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ABSTRACT

Background: Opioid abuse is a public health crisis. As opioid misuse worsens, efforts are being made to increase
access to medication-assisted treatments. Methadone is a medication-assisted treatment used to treat opioid
dependence and chronic pain. While methadone is beneficial in the treatment of opiate abuse and chronic pain,
side effects of the medication include hormonal and sexual function changes. The purpose of this report is to
review the effects of methadone on the hypothalamic pituitary gonadal axis hormones and sexual functioning in
males and females.

Methods: A search of PubMed was conducted using pre-defined criteria, resulting in the evaluation of 295 ar-
ticles. A total of 72 articles, including 52 human studies and 20 animal studies, met the selection criteria and
were reviewed. The included studies examined the effects of methadone on the hypothalamic pituitary gonadal
axis and/or sexual function.

Results: There was evidence of methadone-induced hormonal changes, disruptions in the hypothalamic pituitary
gonadal axis, and sexual dysfunction, although there was some variability in the results of the reviewed studies.
Differences in methadone dose and length of exposure to treatment appears to influence the variability in the
results. Much of the literature examines the effects of methadone in males, with very limited research examining
the effects in females.

Conclusions: Despite its effectiveness for opiate abuse and chronic pain treatment, methadone has disruptive
effects on the hypothalamic pituitary gonadal axis and sexual function. Further research is warranted to better
define potential methadone-induced endocrine consequences and to further examine the effects of methadone in
females.

1. Introduction

opioid receptors compared to other opioids (for review, see (Garrido
and Troconiz, 1999)) but has a substantially longer half-life of 23-26.8

Opioid dependence and opioid overdose deaths are a public health
crisis in the United States, with more than 115 Americans dying of
opioid overdoses per day (CDC, 2018). In 2018, synthetic opioids ac-
counted for 59.8 % of all opioid overdose deaths, a 45.2 % increase
from 2017 (CDC, 2018). According to the National Survey on Drug Use
and Health (NSDUH), 11.4 million people aged 12 or older misused
opioids in 2017, the vast majority of whom (11.1 million) misused
prescription pain medications for the primary reason of relieving pain
(SAMHSA, 2018). As the opioid epidemic continues to worsen, efforts
are being made to expand access to medication-assisted treatment and
harm reduction services.

Methadone is therapeutically used to treat opioid dependence and
manage chronic pain. Methadone is a synthetic p-opioid receptor ago-
nist (Garrido and Troconiz, 1999). Methadone has a lower affinity for p-

h (Wolff et al., 1993). Despite these beneficial uses of methadone, it can
still be illicitly abused. However, methadone has one of the lowest rates
of misuse compared to other opioids, with only 0.1 % of people aged 12
or older misusing methadone (SAMHSA, 2018).

Opioids, including methadone, affect the hypothalamic pituitary
gonadal (HPG) axis, although the precise mechanism of these effects
remain unclear. The HPG axis is regulated by a negative feedback
mechanism. In response to low circulating levels of testosterone (in
males) or estradiol (in females), the hypothalamus releases gonado-
tropin releasing hormone (GnRH), which acts on the anterior pituitary
to secrete luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) (Plant, 2015). After being secreted into the bloodstream, LH and
FSH bind to receptors in the testes (in males) and ovaries (in females),
which subsequently increase the release of testosterone (in males) and
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Fig. 1. Flowchart of identification and screening process for included articles (Moher et al., 2009).

estrogens and progesterone (in females) (for review, see (Smith and
Elliott, 2012)). Testosterone and estrogens and progesterone act as
negative regulators by indirectly inhibiting further GnRH release in the
hypothalamus (Plant, 2015) as well as inhibiting LH release in the
anterior pituitary (Shaw et al., 2010). Prolactin is a hormone with a
variety of functions that is secreted from the anterior pituitary and can
indirectly inhibit GnRH release from the hypothalamus (for a review,
see (Grattan, 2015)).

Sex hormones and the HPG axis play an important homeostatic and
physiological role in modulating sexual behavior. Opiate-induced al-
terations in the HPG axis can result in hypogonadism and changes in
sexual function. While these symptoms may improve over time, studies
show that methadone-induced sexual disorders are common (for meta-
analysis review, see (Babakhanian et al., 2017)), and may be proble-
matic for individuals initiating methadone treatment. It remains un-
clear whether these alterations occur at the level of the hypothalamus
and pituitary gland or via direct action on secondary reproductive sex
organs and the gonads (testes or ovaries). Moreover, these alterations
may be sex-specific. In the context of the current opioid crisis in the
United States, it is important for clinicians and scientists to be aware of
the potential effects of methadone on HPG axis and sexual function to
inform the best treatment for patients.

