oligo/amenorrhoea.*’
Furthermore, a study from a large UK primary care database on women aged 18 to 55 years found
that long-term opioids for chronic non-cancer pain was associated with higher risk of
oligo/amenorrhoea [hazard ratio (HR) 1-13; 95% CI, 1-:05-1-21) and of menopause (HR 1-16;
95% CI, 1-10-1-23) compared to short-term opioid use;*' no difference in risk of low libido or
infertility was found. It should be noted that in chronic non-cancer patients, other factors may
also contribute to the hypogonadism and need to be taken into account, including pain, co-
morbidities, concurrent medications and patients’ age.

Positive association between opioid use and hypogonadism has also been reported in cancer
patients”* but these results should be interpreted with caution as other factors [pain,
chemotherapy, anorexia/cachexia, psychological stress (anxiety, depression)] influence HPG
function.** Rajagopal et al. found hypogonadism in 90% (18/20) of male cancer survivors
(disease-free >1 year) using opioids [morphine-equivalent daily dose (MEDD) >200 mg]
compared to 40% (8/20) of subjects in a matched control group.”’ Median testosterone was
significantly lower and sexual dysfunction was worse in the opioid group. However, testosterone
measurements were not performed on early morning samples potentially affecting the reliability
of hypogonadism diagnosis.

The suppressive effect of opioids on the HPG axis begins as soon as they are administered***’ and
their cessation results in axis recovery.”** The severity of hypogonadism varies depending on
dose, duration of action and type of opioid. An inverse association between opioid dose and
gonadal dysfunction has been suggested® and is further supported by reports showing reversal of
hypogonadism after reduction of opioid dose.”” Androgen deficiency is more likely with long-
acting than short-acting opioids.*® Furthermore, patients on fentanyl, methadone, and oxycodone

have higher odds of androgen deficiency compared to those on hydrocodone.” In addition,



buprenorphine and tapentadol, a p-opioid receptor agonist and norepinephrine reuptake inhibitor
used as analgesic, have been associated with milder or no suppressive effects on HPG axis.’**®

Opioid-induced hypogonadism, apart from its well-known multi-system consequences (erectile
dysfunction, impotence, decreased muscle mass in men, oligo/amenorrhoea in women, decreased

libido, infertility, bone loss, depression in both sexes),> >

may also contribute to poor control of
pain and hyperalgesia®’.

Management options include discontinuation or reduction of the drug dose or, when this is not
feasible, gonadal hormone replacement. The effects of hormone replacement therapy have not
been as yet studied in women with opioid-induced hypogonadism and have been addressed only
in a few studies in men. In an observational study, testosterone transdermal therapy for 24 weeks
in 16 men (aged 34 - 55 years) with opioid-induced androgen deficiency and chronic non-
malignant pain improved androgen deficiency symptoms, sexual function, mood, depression and
hematocrit.>® In the only randomised, double-blind, placebo-controlled trial available, treatment
of 65 males (aged between 18 and 64 years) with opioid-induced androgen deficiency and chronic
non-cancer pain with transdermal testosterone for 14 weeks resulted in greater improvements in
pain sensitivity, sexual desire, body composition and some domains of quality of life compared to
placebo;’” no difference in the frequency of adverse effects between the two groups was found.
Blick et al., in a prospective study of 90 hypogonadal opioid male users, aged between 20 and 77
years and treated with testosterone gel for 12 months, demonstrated improvement in sexual
function and mood.* Two smaller studies also reported amelioration in pain and improvement in
mood and sexual function with no testosterone-related adverse effects.’”® Most of studies,
however, are of short duration and with small sample size not allowing the evaluation of the
safety of long-term testosterone replacement in these patients. Interestingly, it has been proposed
that clomiphene citrate may be beneficial in the setting of opioid-induced hypogonadism for

males desiring preservation of fertility with simultaneous normalisation of testosterone levels.*'



Data on the effects of opioids on fertility are very limited. Daniell reported cessation of menses
soon after commencing sustained-action opioid treatment,”” and Rhodin et al. reported reduced

fertility in women on opioids.**

Adverse effects of opioids on semen quality have also been
described.**%

In conclusion, opioid use has inhibitory effect on HPG axis, mainly at hypothalamic level.”®
Dose, type and duration of opioid may play a role on the severity of hypogonadism but further
studies are needed to elucidate these. Hypogonadism is reversible after discontinuation or dose
reduction of opioids. When these options are not feasible, hormonal replacement therapy should

be considered aiming to avoid the long-term adverse sequelae of untreated hypogonadism.

Hypothalamo-pituitary-adrenal axis

Opioids exert negative effects on the hypothalamo—pituitary—adrenal (HPA) axis with all three
main opioid receptors being implicated.”® They mainly act at hypothalamic-pituitary level, where
they inhibit corticotropin-releasing hormone (CRH) and antidiuretic hormone (ADH) secretion
resulting in decreased adrenocorticotropic hormone (ACTH) release.’”®® Direct effects on the
adrenal function have also been suggested, as administration of naloxone in patients with
hypothalamo-pituitary disconnection resulted to higher levels of cortisol (but not of ACTH)
compared with saline infusion.”® The inhibitory action is evident in both acute and chronic use.
Single administration of morphine in normal subjects suppressed basal ACTH and cortisol levels,
as well as their peak response to CRH,*  whilst buprenorphine, hydromorphone and
remifentanil administration attenuated cortisol response to psychosocial or surgical stress.”” "

Chronic use of various types or formulations of opioids has been associated with suppression of
HPA axis in chronic pain patients. Two studies have assessed the prevalence of central
hypoadrenalism [defined as stimulated cortisol levels on insulin tolerance test (ITT) <18 pg/dL]
in patients with non-malignant pain on intrathecal opioids. Abs et al. found suboptimal cortisol
response in 15% (9/61) of those on spinal morphine or hydromorphone [mean daily opioid dose
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of 4-8 + 3-2 mg (range, 0-:6-15-0)],"° and Valverde-Filho et al. reported suboptimal response to
ITT in 33% (6/18) of those treated with intrathecal morphine (0-2-10 mg/day).” In the latter
study, hypocortisolism was demonstrated in 50% (9/18) of patients on oral morphine (60-120
mg/day) who, however, had significantly greater cumulative and daily morphine dose compared
to the intrathecal group.” In another series, 6% (3/48) of chronic pain patients on long-term oral
and/or transdermal opioids (tramadol, oxycodone, morphine, fentanyl, buprenorphine,
dihydrocodeine — median MEDD 68 mg) had blunted response to synthetic ACTH.” Focusing
only on those on high-dose opioid analgesia (excluding tramadol and dihydrocodeine),
suboptimal cortisol response to synthetic ACTH stimulation was found in 10% (3/33) of the
cases; in the non-responders, MEDD was >100 mg.”* A recent study assessed the effect of
chronic oral and/or transdermal opioid analgesia [mean MEDD 74 mg (range 25-265 mg)] on
HPA axis in non-cancer pain patients.” Hypoadrenalism was excluded if basal cortisol was >250
mmol/L; in those with basal levels <250 nmol/L dynamic testing with ACTH stimulation test
(normal response defined as 60 min cortisol >500 nmol/L) and/or overnight metyrapone test were
performed. Nine chronic opioid users (22.5%) failed one or both tests, with six of them failing the
ACTH stimulation test (15%). Of note, patients with adrenal insufficiency were on significantly
higher MEDD of 100 mg compared to 60 mg in the remaining subjects, with none of the latter
having abnormal response on stimulation tests.” Finally, decreased levels of the adrenal androgen
dehydroepiandrosterone sulfate have been found in patients with chronic non-malignant pain.”>”
Whilst these studies have demonstrated biochemical secondary adrenal insufficiency, there are

76

also several case reports of patients on oral opioids (hydromorphone,’® tramadol,”” diamorphine,”®

loperamide™) presenting with clinical manifestations resembling hypoadrenalism or with adrenal

180

crisis during transdermal fentanyl® or intrathecal opioid administration;* in one case, adrenal

insufficiency occurred after acute opioid therapy®'. Discontinuation or dose reduction of these

. . . 76,77,79,80
agents improved or restored HPA axis function.™ "™



Suppression of HPA axis has also been demonstrated in opioid drug-addicts on diamorphine
maintenance treatment.®* In addition, impaired ACTH and cortisol circadian rhythm has been
identified in heroin-addicts with reduced basal levels compared to healthy volunteers.*”® The
clinical significance of these findings remains to be clarified.