Previous reviews have examined the effects of opioids, including
methadone, on the endocrine system and sexual functioning (Bawor
et al., 2015; Colameco and Coren, 2009; Katz and Mazer, 2009; Smith
and Elliott, 2012; Thomas et al., 1977; Varma et al., 2018; Yee et al.,
2014). To the best of our knowledge, no reviews have examined the
effects of methadone on the HPG axis and sexual function in both males
and females. Furthermore, more recent reviews have focused on other
opiate drugs such as buprenorphine. This review examines the litera-
ture on methadone’s effects on the HPG axis and sexual function in
males and females.

2. Methods
2.1. Search strategy

PubMed was searched for peer-reviewed articles in English using
two sets of keywords: (1) methadone, (2) sex differences, sex hormones,
sex steroids, gonadal steroid hormones, testosterone, estrogen, estra-
diol, estriol, follicle-stimulating hormone, luteinizing hormone, pro-
lactin, progesterone, sexual function, secondary sex organs. Boolean
indicator “or” was used between the terms in the second set of key-
words, and Boolean indicator “and” was used between the first and
second set of keywords. We additionally searched the reference lists of
included articles to scan for any relevant studies that may have not
populated during our initial search. The last literature search was
completed in May 2019.

2.2. Inclusion and exclusion criteria

Articles examining humans or utilizing animal models that in-
vestigated the effect of methadone on the HPG axis or sexual function
and met the following criteria were included for this review: observa-
tional studies (i.e., cohort, cross sectional, case control, case crossover),
or interventional studies (i.e., pre-post, non-randomized trial, rando-
mized controlled trials). There were no restrictions based on demo-
graphic measures or the duration of methadone treatment. Included
studies were ones that: compared methadone users to non-methadone
control groups; studies that compared hormone values of methadone
users to the corresponding standard reference ranges; within-subject
studies that compared before and after initiation of methadone use; and
studies that measured percentage of occurrence within methadone
users. Excluded studies were ones that: were case studies; were un-
controlled trials; compared methadone users to another opioid (e.g.,
heroin) or drug using groups; studies where the effect of hormone
manipulation on opioid efficacy was measured; and studies without any
quantitative comparisons using statistics. Review articles and meta-
analyses were read and reference lists searched for additional articles to
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include. However, review articles and meta-analyses were not included
as counted articles. Based on these criteria, a total of 295 articles were
reviewed and 216 research articles and 7 review/meta-analysis articles
from the search were excluded (Fig. 1).

2.3. Data screening

Articles were title and abstract screened for relevance using the
aforementioned inclusion criteria. Identified relevant articles under-
went further full text analysis. Authors conducted the literature search,
screening, and data extraction independently; disagreements at any
phase of the literature review and screening process were resolved by
discussion. This systematic review follows the guidelines laid out in the
Preferred Reporting Items for Systemic Reviews and Meta-Analyses:
The PRISMA Statement (Moher et al., 2009).

3. Results
3.1. Screening results

A total of 72 articles were identified for inclusion (Fig. 1). Of the 72
articles reviewed, 52 were human studies; 42 investigated therapeutic
methadone use for treatment of opioid abuse (Table 1), 6 investigated
therapeutic methadone use for chronic pain (Table 2), 2 investigated
illicit methadone use (Table 3), and 2 examined the effects of metha-
done in methadone- and drug-naive participants (Table 3). Of the 72
articles reviewed, 20 were animal studies (Table 4).

3.2. Prolactin

Studies examining methadone’s effect on prolactin levels produce
conflicting results. Men receiving methadone treatment for opioid
abuse show no differences in prolactin levels compared to controls
without methadone (Hallinan et al., 2007; Ragni et al., 1988), or
compared to the medically accepted standard ranges of prolactin
(Brown et al., 2005; Hallinan et al., 2008; Spring et al., 1992;
Trajanovska et al., 2013). In addition, men receiving methadone for
treatment of opiate abuse do not show any acute changes in prolactin
concentration before or after their regularly scheduled doses of me-
thadone (Cushman and Kreek, 1974). Other research, however, has
found that men receiving methadone treatment for opioid abuse show
increased prolactin levels compared to controls without methadone
(Gerra et al., 2016; Willenbring et al., 1989; Woody et al., 1988) and
compared to standard reference ranges (Lafisca et al., 1981). Similarly,
two 10 mg doses of methadone increase serum prolactin levels in men
diagnosed with mania (Judd et al., 1982). Studies reporting the effects
of methadone on prolactin levels in women are limited. Spagnolli et al.
(1987) show that women receiving methadone for opioid abuse have
increased serum prolactin levels compared to controls (Spagnolli et al.,
1987). HIV-infected women on methadone for opiate abuse show low
serum prolactin levels compared to controls (Cofrancesco et al., 2006),
whereas women diagnosed with breast cancer using methadone for pain
management show immediate increases in serum prolactin levels fol-
lowing administration of methadone compared to baseline levels
(Rolandi and Barreca, 1978).

Exposure to methadone at various doses increases prolactin levels in
male and female rat pups (Kuhn and Bartolome, 1984, 1983), young
adult male rats (Clemens and Sawyer, 1974), and adult male and female
rats (Bartolome and Kuhn, 1983; Kuhn and Bartolome, 1983). Simi-
larly, a lower acute dose of methadone (1 mg/kg) increases prolactin
levels in adult male rats compared to controls (Shaar and Clemens,
1980). Chronic methadone exposure (5 mg/kg/day for 20 days) has no
effect on prolactin levels compared to controls in adult male rats (Kuhn
and Bartolome, 1985). However, when the methadone dose is increased
by 1 mg/kg each day for 20 days, prolactin levels significantly decrease
on days 10 and 20 in young adult male rats (Kuhn and Bartolome,
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1985). Exposure to methadone during pregnancy in monkeys does not
alter prolactin levels compared to controls (Hein et al., 1991).

3.3. Follicle-stimulating hormone

FSH levels are not altered compared to controls or standard re-
ference ranges in men receiving methadone treatment for opioid abuse
(Hallinan et al., 2007; Ragni et al., 1988; Spring et al., 1992), or in
methadone-naive men (Delitala et al., 1983). In addition, men receiving
methadone for treatment of opiate abuse do not show any acute
changes in FSH concentration before or after their regularly scheduled
doses of methadone (Cushman and Kreek, 1974). In contrast, other
studies show that men receiving methadone for opioid abuse exhibit
decreased FSH levels compared to standard reference ranges (Lafisca
et al., 1981) or increased FSH levels compared to controls (Bonakdaran
et al., 2016). The discrepancy in the effects of methadone on FSH levels
between these studies could be due to the concurrent drug use in the
Lafisca et al. (1981) study. In men receiving opioids, including me-
thadone, for pain management, there are no differences in FSH levels
compared to controls without methadone (Rajagopal et al., 2004). Si-
milarly, men illicitly using methadone show no differences in FSH
compared to controls, although 33 % of the sample show elevated FSH
levels compared to the normal range for men of a similar age (Azizi
et al., 1973).

The research examining the effects of methadone on FSH levels in
women is limited. Methadone treatment for opioid abuse does not alter
FSH levels in pre- and post-menopausal women compared to controls
without methadone (Bonakdaran et al., 2016). Post-menopausal women
receiving opiate drug treatment for pain management, including me-
thadone, show decreased FSH levels compared to post-menopausal
control women, whereas FSH levels in pre-menopausal women are not
altered from pre-menopausal controls (Daniell, 2008). However, it is
important to note in this study that methadone was one of multiple
opiate drug treatments that were used for pain management and the
specific effects of methadone alone cannot be ascertained.

FSH levels are not altered in adult male rats chronically exposed to
varying doses of methadone in drinking water for 14 days compared to
vehicle controls (Ghowsi and Yousofvand, 2015). FSH levels are de-
creased in adult female mice exposed to 10 mg/kg/day of methadone
for 15 days (Bui et al., 1983a).

3.4. Luteinizing hormone

The literature examining the effects of methadone on LH levels in
men and women shows conflicting findings. For example, in men re-
ceiving methadone treatment for opioid abuse, LH levels are not re-
duced from control levels or standard reference ranges (Bonakdaran
et al., 2016; Cushman, 1972, 1973; Hallinan et al., 2008; Lafisca et al.,
1981; Ragni et al., 1988; Spring et al., 1992). In addition, men receiving
methadone for treatment of opiate abuse do not show any acute
changes in LH concentration before or after their regularly scheduled
doses of methadone (Cushman and Kreek, 1974) or any changes in LH
concentration after regular methadone treatment for an average of 1
year (Zhang et al., 2014). However, other studies demonstrate that men
receiving methadone for opioid abuse show decreased LH levels com-
pared to controls without methadone (Hallinan et al., 2007; Woody
et al., 1988). These differences in findings may be a result of differences
in the doses of methadone used, as participants in Hallinan et al. (2007)
and Woody et al. (1988) had higher mean daily doses of methadone.
Similarly, methadone-naive men show decreased LH levels following an
acute exposure to methadone (Delitala et al., 1983). Male cancer sur-
vivors receiving opioids for chronic pain, including methadone, show
decreased LH levels compared to controls (Rajagopal et al., 2004). In
men illicitly using methadone, LH levels are not reduced from control
levels (Azizi et al., 1973).