Data on the effects of glucocorticoid replacement therapy in patients with opioid-induced
hypoadrenalism are limited. Nenke et al., in a placebo-controlled, double-blind, crossover study
found that glucocorticoid replacement (hydrocortisone 10 mg/m*/day in three divided doses) in
17 chronic pain patients on long-term analgesia and with mild cortisol deficiency (defined as
serum cortisol <350 nmol/L measured 60 min after a cold pressor test) improved wellbeing and
analgesic responses compared to controls.** It should be mentioned though that from the 10
patients who were also screened for adrenal insufficiency with an ACTH stimulation test, only
one had suboptimal response (serum cortisol <550 nmol/L). Whether the reported improvement
in vitality and pain tolerance was due to treatment of the cortisol deficiency or due to the
analgesic and anti-inflammatory effects of hydrocortisone remains uncertain. Gibb et al.
described two patients with symptomatic improvement on hydrocortisone (10 mg am and 5 mg
pm) after diagnosis of secondary adrenal insufficiency’, whereas no patients with biochemical
hypocortisolism were commenced on glucocorticoids in the Lamprecht et al.” study.

The necessity of glucocorticoid replacement needs to be reviewed after cessation or reduction of
the opioid dose. The exact time interval of HPA axis recovery has not been established and
testing includes measurement of morning blood cortisol off glucocorticoid treatment or dynamic
assessment of the axis.

In summary, opioids exert inhibitory actions on the HPA axis after either single or chronic
administration, which may be dose-related. The accurate prevalence of adrenal insufficiency has
not been clearly defined. A prolonged or exaggerated stress response to chronic pain can also be a
factor contributing to HPA axis dysfunction.*” Although the clinical significance of
hypoadrenalism in opioid users (especially in those with mild suboptimal response to dynamic
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tests) has not been clarified, the published reports of patients on opioids developing adrenal crises
or clinical manifestations resembling those of adrenal insufficiency which improved after
glucocorticoid replacement, indicate that in a proportion of them, HPA axis suppression requires
attention. Nonetheless, at present, there is uncertainty as to whether routine glucocorticoid

replacement is truly indicated or it may cause adverse effects in the long-term.

Somatotroph axis

The effects of opioids on growth hormone (GH) axis are complex and their underlying
mechanisms have not been fully elucidated. Data on pathways involved mainly originate from
animal studies suggesting that opioid actions on GH synthesis and secretion are mediated through
growth hormone-releasing hormone.*®

Acute administration of opioids in healthy humans has a dose-related stimulatory effect on GH
production; intravenous administration of 15 mg morphine stimulated GH secretion, whilst
smaller doses (5 and 10 mg) had no effect.”™ Studies on the impact of chronic opioid
administration have shown conflicting results. Serum insulin-like growth factor 1 (IGF-1) levels
were significantly lower in humans on intrathecal opioids (morphine and hydromorphone) for
non-malignant pain compared to controls, with 15% (9/62) of the cases demonstrating suboptimal
response to ITT (peak GH values <3 pg/L) and 17% (12/72) having IGF-1 concentrations more
than two standard deviations below the mean.*® However, in another study with chronic pain
patients on oral opioids, no abnormal IGF-1 levels or difference in the glucagon stimulated GH
response were detected compared with a control group receiving non-opioid analgesia.”
Abnormal GH response on ITT has also been described in heroin addicts and methadone
patients.”’

In summary, acute administration of opioids increases GH secretion, whereas the available data
on the effects of chronic use are inconclusive.

10



Prolactin

Opioids can stimulate prolactin (PRL) secretion by affecting hypothalamic pathways; inhibition
of the tuberoinfundibular dopaminergic system is the most probable mechanism but opioid-
induced PRL secretion through serotoninergic pathways has also been suggested.”

Acute opioid administration enhances PRL secretion, an effect that can be prevented or attenuated
by dopamine agonists.”** Increased PRL has been found in healthy humans after intravenous
administration of morphine at different doses (0-08 mg/kg,”” 0-1 mg/kg,”® 5 mg,”’” 10 mg’) and in
cancer patients after intraventricular or intravenous morphine use.”®” Administration of

100

DAMME (intravenous),” buprenorphine (intravenous),'® methadone (intramuscular),’ oxycodone

101 102

(intramuscular),'”’ pentazocine (intravenous)’ and fentanyl (intravenous)'® in normal volunteers
also increased PRL; this was dose-dependent with fentanyl and pentazocine.

The effect of chronic opioid use on PRL varies between studies. Increased levels have been found
in about 40% of patients on chronic opioids for cancer® and non-cancer® pain. However, other
studies in patients with non-cancer pain on oral or intrathecal opioids revealed similar PRL levels
between opioid-treated patients and controls.**™" Significant higher PRL values compared to

13 and in

controls, as well as cases of hyperprolactinaemia have been detected in heroin addicts
opium smokers.'® Finally, variable PRL concentrations have been found in patients on
methadone or buprenorphine maintenance treatment (reduce:d,105 similar'® or higher94 compared
to controls).

In conclusion, although acute opioid administration increases PRL, the effects of chronic opioid
use are variable. Hyperprolactinaemia may be present and clinicians should be aware of its

potential consequences. Nonetheless, other confounding factors, such as pain, malnutrition and

stress, should be considered when interpreting PRL values.
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Hypothalamo-Pituitary-Thyroid axis

Acute administration of various opioids (morphine,'”’ methadone,” buprenorphine,'”” DAMME?)
increased serum thyroid-stimulating hormone (TSH) levels in normal subjects, whilst acute
intravenous morphine infusion enhanced TSH response to thyrotropin-releasing hormone
stimulation (TRH) in normal volunteers'®,

No difference in basal TSH and peripheral thyroid hormones levels has been demonstrated
between chronic opioid users and controls. These findings have been verified in subjects on

4 109 4. T . "
873 methadone,® diamorphine %), for various conditions

different opioid types (morphine,
(cancer and non-cancer pain, heroin addicts, addiction withdrawal) administered by different
routes (intrathecal,*®” oral”). Notably, decreased TSH response to TRH stimulation in patients
on chronic opioids compared to controls has been reported in some”'**''* but not all**'"! studies.
Opium smoking had been correlated with lower TSH levels in addicts compared to healthy
subjects.”” However, this was not confirmed in a recent study demonstrating normal thyroid
function in both opium smokers and non-addict subjects.'"®

Overall, although acute opioid administration increases TSH secretion, there is accumulating

evidence that chronic use is not associated with thyroid dysfunction, irrespective of dose and

administration route.

Antidiuretic Hormone

The effects of opioids on ADH secretion in humans have not been elucidated. Thus, the results of
studies assessing ADH release during different types of surgeries with anesthesia using various
opioids regimes have been controversial. Their interpretation is further complicated by the

presence of factors potentially influencing ADH secretion, such as pain, differences in the
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patients’ fluid status, peri-operative complications (haemorrhage, hypotension), co-administration
of other agents, and other side effects of opioids.

More carefully designed studies in healthy volunteers, controlling for some of these confounding
factors, have also provided inconsistent results. Acute intravenous administration of 1 mg
DAMME (but not 0-5 mg) inhibited ADH release caused by osmotic stimulation (hypertonic

saline infusion) compared to controls,''*'"

whilst intramuscular administration of 0-5 mg
DAMME reduced urinary ADH concentrations in healthy subjects compared to placebo.'' In
addition, acute administration of asimadoline, a k-opioid receptor agonist, at various doses (1, 5
and 10 mg) in normal subjects suppressed plasma ADH during 2-5% saline infusion in six out of
eight patients receiving the highest dose (10 mg) compared to placebo.''” In contrast, a single
intramuscular dose of spiradoline, another k-opioid receptor agonist, had no effect on plasma
ADH in healthy volunteers compared to placebo.'®

On the other hand, other studies suggest that acute opioid administration increases ADH levels.
Fentanyl intravenous infusion in healthy subjects increased plasma ADH in a dose-dependent
manner,'"” whilst intravenous administration of meptazinol (1-4 mg/kg) increased plasma ADH in

120 it should be noted, however, that these three individuals

three out of six normal subjects;
reported nausea after the opioid administration. Nausea and the potential opioid-induced
hypotension may have contributed to the increase in ADH levels.

The only published study on the effects of diamorphine maintenance treatment on ADH in opiate-
dependent patients is by Glahn et al. and showed reduced levels in patients compared to
controls.*

In summary, the impact of exogenous opioids on ADH in humans has not been clearly understood

necessitating well-designed studies taking into account the impact of other factors influencing

ADH secretion.

Oxytocin
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In animal and in vitro studies opioids inhibit oxytocin secretion from the magnocellular neurons
of the neurohypophysis (mainly through k-receptors) and they also suppress the magnocellular
cell activity in the supraoptic nucleus (through k- and p-receptors).'”’ However, data on the
effects of exogenous opioids in humans are scarce mostly focusing in women during gestation or
labour.

Intravenous morphine or intrathecal sufentanil in women at first stage of labour reduced plasma

122,123

oxytocin levels, whilst intravenous morphine suppressed oxytocin response in breast-feeding

women after delivery.'** In contrast, intrathecal fentanyl and intravenous morphine did not alter
plasma oxytocin compared to controls in women with late pregnancy but not in labour,'?'%¢

Overall, the limited data on opioids’ effects on oxytocin in humans are of unknown clinical

significance.

Bones

Exogenous opioids have negative effects on bone metabolism and result in low bone mineral
density (BMD). Although the underlying mechanisms have not been completely characterised,
opioids may reduce BMD indirectly, by causing hypogonadism, and directly, by affecting bone
turnover.'”” Incubation of human osteoblast-like cells (MG-63), which express the three main
opioid receptors (-, k- and 3-), with morphine at high doses, led to reduced osteocalcin, an effect
prevented by naloxone'®®. No change in osteocalcin levels was observed, however, with a &-
receptor agonist. The opioid-induced inhibition of human osteoblast growth and the low serum
osteocalcin levels in heroin addicts also support the negative impact of opioids on osteoblast
activity.'” Finally, opioid-mediated enhanced osteoclast activity has also been suggested.
Balodimos et al. reported higher concentrations of beta C-terminal telopeptide (B-CTX) in male

14



heroin addicts (no details on their sex hormone status available) compared to healthy subjects,'*

131

whilst increased f-CTX was also found in men on opioid substitution treatment. = However, in

other studies with subjects on methadone maintenance therapy, B-CTX levels were not different
compared to controls.'*?

The negative impact of exogenous opioids on BMD has been shown in various groups of patients.
In a study of men on intrathecal opioids for chronic non-malignant pain and hypogonadism,
osteoporosis was observed in 21% (3/7) and osteopenia in 50% (7/14)."** In another study,
osteopenia was found in 50% (6/12) of men and 21% (3/14) of women on chronic oral opioids;'**
in this report, men had higher prevalence of hypogonadism and longer period of opioid use
compared to women. Kinjo et al. described significantly reduced BMD in opioid users compared
to non-users after adjustment for covariates affecting bone health [smoking, alcohol use, body
mass index (BMI), exercise, vitamin D levels, total calcium intake, use of steroids, hormone-
replacement therapy];'** no data on sex hormones levels were provided. Furthermore, total hip
and whole-body BMD tended to be lower in perimenopausal women with amenorrhoea exposed
on opioids for chronic non-malignant pain than in the non-exposed ones after adjustment for
confounding factors (age, time since menopause, BMI, calcium intake, vitamin D levels and
intake, prior fracture, family history of fracture)."*®

Low BMD has been described in addicts on opioid maintenance therapy. A recent study in men
on different types of opioid substitution treatment (morphine, methadone and buprenorphine)
revealed lower BMD in lumbar spine and hip compared to age- and BMI-matched controls;''
BMD did not differ according to opioid type. In this report, 29% (31/106) of men older than 40
years had osteoporosis and 48% (51/106) osteopenia, whilst in younger men, low bone mass was
found in 66% (25/38)."*' Of note, total and free testosterone levels were decreased in 50% and
62.5% of subjects, respectively. Grey et al. found decreased BMD throughout the skeleton in men
on methadone maintenance therapy compared to controls but not in women;'*? blood testosterone

was lower in male patients than in controls and in 38% (8/21) of them it was below normal range.
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In another study assessing BMD in the same group of patients, osteoporosis was shown in 61%
(20/33) and 20% (12/59) of men and women, respectively, and osteopenia in 36% (12/33) and
54% (32/59), respectively;"”” methadone dose and duration of maintenance treatment were not
associated with lower BMD and details on the sex hormone status of the subjects were not
available. Milos et al. showed lower BMD in the total-hip in young females on methadone
substitution compared to age- and BMI-matched controls but no difference at femoral neck and
lumbar spine parameters;'*® the duration of heroin use and methadone intake was not associated
with any BMD parameter. In this series, 82% (9/12) of subjects had amenorrhoea and 36% (4/11)
were on oral contraceptive pill.

Finally, significant lower vertebral BMD compared with healthy age- and sex-matched controls
has been found in male chronic heroin users;'* this group also had lower testosterone compared
to controls. Notably, the former heroin users had no difference in their BDM or testosterone
levels compared to the control group. It should be pointed out that illicit drug users and patients
on opioid substitution therapy may also have other factors contributing to low BMD, like
smoking, increased alcohol intake, liver disease, low BMI or malnutrition and HIV infection.
Exogenous opioids use has also been associated with increased risk of fractures. A meta-analysis
published in 2007 showed 38% ([relative risk (RR) 1-38; 95% CI, 1-15-1-66] increase in bone
fracture risk in chronic opioid users,'*" whilst a more recent one (2015) identified significant,
positive association between opioid consumption and overall fracture risk (RR 1-88; 95% CI,
1-51-2-34) but with substantial heterogeneity amongst the included studies.'”' Focus on hip
fractures revealed RR of 1:36 (95% CI, 1-11-1-67) and 2-00 (95% CI, 1-84-2-19) in each study,
respectively.'**'*! The positive correlation between opioid use and hip fracture risk was also
confirmed in the meta-analysis by Ping et al. [RR of 1:54 (95 % CI, 1-34-1-77)]; however, the
analysed studies were substantially heterogencous.'” The opioid dose associated with increased

. . . . 143-145
fracture risk varies widely amongst studies.
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A further factor contributing to increased fracture risk is the high risk of falls due to opioid-
induced central nervous system effects (sedation, dizziness). The fact that this risk has been found
higher during the early stages of opioid use, before opioids’ detrimental action on bones is
established, has led to the suggestion that having a fall is the main etiology for the increased

3
fractures.'

This is further supported by a study showing that the risk of falls and subsequently of
fractures in patients due to persistent musculoskeletal pain did not differ between opioid use and
non-use groups.'*® Finally, limitations in mobility of patients with chronic pain can also be a
contributing factor.

In summary, exogenous opioid use is associated with low BMD and increased fracture risk,

mainly attributed to high risk of falls, to the negative effects of opioids on bone metabolism and

to hypogonadism.

Monitoring, Diagnostic and Management Algorithm

Opioid-induced endocrinopathies remain underdiagnosed in clinical practice, mainly due to
under-reporting of the symptoms by the patients and to lack of awareness in many clinicians.
Healthcare professionals prescribing opioids should be familiar with these side effects and discuss
them with the patients at the initiation and during maintenance of treatment; this discussion will
also influence balanced decisions on the benefits and drawbacks of these medications,
particularly if long-term use is considered. In addition, these patients should be appropriately
monitored for opioid-induced endocrinopathies. Currently, evidence-based guidelines for
monitoring, diagnosing and treating endocrine adverse effects in patients with chronic opioid use
are not available and a proposed algorithm based on the published literature is shown in Figure 2.

17



Taking into account the high prevalence of hypogonadism with chronic opioid treatment, all
relevant patients require assessment for symptoms/signs of sex steroid deficiency. In agreement
with the recent Endocrine Society guidelines, screening should be avoided in patients on opioids
for short-term.'*’” On clinical suspicion of hypogonadism, hormonal investigations should be
performed for confirmation of secondary hypogonadism (with other causes being excluded).
Discontinuation or reduction of the opioid dose should be the first management step. Change to
buprenorphine, an opioid with milder or no suppressive effect on the HPG axis, could also be
another approach. If these are not feasible, gonadal hormone replacement therapy is advised
aiming to avoid potential adverse sequelae of untreated hypogonadism.

With regards to hypoadrenalism, patients on opioids should be monitored for clinical
manifestations of adrenal insufficiency and if there is high index of suspicion, measurement of
morning blood cortisol levels is required, followed, if indicated, by dynamic assessment of the
HPA axis. If hypoadrenalism is confirmed, treatment with glucocorticoids should be initiated. In
such cases, cessation or reduction of the opioid dose needs to be considered and following this,
reassessment of HPA axis for potential recovery should be performed.