The research examining the effects of methadone on LH in women is
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limited. To the best of our knowledge, only one experimental study
examined the effects of methadone on LH levels in women compared to
drug-free controls. This study found that in pre- and post-menopausal
women on methadone treatment for opioid abuse, methadone does not
alter LH levels compared to controls without methadone (Bonakdaran
et al., 2016). Although not specific to methadone only, Daniell (2008)
showed that both pre- and post-menopausal women receiving opiate
drug treatment for pain management, including methadone, have lower
levels of LH compared to control pre- and post-menopausal women,
with more pronounced effects in post-menopausal women (Daniell,
2008).

Chronic exposure to methadone (either 5 mg/kg/day for 20 days or
10 mg/kg/day with 1 mg/day incremental increases for 20 days) in
young adult male rats decreases LH on days 10 and 20 compared to
vehicle controls (Kuhn and Bartolome, 1985). Adult male rats acutely
injected with methadone directly into the ventromedial hypothalamus
show decreases in LH release compared to vehicle controls (Singh et al.,
1982). LH levels are not altered in adult male rats chronically exposed
to varying doses of methadone in drinking water for 14 days compared
to vehicle controls (Ghowsi and Yousofvand, 2015).

In female adult rats, acute methadone exposure (15 mg/kg) blocks
the release of LH normally occurring in the late proestrus phase of the
cycle and results in less frequent ovulatory phases than in female rats
treated with vehicle or untreated controls (Johnson and Rosecrans,
1978). Acute methadone exposure (9 mg/kg and 15 mg/kg) prevents
ovulation entirely in female adult rats compared to vehicle controls,
although this effects was mitigated with exogenous LH administration
(Johnson and Rosecrans, 1980).

3.5. Testosterone

In men receiving methadone for opioid abuse, total plasma testos-
terone levels are reduced from control levels (Agha-Mohammadhasani
et al., 2018; Bawor et al., 2014; Cicero et al., 1975; Gerra et al., 2016;
Hallinan et al., 2007; Mendelson et al., 1975b; Woody et al., 1988) and
compared to standard ranges (Hallinan et al., 2008). Testosterone levels
are lower in men after receiving methadone compared to before me-
thadone treatment (Mendelson et al., 1975a). Other studies, however,
show no differences in total plasma testosterone levels in men receiving
methadone treatment for opioid abuse compared to standard ranges
(Brown et al., 2005; Lafisca et al., 1981; Spring et al., 1992) or com-
pared to controls (Bonakdaran et al., 2016; Cushman, 1973; Ragni
et al., 1988). In addition, men receiving methadone for treatment of
opiate abuse do not show any acute changes in testosterone con-
centration before or after their regularly scheduled doses of methadone
(Cushman and Kreek, 1974), although there is a reduction in plasma
testosterone levels in men after an average of 1 year on methadone
treatment (Zhang et al., 2014). In men receiving methadone for pain
management, plasma total testosterone levels are reduced from control
levels (Daniell, 2002a, 2002b; Rajagopal et al., 2004). HIV-infected
men on methadone for opiate abuse also demonstrate lowered total free
serum testosterone levels compared to standard ranges (Amini Lari
et al., 2012). In contrast, Ray et al. (2017) found that samples of serum
from men receiving opiates, including methadone, for pain manage-
ment do not have altered serum free testosterone levels compared to
controls without opiates (Ray et al., 2017). Azizi et al. (1973) show that
men illicitly using methadone have decreased total serum testosterone
concentrations compared to controls (Azizi et al., 1973).

Few studies have examined the effects of methadone on testosterone
levels in women. Methadone treatment for opiate abuse has no effect on
serum total testosterone levels in women compared to standard ranges
(Bawor et al., 2014). In contrast, HIV-infected women on methadone
for opiate abuse show lower serum total testosterone levels compared to
controls (Cofrancesco et al., 2006) and pre- and post-menopausal
women receiving sustained-action opioids, including methadone, for
treatment of chronic pain have significantly lower average total and
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free plasma testosterone levels compared to pre- and post-menopausal
controls not consuming opioids (Daniell, 2008).

Acute injection of methadone (10 mg/kg) directly into the ven-
tromedial hypothalamus in adult male rats decreases testosterone levels
compared to vehicle controls at 15, 30, and 60 min post-exposure
(Singh et al., 1982). In young adult male rats, chronic exposure to
methadone (5 mg/kg/day for 20 days) does not attenuate serum tes-
tosterone, whereas higher doses of methadone (5 mg/kg twice per day,
increasing 1 mg/kg/day for 20 days) decrease serum testosterone levels
compared to vehicle controls on days 5, 10, and 20 (Kuhn and
Bartolome, 1985). Chronic methadone exposure (5 mg/kg/day or 7.5
mg/kg/twice per day for 5 days and 10 mg/kg/day for 10 days) reduces
testosterone levels, seminal vesicles weight, and prostrate weight in
male rats on days 10 and 20 (Cicero et al., 1976). Purohit and collea-
gues (1979) also demonstrate that chronic exposure to methadone (10
mg/kg/day for 10 days) decreases testosterone levels, seminal vesicle
weight, and prostrate weight in adolescent male rats compared to ve-
hicle controls (Purohit et al., 1979). Daily injections of methadone (5
mg/kg, 10 mg/kg, or 20 mg/kg) for 10 days results in a dose-dependent
reduction in prostrate weight, seminal vesicle weight, and testicular
weight in adult male mice compared to vehicle controls (Thomas and
Dombrosky, 1975). On the other hand, Soyka and colleagues (1978)
find that methadone increases testicular weight, but does not affect
seminal vesicle weight or prostrate weight, in adult male rats compared
to controls (Soyka et al., 1978). Testosterone levels and teste, prostate,
and seminal vesicle weight are not altered in adult male rats chronically
exposed to varying doses of methadone in drinking water for 14 days
compared to vehicle controls (Ghowsi and Yousofvand, 2015).

Methadone reduces in vitro testosterone production in rat testicular
cell cultures compared to saline control (Jakubovic and McGeer, 1979).

3.6. Estrogens

Few studies have examined the effects of methadone on estrogens in
men or women. Estradiol levels are reduced in men using methadone
for opiate abuse treatment compared to controls (Hallinan et al., 2007).
Estradiol levels are not changed from standard reference range levels in
men receiving methadone for opioid abuse (Hallinan et al., 2008;
Lafisca et al., 1981) or in men illicitly using methadone compared to
controls (Azizi et al., 1973). Men receiving sustained-action opioids,
including methadone, for pain management exhibit decreased estradiol
levels compared to controls (Daniell, 2002a).

Compared to controls, methadone has no effect on estradiol levels in
women receiving methadone treatment for opioid abuse (Bonakdaran
et al., 2016). Serum samples from women using opiates, including
methadone, for pain management show no changes in estradiol levels
compared to samples from controls not using opiates (Ray et al., 2017).
In contrast, estradiol levels decrease in pre-menopausal women re-
ceiving sustained-action opioids, including methadone, for chronic pain
compared to pre-menopausal controls without methadone (Daniell,
2008). Pregnant women illicitly using methadone show depressed es-
triol levels in the third trimester compared to pregnant drug-naive
controls (Facchinetti et al., 1986).

Chronic administration of methadone (40 mg/day for 160 days) in
pregnant monkeys does not change serum estradiol levels compared to
controls (Hein et al., 1991). Moreover, chronic administration of me-
thadone (10 mg/day for 10 days) in adult female rats has no effect on
the estrous cycle, nor any effect of *H-estradiol nuclear uptake in the
central nervous system following administration of estradiol (Sheridan,
1978). Chronic administration of methadone (10 mg/kg/day for 15
days) reduces estriol in pregnant mice by gestation day 15 (Bui et al.,
1983a). Similarly, 5 mg/kg/day methadone inhibits plasma estriol in
pregnant rats on day 9 of gestation (Bui et al., 1983b).
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3.7. Progesterone

Men receiving methadone treatment for opioid abuse exhibit de-
creased progesterone levels compared to standard reference ranges
(Lafisca et al., 1981). To the best of our knowledge there are no studies
that examine the effects of methadone on progesterone levels in
women. Chronic administration of methadone (10 mg/kg/day for 160
days) does not alter serum progesterone in pregnant monkeys compared
to vehicle controls (Hein et al., 1991).