Patients on chronic opioid use should be assessed for clinical features of hyperprolactinaemia and
if this is confirmed, other confounding factors, like pain, malnutrition and stress need to be taken
into account when interpreting the results. If other causes of hyperprolactinaemia have been
excluded and high PRL is finally attributed to opioid use, management should be offered only in
the presence of relevant clinical manifestations. As with the other endocrinopathies,
discontinuation or reduction of the opioid dose are the first options.

Assessment of BMD is required in patients on chronic opioids, especially if hypogonadism or
other risk factors for compromised BMD are present. Management includes opioid cessation and
treatment of osteopenia/osteoporosis according to the current guidelines.

Long-term opioid use is not related with thyroid dysfunction and screening is not indicated.
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Finally, data on the effects of chronic opioid use on GH, ADH and oxytocin are limited or

inconsistent making provision of clinical recommendations not possible.

Outstanding Questions and Future Research

Despite the accumulating evidence on the effects of opioids on the endocrine system, there is still
a plethora of areas requiring clarification posing difficulties in the development of safe and cost-
effective guidelines.

Further studies are required to establish the true prevalence of hormonal abnormalities with
different types, doses, routes and duration of use of opioids, the effects of partial agonists (like
buprenorphine) and the clinical significance of the suppressive effects on the HPA axis. Well-
designed prospective studies taking into account confounding factors (e.g. presence of other
comorbidities, concomitant medications or pain) will clarify the long-term benefits and risks of
hormonal replacement and its effects on other areas (including pain sensitivity, potential for
reduction in required opioid dose, impact on recovery of patients on methadone for opioid use
disorder). The effects of opioids on fertility deserve additional studies. Finally, further research is
required to establish the impact of opioids in GH, ADH and oxytocin secretion and the underlying

mechanisms of their negative action in bone metabolism and health.

Conclusions

Exogenous opioids have multiple effects on the endocrine system. Although hypogonadism is
their most well-recognised side effect, their inhibitory effect on HPA axis and the negative impact
on bone health should not be overlooked. Long-term opioid use does not seem to affect the
thyroid function but can be responsible for hyperprolactinaemia, whilst the effects of opioids on

GH, ADH and oxytocin secretion have not been as yet clarified. Further research is needed to
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fully elucidate the impact of opioids at all levels of the endocrine system and the optimal

management of their consequences.

Contributors
AF and SVU performed the literature search. AF, SVU and NK contributed to the interpretation
of the literature. AF and NK wrote the manuscript with input from SVU. NK supervised the

overall preparation of the review. All authors approved the final submitted version.

Declaration of interests

AF reports educational grants from Novartis Oncology, Ipsen and Pfizer. SVU reports
consultancy fees, speaker honoraria and support to attend scientific meetings from Novartis,
Pfizer, Ipsen and Acerus Pharmaceuticals. NK reports support for research from Shire

20



Viropharma Inc, outside the submitted work, and honoraria for lectures from Pfizer and Ipsen,

educational grants from Novartis and research grants from Pfizer and Ipsen.

Funding
This research did not receive any specific grant from any funding agency in the public,

commercial or not-for-profit sector.

Acknowledgements

The authors are grateful to Mr. Brad Dishan, Medical Librarian, St. Joseph’s Health Care

London, London, Ontario, Canada for his valuable help with the literature search.

References

1. Makary MA, Overton HN, Wang P. Overprescribing is major contributor to opioid crisis.
BMJ 2017; 359: j4792.

2. Van Zee A. The promotion and marketing of oxycontin: commercial triumph, public
health tragedy. Am J Public Health 2009; 99: 221-7.

3. Ray WA, Chung CP, Murray KT, Hall K, Stein CM. Prescription of Long-Acting
Opioids and Mortality in Patients With Chronic Noncancer Pain. JAMA 2016; 315: 2415-23.

4. Morley JE, Baranetsky NG, Wingert TD, et al. Endocrine effects of naloxone-induced
opiate receptor blockade. J Clin Endocrinol Metab 1980; 50: 251-7.

21



5. Delitala G, Grossman A, Besser M. Differential effects of opiate peptides and alkaloids
on anterior pituitary hormone secretion. Neuroendocrinology 1983; 37: 275-9.

6. Hochberg U, Ojeda A, Brill S, Perez J. An Internet-Based Survey to Assess Clinicians'
Knowledge and Attitudes Towards Opioid-Induced Hypogonadism. Pain Pract 2019; 19: 176-82.
7. Saeed ZI, Bancos I, Donegan D. CURRENT KNOWLEDGE AND PRACTICES OF
HEATH CARE PROFESSIONALS ON OPIOID-INDUCED ADRENAL INSUFFICIENCY.
Endocr Pract 2019.

8. Pathan H, Williams J. Basic opioid pharmacology: an update. Br J Pain 2012; 6: 11-6.

9. Benarroch EE. Endogenous opioid systems: current concepts and clinical correlations.
Neurology 2012; 79: 807-14.

10. Stein C. Opioid Receptors. Annu Rev Med 2016; 67: 433-51.

11. Valentino RJ, Volkow ND. Untangling the complexity of opioid receptor function.
Neuropsychopharmacology 2018; 43: 2514-20.

12. Zaveri NT. Nociceptin Opioid Receptor (NOP) as a Therapeutic Target: Progress in
Translation from Preclinical Research to Clinical Utility. J Med Chem 2016; 59: 7011-28.

13. Molassiotis A, Smith JA, Mazzone P, Blackhall F, Irwin RS. Symptomatic Treatment of
Cough Among Adult Patients With Lung Cancer: CHEST Guideline and Expert Panel Report.
Chest 2017; 151: 861-74.

14. Camilleri M, Lembo A, Katzka DA. Opioids in Gastroenterology: Treating Adverse
Effects and Creating Therapeutic Benefits. Clin Gastroenterol Hepatol 2017; 15: 1338-49.

15. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of
acute and chronic heart failure of the European Society of Cardiology (ESC)Developed with the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J 2016; 37:

2129-200.

22



16. Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the management of acute
myocardial infarction in patients presenting with ST-segment elevation: The Task Force for the
management of acute myocardial infarction in patients presenting with ST-segment elevation of
the European Society of Cardiology (ESC). Eur Heart J 2018; 39: 119-77.

17. Centers for Disease Control and Prevention. 2018 Annual Surveillance Report of Drug-
Related Risks and Outcomes — United States. Surveillance Special Report. Centers for Disease
Control and Prevention, U.S. Department of Health and Human Services. Published August 31,
2018. Accessed 20/12/2018 from https://www.cdc.gov/drugoverdose/pdf/pubs/2018-cdc-drug-
surveillance-report.pdf.

18. Islam MM, McRae IS, Mazumdar S, Taplin S, McKetin R. Prescription opioid analgesics
for pain management in Australia: 20 years of dispensing. Intern Med J 2016; 46: 955-63.

19. https://www.aithw.gov.au/reports/alcohol-other-drug-treatment-services/nopsad-
2017/data. Accessed 20/12/2018.

20. https://digital.nhs.uk/data-and-information/publications/statistical/prescriptions-
dispensed-in-the-community/prescriptions-dispensed-in-the-community-statistics-for-england-
2006-2016-pas. Accessed 20/12/2018.

21. Association AP. Diagnostic and statistical manual of mental disorders. Fifth ed.
Arlington, VA: American Psychiatric Publishing; 2013.

22. Australian Institute of Health and Welfare 2017. National Drug Strategy Household
Survey 2016: detailed findings. Drug Statistics series no. 31. Cat. no. PHE 214. Canberra: AIHW.
23. Home Office Statistical Bulletin. Drug Misuse: Findings from the 2015/16 Crime Survey
for England and Wales 2016.

24. Rudd RA, Aleshire N, Zibbell JE, Gladden RM. Increases in Drug and Opioid Overdose
Deaths--United States, 2000-2014. MMWR Morb Mortal Wkly Rep 2016; 64: 1378-82.

25. Seth P, Scholl L, Rudd RA, Bacon S. Overdose Deaths Involving Opioids, Cocaine, and
Psychostimulants - United States, 2015-2016. MMWR Morb Mortal Wkly Rep 2018; 67: 349-58.

23



26. Australian Institute of Health and Welfare 2018. Opioid harm in Australia and

comparisons between Australia and Canada. Cat. no. HSE 210. Canberra: ATHW.

27.

https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/death
s/bulletins/deathsrelatedtodrugpoisoninginenglandandwales/201 7registrations. Accessed
20/11/2018.

28. Vuong C, Van Uum SH, O'Dell LE, Lutfy K, Friedman TC. The effects of opioids and
opioid analogs on animal and human endocrine systems. Endocr Rev 2010; 31: 98-132.