3.8. Sexual function

Methadone’s effects on the HPG axis and hormone levels can result
in alterations in sexual behavior and function (Table 5). Various aspects
of sexual behavior and function are impaired by methadone in men.
Men treated with methadone for opioid abuse self-report an increase in
sexual dysfunction following initiation of treatment (Amini Lari et al.,
2012; Kheradmand et al., 2015; Llanes et al., 2019; Parvaresh et al.,
2015; Rajabizadeh et al., 2017; Zhang et al., 2011), although sexual
dysfunction can improve over time with continual methadone treat-
ment (Babakhanian et al., 2012). Numerous studies report that men
treated with methadone for opioid abuse have some degree of erectile
dysfunction (Agha-Mohammadhasani et al., 2018; Amini Lari et al.,
2012; Chekuri et al., 2012; Cheng et al., 2017; Cicero et al., 1975;
Cushman, 1972; Gronbladh and Ohlund, 2011; Hallinan et al., 2008;
Hanbury et al,, 1977; Hosseini et al., 2013; Llanes et al., 2019;
Lugoboni et al.,, 2017; Nik Jaafar et al., 2013; Novick et al., 1993;
Quaglio et al., 2008; Teoh et al., 2017; Trajanovska et al., 2013; Zhang
et al.,, 2014), orgasmic dysfunction (Agha-Mohammadhasani et al.,
2018; Chekuri et al., 2012; Cushman, 1972; Gerra et al., 2016;
Gronbladh and Ohlund, 2011; Hanbury et al., 1977; Llanes et al., 2019;
Trajanovska et al., 2013; Zhang et al., 2011, 2014), decreased libido
(Agha-Mohammadhasani et al., 2018; Amini Lari et al., 2012; Briand
Madrid et al., 2018; Chekuri et al., 2012; Gerra et al., 2016; Hanbury
et al., 1977; Hosseini et al., 2013; Llanes et al., 2019; Trajanovska et al.,
2013; Xia et al., 2013; Zhang et al., 2011, 2014), and lack of intercourse
satisfaction (Agha-Mohammadhasani et al., 2018; Chekuri et al., 2012;
Hanbury et al., 1977; Hosseini et al., 2013; Trajanovska et al., 2013; Xia
et al., 2013; Zhang et al., 2014) compared to controls. Similarly, men
receiving long-acting opioids, including methadone, for chronic pain
have increased sexual dysfunction compared to controls without
opioids (Rajagopal et al., 2004) and men receiving opiates, including
methadone, for pain show high rates of erectile dysfunction (Daniell,
2002a). While some studies show that methadone dose is not associated
with sexual dysfunction (Chekuri et al., 2012; Gerra et al., 2016; Nik
Jaafar et al., 2013; Zhang et al., 2014), other studies demonstrate a
significant correlation between methadone dose and sexual dysfunction
(Agha-Mohammadhasani et al., 2018; Brown et al., 2005; Spring et al.,
1992; Zhang et al., 2011). There are few studies that show no effect of
methadone on sexual behavior or function in men. For example, men
treated with methadone for opioid abuse for 11-18 years self-report
having normal libidos and normal ejaculations (Novick et al., 1993).
Cushman (1973) found that compared to self-reported baseline mea-
surements prior to treatment, men treated with methadone for opioid
abuse show no differences in libido, erectile function, or ejaculation
time after starting methadone treatment (Cushman, 1973).

Opioid-abusing men therapeutically treated with methadone have
decreased ejaculate volume and decreased sperm motility (Cicero et al.,
1975; Ragni et al., 1988, 1985), as well as higher levels of infertile
sperm (Ragni et al., 1988) compared to controls without methadone. In
contrast, Cicero et al. (1975) found sperm count of men on methadone
to be similar to that of controls with less than 2 days of sexual ab-
stinence. However, for periods of sexual abstinence greater than 3 days,
sperm counts were significantly greater in methadone-treated men than
those of controls (Cicero et al., 1975).

Studies examining the effects of methadone treatment on sexual
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function in women are limited. Women maintained on methadone for
opioid abuse report sexual dysfunction (Parvaresh et al., 2015) and
menstrual problems (Gronbladh and Ohlund, 2011; Haber et al., 2017).
Women treated with methadone for opiate abuse self-report a decrease
in libido (Briand Madrid et al., 2018; Llanes et al., 2019; Xia et al.,
2013), delayed or inhibited orgasm (Llanes et al., 2019; Xia et al.,
2013), and lubrication difficulty (Llanes et al., 2019). People treated
with methadone for opiate abuse, including women, demonstrate de-
creases in libido and difficulty reaching orgasm (Gronbladh and
Ohlund, 2011).

Studies examining the effects of methadone on sexual function in
animal models are also limited. In adult male hamsters, acute exposure
to methadone (8 mg/kg) reduces copulatory intromissions and
mounting behavior and a higher dose of methadone (16 mg/kg) elim-
inates copulatory intromissions (Murphy, 1981). These effects of me-
thadone on sexual function and behaviors are not observed at lower
doses of methadone (Murphy, 1981).