29. Bottcher B, Seeber B, Leyendecker G, Wildt L. Impact of the opioid system on the
reproductive axis. Fertil Steril 2017; 108: 207-13.

30. Purohit V, Singh HH, Ahluwalia BS. Failure of methadone-treated human testes to
respond to the stimulatory effect of human chorionic gonadotrophin on testosterone biosynthesis
in vitro. J Endocrinol 1978; 78: 299-300.

31. Bawor M, Bami H, Dennis BB, et al. Testosterone suppression in opioid users: a
systematic review and meta-analysis. Drug Alcohol Depend 2015; 149: 1-9.

32. Mendelson JH, Mendelson JE, Patch VD. Plasma testosterone levels in heroin addiction
and during methadone maintenance. J Pharmacol Exp Ther 1975; 192: 211-17.

33. Azizi F, Vagenakis AG, Longcope C, Ingbar SH, Braverman LE. Decreased serum
testosterone concentration in male heroin and methadone addicts. Steroids 1973; 22: 467-72.

34, Yee A, Loh HS, Danaee M, Riahi S, Ng CG, Sulaiman AH. Plasma Testosterone and
Sexual Function in Southeast Asian Men Receiving Methadone and Buprenorphine Maintenance
Treatment. J Sex Med 2018; 15: 159-66.

35. Hallinan R, Byrne A, Agho K, McMahon CG, Tynan P, Attia J. Hypogonadism in men

receiving methadone and buprenorphine maintenance treatment. Int J Androl 2009; 32: 131-9.

24



36. Hejazian SH, Dashti MH, Rafati A. The effect of opium on serum LH, FSH and
testosterone concentration in addicted men. Iranian Journal of Reproductive Medicine 2007; 5:
35-8.

37. Shahramian I, Moradi A, Roosta L, et al. Effects of opium dependency on hypothalamic
pituitary gonadal axis. Journal of Medical Sciences 2006; 6: 209-12.

38. Ali K, Raphael J, Khan S, Labib M, Duarte R. The effects of opioids on the endocrine
system: An overview. Postgrad Med J 2016; 92: 677-81.

39. Coluzzi F, Billeci D, Maggi M, Corona G. Testosterone deficiency in non-cancer opioid-
treated patients. J Endocrinol Invest 2018; 41: 1377-88.

40. Wersocki E, Bedson J, Chen Y, LeResche L, Dunn KM. Comprehensive systematic
review of long-term opioids in women with chronic noncancer pain and associated reproductive
dysfunction (hypothalamic-pituitary-gonadal axis disruption). Pain 2017; 158: 8-16.

41. Richardson E, Bedson J, Chen Y, Lacey R, Dunn KM. Increased risk of reproductive
dysfunction in women prescribed long-term opioids for musculoskeletal pain: A matched cohort
study in the Clinical Practice Research Datalink. European Journal of Pain (United Kingdom)
2018; 22: 1701-8.

42. Strasser F, Palmer JL, Schover LR, et al. The impact of hypogonadism and autonomic
dysfunction on fatigue, emotional function, and sexual desire in male patients with advanced
cancer: a pilot study. Cancer 2006; 107: 2949-57.

43, Merdin A, Merdin FA, Gunduz S, Bozcuk H, Coskun HS. Opioid endocrinopathy: A
clinical problem in patients with cancer pain. Exp Ther Med 2016; 11: 1819-22.

44, McWilliams K, Simmons C, Laird BJ, Fallon MT. A systematic review of opioid effects
on the hypogonadal axis of cancer patients. Support Care Cancer 2014; 22: 1699-704.

45. Rajagopal A, Vassilopoulou-Sellin R, Palmer JL, Kaur G, Bruera E. Symptomatic
hypogonadism in male survivors of cancer with chronic exposure to opioids. Cancer 2004; 100:
851-8.

25



46. Abs R, Verhelst J, Maeyaert J, et al. Endocrine consequences of long-term intrathecal
administration of opioids. J Clin Endocrinol Metab 2000; 85: 2215-22.

47. Aloisi AM, Aurilio C, Bachiocco V, et al. Endocrine consequences of opioid therapy.
Psychoneuroendocrinology 2009; 34 Suppl 1: S162-8.

48. Mendelson JH, Mello NK. Plasma testosterone levels during chronic heroin use and
protracted astinence. A study of Hong Kong addicts. Clin Pharmacol Ther 1975; 17: 529-33.

49. Daniell HW. Hypogonadism in men consuming sustained-action oral opioids. J Pain
2002; 3: 377-84.

50. Rubinstein A, Carpenter DM. Elucidating risk factors for androgen deficiency associated
with daily opioid use. Am J Med 2014; 127: 1195-201.

51. Rubinstein AL, Carpenter DM. Association Between Commonly Prescribed Opioids and
Androgen Deficiency in Men: A Retrospective Cohort Analysis. Pain Med 2017; 18: 637-44.

52. Varma A, Sapra M, Iranmanesh A. Impact of opioid therapy on gonadal hormones: Focus
on buprenorphine. Horm Mol Biol Clin Investig 2018; (no pagination).

53. Langford RM, Knaggs R, Farquhar-Smith P, Dickenson AH. Is tapentadol different from
classical opioids? A review of the evidence. Br J Pain 2016; 10: 217-21.

54. Reddy RG, Aung T, Karavitaki N, Wass JA. Opioid induced hypogonadism. BMJ 2010;
341: c4462.

55. Fountas A, Chai ST, Kourkouti C, Karavitaki N. MECHANISMS OF
ENDOCRINOLOGY: Endocrinology of opioids. Eur J Endocrinol 2018; 179: R183-r96.

56. Daniell HW, Lentz R, Mazer NA. Open-label pilot study of testosterone patch therapy in
men with opioid-induced androgen deficiency. J Pain 2006; 7: 200-10.

57. Basaria S, Travison TG, Alford D, et al. Effects of testosterone replacement in men with

opioid-induced androgen deficiency: a randomized controlled trial. Pain 2015; 156: 280-8.

26



58. Blick G, Khera M, Bhattacharya RK, Nguyen D, Kushner H, Miner MM. Testosterone
replacement therapy outcomes among opioid users: the Testim Registry in the United States
(TRiUS). Pain Med 2012; 13: 688-98.

59. Aloisi AM, Ceccarelli I, Carlucci M, et al. Hormone replacement therapy in morphine-
induced hypogonadic male chronic pain patients. Reprod Biol Endocrinol 2011; 9: 26.

60. Raheem OA, Patel SH, Sisul D, Furnish TJ, Hsieh TC. The Role of Testosterone
Supplemental Therapy in Opioid-Induced Hypogonadism: A Retrospective Pilot Analysis. Am j
2017;11: 1208-13.

61. O'Rourke TK, Jr., Wosnitzer MS. Opioid-Induced Androgen Deficiency (OPIAD):
Diagnosis, Management, and Literature Review. Curr Urol Rep 2016; 17: 76.

62. Daniell HW. Opioid endocrinopathy in women consuming prescribed sustained-action
opioids for control of nonmalignant pain. J Pain 2008; 9: 28-36.

63. Rhodin A, Stridsberg M, Gordh T. Opioid endocrinopathy: a clinical problem in patients
with chronic pain and long-term oral opioid treatment. Clin J Pain 2010; 26: 374-80.

64. Safarinejad MR, Asgari SA, Farshi A, et al. The effects of opiate consumption on serum
reproductive hormone levels, sperm parameters, seminal plasma antioxidant capacity and sperm
DNA integrity. Reprod Toxicol 2013; 36: 18-23.

65. Farag AGA, Basha MA, Amin SA, et al. Tramadol (opioid) abuse is associated with a
dose- and time-dependent poor sperm quality and hyperprolactinaemia in young men. Andrologia
2018; 50.

66. Glahn A, Heberlein A, Dursteler-MacFarland KM, et al. Atrial natriuretic peptide,
arginine vasopressin peptide and cortisol serum levels in opiate-dependent patients.
Neuropsychobiology 2013; 67: 111-5.

67. Allolio B, Schulte HM, Deuss U, Kallabis D, Hamel E, Winkelman W. Effect of oral
morphine and naloxone on pituitary-adrenal response in man induced by human corticotropin-
releasing hormone. Acta Endocrinol (Copenh) 1987; 114: 509-14.

27



68. Rittmaster RS, Cutler GB, Jr., Sobel DO, et al. Morphine inhibits the pituitary-adrenal
response to ovine corticotropin-releasing hormone in normal subjects. J Clin Endocrinol Metab
1985; 60: 891-5.

69. Coiro V, Volpi R, Stella A, Venturi N, Chiodera P. Stimulatory effect of naloxone on
plasma cortisol in human: Possible direct stimulatory action at the adrenal cortex. Regul Pept
2011; 166: 1-2.

70. Bershad AK, Jaffe JH, Childs E, de Wit H. Opioid partial agonist buprenorphine
dampens responses to psychosocial stress in humans. Psychoneuroendocrinology 2015; 52: 281-
8.

71. Bershad AK, Miller MA, Norman GJ, de Wit H. Effects of opioid- and non-opioid
analgesics on responses to psychosocial stress in humans. Horm Behav 2018; 102: 41-7.

72. Watanabe K, Kashiwagi K, Kamiyama T, et al. High-dose remifentanil suppresses stress
response associated with pneumoperitoneum during laparoscopic colectomy. J Anesth 2014; 28:
334-40.

73. Valverde-Filho J, da Cunha Neto MB, Fonoff ET, Meirelles Ede S, Teixeira MJ. Chronic
spinal and oral morphine-induced neuroendocrine and metabolic changes in noncancer pain
patients. Pain Med 2015; 16: 715-25.

74. Gibb FW, Stewart A, Walker BR, Strachan MW. Adrenal insufficiency in patients on
long-term opioid analgesia. Clin Endocrinol (Oxf) 2016; 85: 831-5.

75. Lamprecht A, Sorbello J, Jang C, Torpy DJ, Inder WJ. Secondary adrenal insufficiency
and pituitary dysfunction in oral/transdermal opioid users with non-cancer pain. Eur J Endocrinol
2018.

76. Mussig K, Knaus-Dittmann D, Schmidt H, Morike K, Haring HU. Secondary adrenal
failure and secondary amenorrhoea following hydromorphone treatment. Clin Endocrinol (Oxf)

2007; 66: 604-5.

28



77. Debono M, Chan S, Rolfe C, Jones TH. Tramadol-induced adrenal insufficiency. Eur J
Clin Pharmacol 2011; 67: 865-7.

78. Das G. Chronic heroin dependence leading to adrenal insufficiency. Case Rep Endocrinol
2014; 2014: 461816.

79. Napier C, Gan EH, Pearce SH. Loperamide-induced hypopituitarism. BMJ Case Rep
2016; 2016.

80. Oltmanns KM, Fehm HL, Peters A. Chronic fentanyl application induces adrenocortical
insufficiency. J Intern Med 2005; 257: 478-80.

81. Policola C, Stokes V, Karavitaki N, Grossman A. Adrenal insufficiency in acute oral
opiate therapy. Endocrinol Diabetes Metab Case Rep 2014; 2014: 130071.

82. Gerber H, Borgwardt SJ, Schmid O, et al. The impact of diacetylmorphine on
hypothalamic-pituitary-adrenal axis activity and heroin craving in heroin dependence. Eur Addict
Res 2012; 18: 116-23.

83. Facchinetti F, Grasso A, Petraglia F, Parrini D, Volpe A, Genazzani AR. Impaired
circadian rhythmicity of beta-lipotrophin, beta-endorphin and ACTH in heroin addicts. Acta
Endocrinol (Copenh) 1984; 105: 149-55.

84. Nenke MA, Haylock CL, Rankin W, et al. Low-dose hydrocortisone replacement
improves wellbeing and pain tolerance in chronic pain patients with opioid-induced
hypocortisolemic responses. A pilot randomized, placebo-controlled trial.
Psychoneuroendocrinology 2015; 56: 157-67.

85. Hannibal KE, Bishop MD. Chronic stress, cortisol dysfunction, and pain: a
psychoneuroendocrine rationale for stress management in pain rehabilitation. Phys Ther 2014; 94:
1816-25.

86. Wehrenberg WB, Bloch B, Ling N. Pituitary secretion of growth hormone in response to
opioid peptides and opiates is mediated through growth hormone-releasing factor.
Neuroendocrinology 1985; 41: 13-6.

29



87. Bhansali A, Velayutham P, Sialy R, Sethi B. Effect of opiates on growth hormone
secretion in acromegaly. Horm Metab Res 2005; 37: 425-7.

88. Hemmings R, Fox G, Tolis G. Effect of morphine on the hypothalamic-pituitary axis in
postmenopausal women. Fertil Steril 1982; 37: 389-91.

89. Tolis G, Hickey J, Guyda H. Effects of morphine on serum growth hormone, cortisol,
prolactin and thyroid stimulating hormone in man. J Clin Endocrinol Metab 1975; 41: 797-800.
90. Merza Z, Edwards N, Walters SJ, Newell-Price J, Ross RJ. Patients with chronic pain and
abnormal pituitary function require investigation. Lancet 2003; 361: 2203-4.

91. Cushman P, Jr. Growth hormone in narcotic addiction. J Clin Endocrinol Metab 1972;
35: 352-8.

92. Freeman ME, Kanyicska B, Lerant A, Nagy G. Prolactin: structure, function, and
regulation of secretion. Physiol Rev 2000; 80: 1523-631.

93. Tolis G, Dent R, Guyda H. Opiates, prolactin, and the dopamine receptor. J Clin
Endocrinol Metab 1978; 47: 200-3.

94. Vescovi PP, Pezzarossa A, Ceresini G. Effects of dopamine receptor stimulation on
opiate-induced modifications of pituitary-gonadal function. Horm Res 1985; 21: 155-9.

95. Zis AP, Remick RA, Clark CM, Goldner E, Grant BE, Brown GM. Effect of morphine on
cortisol and prolactin secretion in anorexia nervosa and depression. Clin Endocrinol (Oxf) 1989;
30: 421-7.

96. Banki CM, Arato M. Multiple hormonal responses to morphine: relationship to diagnosis
and dexamethasone suppression. Psychoneuroendocrinology 1987; 12: 3-11.

97. Zis AP, Haskett RF, Albala AA, Carroll BJ. Morphine inhibits cortisol and stimulates
prolactin secretion in man. Psychoneuroendocrinology 1984; 9: 423-7.

98. Su CF, Liu MY, Lin MT. Intraventricular morphine produces pain relief, hypothermia,
hyperglycaemia and increased prolactin and growth hormone levels in patients with cancer pain. J
Neurol 1987; 235: 105-8.

30



99. Provinciali M, Di Stefano G, Stronati S, Raffaeli W, Pari G, Fabris N. Role of prolactin
in the modulation of NK and LAK cell activity after short- or long-term morphine administration
in neoplastic patients. Int J Immunopharmacol 1996; 18: 577-86.

100.  Mendelson JH, Mello NK, Teoh SK, Lloyd-Jones JG, Clifford JM. Naloxone suppresses
buprenorphine stimulation of plasma prolactin. J Clin Psychopharmacol 1989; 9: 105-9.

101.  Saarialho-Kere U, Mattila MJ, Seppala T. Psychomotor, respiratory and
neuroendocrinological effects of a mu-opioid receptor agonist (oxycodone) in healthy volunteers.
Pharmacol Toxicol 1989; 65: 252-7.

102.  Hoehe M, Duka T, Doenicke A. Human studies on the mu opiate receptor agonist
fentanyl: neuroendocrine and behavioral responses. Psychoneuroendocrinology 1988; 13: 397-
408.

103. Chan V, Wang C, Yeung RT. Effects of heroin addiction on thyrotrophin, thyroid
hormones and porlactin secretion in men. Clin Endocrinol (Oxf) 1979; 10: 557-65.

104.  Moshtaghi-Kashanian GR, Esmaeeli F, Dabiri S. Enhanced prolactin levels in opium
smokers. Addict Biol 2005; 10: 345-9.

105.  Kley HK, Oellerich M, Wiegelmann W, et al. The effect of methadone on hypophyseal
and peripheral glandular hormones during withdrawal. Horm Metab Res 1977; 9: 484-8.

106.  Bliesener N, Albrecht S, Schwager A, Weckbecker K, Lichtermann D, Klingmuller D.
Plasma testosterone and sexual function in men receiving buprenorphine maintenance for opioid
dependence. J Clin Endocrinol Metab 2005; 90: 203-6.

107.  Pende A, Musso NR, Montaldi ML, Pastorino G, Arzese M, Devilla L. Evaluation of the
effects induced by four opiate drugs, with different affinities to opioid receptor subtypes, on
anterior pituitary LH, TSH, PRL and GH secretion and on cortisol secretion in normal men.
Biomed Pharmacother 1986; 40: 178-82.