4. Discussion

This systematic review examined the literature assessing the effect
of methadone on the HPG axis, hormone levels, and sexual function in
males and females. To the best of our knowledge, this is the first sys-
tematic review to examine the specific effects of methadone on the HPG
axis and sexual function in both males and females. While hypogo-
nadism and sexual dysfunction are common side effects with metha-
done treatment, our review of the literature suggests that the re-
lationship between methadone and hormone levels and sexual function
is complex and may vary depending on age, sex, dose, and length of
methadone exposure.

There is evidence that methadone affects hormone levels and HPG
axis function via either hypothalamic and/or pituitary inhibition or
direct action on the secondary sex organs and gonads. The p-opiate
receptors are expressed in the hypothalamus (Bedos et al., 2019; Katz
and Mazer, 2009; Le Merrer et al., 2009), the pituitary gland (Carretero
et al., 2004; Katz and Mazer, 2009), the testes (Estomba et al., 2016;
Wittert et al., 1996) and the ovaries (Kaminski, 2006; Wittert et al.,
1996). Under typical conditions, low levels of testosterone or estradiol
signal the hypothalamus to release more GnRH, which subsequently
stimulates the production of FSH and LH in the anterior pituitary, re-
sulting in increased sperm production and testosterone by the testes in
males and increased estradiol and progesterone in females (Colameco
and Coren, 2009; Smith and Elliott, 2012). Based on this review, there
appears to be ample evidence to suggest that methadone has inhibitory
action on the hypothalamus and GnRH, thus reducing hormone secre-
tion from the anterior pituitary and the production of sex hormones.

Elevated levels of prolactin inhibit the pulsatile secretion of GnRH
from the hypothalamus and consequently inhibit the release of FSH and
LH. This can result in a decrease in testosterone and estradiol (for a
review, see (Dabbous and Atkin, 2018; Grattan, 2015)). While some of
the reviewed studies suggest that methadone treatment does not alter
prolactin levels (Brown et al., 2005; Cushman and Kreek, 1974;
Hallinan et al., 2008, 2007; Hein et al., 1991; Ragni et al., 1988; Spring
et al., 1992; Trajanovska et al., 2013), the majority of studies show that
methadone does indeed increase prolactin levels, suggesting that one
mechanism by which methadone can disrupt the HPG axis is by in-
creasing prolactin levels and subsequently decreasing pulsatile release
of GnRH from the hypothalamus (Bartolome and Kuhn, 1983; Clemens
and Sawyer, 1974; Gerra et al., 2016; Judd et al., 1982; Kuhn and
Bartolome, 1984, 1983; Lafisca et al., 1981; Rolandi and Barreca, 1978;
Shaar and Clemens, 1980; Spagnolli et al., 1987; Willenbring et al.,
1989; Woody et al., 1988). Elevated levels of prolactin are also asso-
ciated with erectile dysfunction in men (De Rosa et al., 2004), sug-
gesting methadone’s effects on prolactin levels could be one mechanism
by which methadone causes sexual dysfunction.

The majority of the studies reviewed show no effect of methadone



H.A. Ortman and J.A. Siegel

on FSH levels in males or females (Azizi et al., 1973; Bonakdaran et al.,
2016; Cushman and Kreek, 1974; Delitala et al., 1983; Ghowsi and
Yousofvand, 2015; Hallinan et al., 2007; Ragni et al., 1988; Rajagopal
et al., 2004; Spring et al., 1992). Only 2 studies in humans that were
reviewed show methadone decreases FSH levels, but these studies were
confounded by concurrent drug use (Lafisca et al., 1981) and treatment
with other opiates in addition to methadone (Daniell, 2008). One study
found increased FSH levels compared to controls in men using metha-
done for opiate abuse treatment, but this effect was not related to
methadone dose or duration or use (Bonakdaran et al., 2016). The ef-
fects of methadone on LH levels were less consistent among the studies
reviewed. The majority of studies show that methadone does not alter
LH levels (Azizi et al., 1973; Bonakdaran et al., 2016; Cushman, 1972,
1973; Cushman and Kreek, 1974; Ghowsi and Yousofvand, 2015;
Hallinan et al., 2008; Lafisca et al., 1981; Ragni et al., 1988; Spring
et al., 1992; Zhang et al., 2014), while some studies show that me-
thadone decreases LH levels (Daniell, 2008; Delitala et al., 1983;
Hallinan et al., 2007; Johnson and Rosecrans, 1978; Kuhn and
Bartolome, 1985; Rajagopal et al., 2004; Singh et al., 1982; Woody
et al., 1988). The differences in these findings may be due to a variety of
factors, including vast differences in dosing regimens, time of hormone
measurement, and duration of methadone exposure. A decrease in both
LH and FSH levels with methadone could be explained by an increase in
prolactin levels with methadone (De Rosa et al., 2004) and the decrease
in GnRH release from the hypothalamus with methadone treatment.
However, the lack of changes in FSH and LH levels found in the ma-
jority of the methadone-treated participants may be due to lower sex
hormone levels and thus a lack of negative feedback inhibition on FSH
and LH release (Plant, 2015; Shaw et al., 2010). Alternatively, the lack
of an effect of methadone on FSH and LH levels may be due to me-
thadone exerting much of its effects at the level of the secondary sex
organs and the gonads (discussed further below).