108.  Devilla L, Pende A, Morgano A, Giusti M, Musso NR, Lotti G. Morphine-induced TSH
release in normal and hypothyroid subjects. Neuroendocrinology 1985; 40: 303-8.

31



109.  Vescovi PP, Gerra G, Rastelli G, Ceda GP, Valenti G. Effect of methadone on TSH and
thyroid hormone secretion. Horm Metab Res 1984; 16: 53-4.

110. Brambilla F, Nobile P, Zanoboni A, Zanoboni-Muciaccia W, Meroni PL. Effects of
chronic heroin addiction on pituitary-thyroid function in man. J Endocrinol Invest 1980; 3: 251-5.
111.  Spagnolli W, De Venuto G, Mattarei M, Dal Ri P, Miori R. Prolactin and thyrotropin
pituitary response to thyrotropin releasing hormone in young female heroin addicts. Drug Alcohol
Depend 1987; 20: 247-54.

112. Moshtaghi-Kashanian GR, Esmaeceli F, Dabiri S. Enhanced prolactin levels in opium
smokers. Addict Biol 2005; 10: 345-9.

113.  Gozashti MH, Mohammadzadeh E, Divsalar K, Shokoohi M. The effect of opium
addiction on thyroid function tests. Journal of diabetes and metabolic disorders 2014; 13: 5.

114.  Grossman A, Besser GM, Milles JJ, Baylis PH. Inhibition of vasopressin release in man
by an opiate peptide. Lancet 1980; 2: 1108-10.

115.  Lightman SL, Langdon N, Forsling ML. Effects of the opiate antagonist naloxone and the
enkephalin analog DAMME on the vasopressin response to a hypertonic stimulus in man. J Clin
Endocrinol Metab 1980; 51: 1447-9.

116.  Brownell J, del Pozo E, Donatsch P. Inhibition of vasopressin secretion by a met-
enkephalin (FK 33-824) in humans. Acta Endocrinol (Copenh) 1980; 94: 304-8.

117. Kramer HJ, Uhl W, Ladstetter B, Backer A. Influence of asimadoline, a new kappa-
opioid receptor agonist, on tubular water absorption and vasopressin secretion in man. Br J Clin
Pharmacol 2000; 50: 227-35.

118. Rimoy GH, Bhaskar NK, Wright DM, Rubin PC. Mechanism of diuretic action of
spiradoline (U-62066E)--a kappa opioid receptor agonist in the human. Br J Clin Pharmacol
1991; 32: 611-5.

119.  Weiskopf RB, Reid IA, Fisher DM, Holmes MA, Rosen JI, Keil LC. Effects of fentanyl
on vasopressin secretion in human subjects. J Pharmacol Exp Ther 1987; 242: 970-3.

32



120.  Manner T, Kanto J, Scheinin H, Viinamaki O, Scheinin M. Meptazinol and pentazocine:
effects on prolactin, growth hormone and vasopressin levels in plasma. Pharmacol Toxicol 1987;
61:301-4.

121.  Brown CH, Russell JA, Leng G. Opioid modulation of magnocellular neurosecretory cell
activity. Neurosci Res 2000; 36: 97-120.

122. Lindow SW, van der Spuy ZM, Hendricks MS, Rosselli AP, Lombard C, Leng G. The
effect of morphine and naloxone administration on plasma oxytocin concentrations in the first
stage of labour. Clin Endocrinol (Oxf) 1992; 37: 349-53.

123.  Stocche RM, Klamt JG, Antunes-Rodrigues J, Garcia LV, Moreira AC. Effects of
intrathecal sufentanil on plasma oxytocin and cortisol concentrations in women during the first
stage of labor. Reg Anesth Pain Med 2001; 26: 545-50.

124.  Lindow SW, Hendricks MS, Nugent FA, Dunne TT, van der Spuy ZM. Morphine
suppresses the oxytocin response in breast-feeding women. Gynecol Obstet Invest 1999; 48: 33-7.
125.  Lindow SW, van der Spuy ZM, Hendricks MS, Nugent FA, Dunne TT. The effect of
morphine and naloxone administration on maternal oxytocin concentration in late pregnancy. Clin
Endocrinol (Oxf) 1993; 39: 671-5.

126.  Shibli KU, Dhillon AR, Goode JA, et al. Effect of intrathecal fentanyl on oxytocin
secretion in pregnant women not in labour. Clin Sci (Lond) 2001; 101: 415-9.

127.  Coluzzi F, Pergolizzi J, Raffa RB, Mattia C. The unsolved case of "bone-impairing
analgesics": the endocrine effects of opioids on bone metabolism. Ther Clin Risk Manag 2015;
11: 515-23.

128.  Perez-Castrillon JL, Olmos JM, Gomez JJ, et al. Expression of opioid receptors in
osteoblast-like MG-63 cells, and effects of different opioid agonists on alkaline phosphatase and
osteocalcin secretion by these cells. Neuroendocrinology 2000; 72: 187-94.

129.  Daniell HW. Opioid osteoporosis. Arch Intern Med 2004; 164: 338; author reply

33



130. Balodimos S, Nikolaou K, Njau S, Karamouzis M, Kovatsi L. The effect of opioid
dependence on conventional and novel biochemical parameters of bone metabolism. Am J Drug
Alcohol Abuse 2015; 41: 535-40.

131.  Gotthardt F, Huber C, Thierfelder C, et al. Bone mineral density and its determinants in
men with opioid dependence. J Bone Miner Metab 2017; 35: 99-107.

132.  Grey A, Rix-Trott K, Horne A, Gamble G, Bolland M, Reid IR. Decreased bone density
in men on methadone maintenance therapy. Addiction 2011; 106: 349-54.

133, Duarte RV, Raphael JH, Southall JL, Labib MH, Whallett AJ, Ashford RL.
Hypogonadism and low bone mineral density in patients on long-term intrathecal opioid delivery
therapy. BMJ Open 2013; 3.

134.  Fraser LA, Morrison D, Morley-Forster P, et al. Oral opioids for chronic non-cancer pain:
higher prevalence of hypogonadism in men than in women. Exp Clin Endocrinol Diabetes 2009;
117: 38-43.

135.  Kinjo M, Setoguchi S, Schneeweiss S, Solomon DH. Bone mineral density in subjects
using central nervous system-active medications. Am J Med 2005; 118: 1414.

136.  Vestergaard P, Hermann P, Jensen JE, Eiken P, Mosekilde L. Effects of paracetamol,
non-steroidal anti-inflammatory drugs, acetylsalicylic acid, and opioids on bone mineral density
and risk of fracture: results of the Danish Osteoporosis Prevention Study (DOPS). Osteoporos Int
2012; 23: 1255-65.

137. Kim TW, Alford DP, Malabanan A, Holick MF, Samet JH. Low bone density in patients
receiving methadone maintenance treatment. Drug Alcohol Depend 2006; 85: 258-62.

138.  Milos G, Gallo LM, Sosic B, et al. Bone mineral density in young women on methadone
substitution. Calcif Tissue Int 2011; 89: 228-33.

139.  Pedrazzoni M, Vescovi PP, Maninetti L, et al. Effects of chronic heroin abuse on bone

and mineral metabolism. Acta Endocrinol (Copenh) 1993; 129: 42-5.

34



140.  Takkouche B, Montes-Martinez A, Gill SS, Etminan M. Psychotropic medications and
the risk of fracture: a meta-analysis. Drug Saf 2007; 30: 171-84.

141. Teng Z, Zhu Y, Wu F, et al. Opioids contribute to fracture risk: a meta-analysis of 8
cohort studies. PL0S One 2015; 10: e0128232.

142.  Ping F, Wang Y, Wang J, et al. Opioids increase hip fracture risk: a meta-analysis. J
Bone Miner Metab 2017; 35: 289-97.

143.  Vestergaard P, Rejnmark L, Mosekilde L. Fracture risk associated with the use of
morphine and opiates. J Intern Med 2006; 260: 76-87.

144.  Miller M, Sturmer T, Azrael D, Levin R, Solomon DH. Opioid analgesics and the risk of
fractures in older adults with arthritis. J Am Geriatr Soc 2011; 59: 430-8.

145.  Saunders KW, Dunn KM, Merrill JO, et al. Relationship of opioid use and dosage levels
to fractures in older chronic pain patients. J Gen Intern Med 2010; 25: 310-5.

146.  Krebs EE, Paudel M, Taylor BC, et al. Association of Opioids with Falls, Fractures, and
Physical Performance among Older Men with Persistent Musculoskeletal Pain. J Gen Intern Med
2016; 31: 463-9.

147. Bhasin S, Brito JP, Cunningham GR, et al. Testosterone Therapy in Men With
Hypogonadism: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab
2018; 103: 1715-44.

Panel 1

Types, Pharmacology and Use of Opioids

Opium is obtained from the unripe seedpods of the opium poppy (Papaver somniferum), and its
use was first reported around 4000 BC, when the opium poppy was cultivated in lower
Mesopotamia by the Sumerians. The term “opiates” is used for the natural alkaloids of opium,
like morphine, and the synthetic drugs derived from these, such as codeine and heroin, whilst
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“opioids” refers to all chemicals binding to opioid receptors. Opioids can be classified in three
categories: 1) natural compounds (morphine, codeine, papaverine and thebaine), ii) semi-synthetic
compounds [e.g. diamorphine (heroin), hydromorphone, hydrocodone, oxymorphone, oxycodone,
buprenorphine], and iii) fully synthetic compounds (fentanyl, pethidine, tramadol, alfentanil,
methadone, remifentanil).® The endogenous opioid system constitutes a different category and
consists of opioid peptides that derive from proteolytic cleavage of large protein precursors,
including proopiomelanocortin, preproenkephalin and preprodynorphin, which are the precursors
of B-endorphin, enkephalins and dynorphin, respectively‘9

Opioids exert their actions by binding to opioid receptors (expressed in central and peripheral
neurons and in neuroendocrine, immune and ectodermal cells) which belong to the class A
gamma subgroup of seven transmembrane G protein—coupled receptors.'® Although many opioid
receptor subtypes have been proposed, p-, k- and 8- are the main ones; nociceptin/orphanin
opioid peptide (NOP) receptor is the most recently discovered member of the opioid receptor
family.'"""? The actions of the most commonly used opioids on these receptors are shown in Table
1.

In clinical practice, opioids are primarily used as analgesic agents. Although p-receptor is the
main target for opioid analgesics, 8- and k-receptors also regulate pain and analgesia;'' the
involvement of NOP receptor is under investigation.”” Some types (codeine, morphine and
methadone) are also used in chronic cough (especially in patients with lung cancer),"® whilst some
p-receptor agonists (loperamide, codeine) and mixed opioid receptor agonists/antagonists are
used for diarrhoea-predominant irritable bowel syndrome." Morphine has been used for a long
time to relieve pain, dyspnoea and anxiety in patients with acute myocardial infarction or
pulmonary oedema but, nowadays, its use has been significantly decreased due to possible
elevated morbidity and mortality risk in these patients.>'® Finally, heroin is used as a recreational

drug due to its euphoric effects.
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Panel 2

Epidemiology of Regular Prescribed Opioid Use and Opioid Use Disorder

The use of opioids has significantly grown over the last 20 years. The overall national opioid
prescribing rate in USA, the highest in the world, steadily increased since 2006, reaching its peak
in 2012 (81-3 prescriptions per 100 persons), and then decreased to 66-5 prescriptions per 100
persons in 2016."7 This possibly reflects the change in the opioid prescribing practice amongst the
healthcare providers, who became more cautious about the opioid-related risks of addiction and
overdose for their patients. Increased prescribing of opioids has been also observed in the rest of
the world. Between 2006 and 2016, the opioid prescribing rate in Australia increased by 33-5%,
approaching the USA one, whilst the prescription rate of strong opioids rose by 25-3%.'%"
Finally, England, although still having the lowest prescribing rate compared with USA and
Australia, demonstrated a doubling in the number of prescriptions during the same ten-year
period, with the dispended strong opioids showing increase by 135%.>” Opioid prescription rates
(per 100 persons) in USA, Australia and England between 2006 and 2016 are demonstrated in
Figure 1a.

Opioid misuse has also been on the rise, as well as the number of patients with “opioid use
disorder”. This term has been introduced by the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders aiming to replace previous used terms of “opioid dependence and
abuse”. It includes signs and symptoms associated with compulsive and prolonged self-
administration of opioid substances for no legitimate medical purposes or, in cases of a medical
condition requiring opioid treatment, with consumption of excessive doses than those actual
needed.”’ In 2016, 4-4% of USA population aged 12 or more reported opioid misuse in the
previous year, with this being highest amongst young persons (aged 18-34); 0-8% of persons
aged 12 and older reported opioid use disorder and 0-4% mentioned heroin use in the previous
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year, respectively.'” In Australia, 3:6% of the population aged 14 or older misused
pharmaceutical opioids during 2016, whilst the proportion of those used heroin in the previous 12
months has remained stable (0-2%) between 2001-2016.>* In England and Wales, the 2015/16
survey estimated that in the previous year, 7-5% of persons aged 16 to 59 had taken a
prescription-only opioid painkiller not prescribed to them, while 0-1% of them reported heroin
use.”

The growing use of opioids has translated into an increased number of opioid-related deaths. In
USA, the age-adjusted rate of drug overdose deaths attributed to opioids increased more than 4-
times from 2000 to 2016.** Between 2013 and 2016, and despite the reduction of opioid
prescription rates, an increase of the opioid-related deaths was noticed which was primarily
driven by deaths associated with synthetic opioids, especially the illicitly manufactured fentanyl,
and to a lesser extent by deaths involving prescription opioids or heroin. However, it should be
noted that heroin overdose death rates have more than tripled since 2010.>** In Australia, the
age-adjusted rate of opioid overdose deaths has also increased by 214% from 2006 to 2016.
During this interval, the age-adjusted rate of overdose deaths involving synthetic opioids, heroin
and natural opioids demonstrated a 10-, 4- and 2-times increase, respectively.® Finally, in
England and Wales there was a 64% increase in the number of deaths attributed to opioids during
the same 10-year period. The higher increase of deaths was also due to synthetic opioids,
followed by heroin or morphine and natural or other semi-synthetics opioids.”” The age-adjusted
opioid overdose death rates (per 100000 persons) in USA, Australia, England and Wales between

2000 and 2016 are demonstrated in Figure 1b.

Search strategy and selection criteria

With the help of a librarian, we performed a comprehensive literature search for articles

published in MEDLINE, EMBASE, Cochrane Library and Web of Science up to June 14, 2019.
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The following We—used-the—search terms_were used: “—opioid™", “opiate”, “opioid agonist”,

“opiate agonist”, “opium”, “morphine”, “heroin”, ‘“diamorphine”, “dihydromorphine”

“ethylmorphine”, “‘azidomorphine”, “normorphine”, “hydromorphone”, “oxymorphone”,

“pentamorphone”, “morphinone” “codeine”, “hydrocodone”, ‘“‘oxycodone”, “methadone”,

“isomethadone”, “tramadol”, ‘“desmetramadol”, “fentanyl”, “carfentanil”, “buprenorphine”e

CEINNT3

“epiate”, “alfentanil”, “remifentanil”, “pentazocine”, “pethidine

CLINNT3

meperidine”-_in combination

with each of the terms “pituitary”, “hypopituitarism”, "androgen”, “androgen deficiency”,

“hypogonadism”, “gonadotropin”, “testosterone”, “oligomenorrhoea”, “amenorrhoea”, “‘sexual

ELENTS

dusfunction”, “fertility”, “adrenal”, “adrenal insufficiency”, “hypoadrenalism”, “adrenal crisis”,

“cortisol”, “hypocotisolism”, “hypocortisolaemia”, “growth hormone”, “insulin-like growth

factor 17, “prolactin”, “hyperprolactinaemia”, “thyroid”, “TSH”, “hypothyroidism”,

“hyperthyroidism”, “vasopressin”, “antidiuretic hormone”, “oxytocin”, “bones”, “osteopenia”,

“osteoporosis”, “bone mineral density” and “fracture”endeecrine’or"endoerinopathy". We gave

priority for inclusion to relevant scientific literature published from 2013 onwards, although
selected key older references are also cited. We also searched the reference lists of articles
identified by this search strategy and selected those we judged relevant. Review articles are cited

to provide readers with more details and more references than this Review has room for.

Legends for figures
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Figure 1: (a) Opioid prescription rates (per 100 persons) in England, USA and Australia between
2006 and 2016.% (b) Age-adjusted opioid overdose death rates (per 100000 persons) in

England/Wales, USA and Australia between 2000 and 20167,

Figure 2: Proposed algorithm for the monitoring, diagnosis and management of endocrinopathies

in patients on chronic opioid use.
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