The majority of the reviewed studies found that methadone de-
creases testosterone levels (Agha-Mohammadhasani et al., 2018; Amini
Lari et al., 2012; Azizi et al., 1973; Bawor et al., 2014; Cicero et al.,
1975, 1976; Cofrancesco et al., 2006; Daniell, 2002a, 2002b, 2008;
Gerra et al., 2016; Hallinan et al., 2008, 2007; Jakubovic and McGeer,
1979; Kuhn and Bartolome, 1985; Mendelson et al., 1975a, b; Purohit
et al., 1979; Rajagopal et al., 2004; Singh et al., 1982; Woody et al.,
1988; Zhang et al., 2014). Injection of methadone directly into the
hypothalamus decreases testosterone in male rats, suggesting one me-
chanism by which methadone decreases testosterone is via inhibition of
GnRH release from the hypothalamus and disruption of the HPG axis
(Singh et al., 1982). However, fewer of the reviewed studies found no
effect of methadone treatment on testosterone levels (Bawor et al.,
2014; Bonakdaran et al., 2016; Brown et al., 2005; Cushman, 1973;
Cushman and Kreek, 1974; Ghowsi and Yousofvand, 2015; Lafisca
et al., 1981; Ragni et al., 1988; Ray et al., 2017; Spring et al., 1992).
The discrepancy in results could be due in part to lower doses of me-
thadone used in the studies that did not find an effect of methadone on
testosterone levels and a higher average age of the participants in some
of these studies. A recent meta-analysis review of the effects of opiates,
including methadone, on testosterone levels found opiates reduce tes-
tosterone levels in men but not in women (Bawor et al., 2015). The
majority of studies reviewed found estrogen levels are not altered by
methadone treatment (Azizi et al.,, 1973; Bonakdaran et al., 2016;
Hallinan et al., 2008; Hein et al., 1991; Lafisca et al., 1981; Ray et al.,
2017) and progesterone levels are not altered by methadone in preg-
nant monkeys (Hein et al., 1991), although there are no studies ex-
amining the effects of methadone on progesterone in women. However,
some studies found methadone does decrease estrogen levels (Daniell,
2002a, 2008; Hallinan et al., 2007), including reductions in estriol le-
vels in pregnant women (Facchinetti et al., 1986), pregnant mice (Bui
et al., 1983a), and pregnant rats (Bui et al., 1983b). As noted above, the
reductions in testosterone and estrogen levels with methadone treat-
ment could be due to methadone’s effects on the HPG axis and
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reductions in GnRH, LH, and FSH levels (Katz and Mazer, 2009). Al-
ternatively, methadone may alter testosterone and estrogen levels via
direct actions on the secondary sex organs and the gonads.

It has been hypothesized that methadone can exert its effects by
directly acting on secondary sex organs and inhibiting the gonads from
producing sex steroids. For example, methadone decreases ejaculate
volume and sperm motility (Cicero et al., 1975; Ragni et al., 1988;
Ragni et al., 1985). In male rodents, methadone reduces seminal vesicle
weight (Cicero et al., 1976; Purohit et al., 1979; Thomas and
Dombrosky, 1975), prostate weight (Cicero et al., 1976; Purohit et al.,
1979; Thomas and Dombrosky, 1975), and testicular weight (Thomas
and Dombrosky, 1975). Direct inhibition of the gonads and decreased
production of testosterone and estrogens would result in a decrease in
the negative feedback regulation of the hypothalamus and pituitary
gland, thereby increasing FSH and LH levels (Katz and Mazer, 2009).
Evidence for this mechanism of action can be seen in studies such as
Hallinan et al. (2008) that report men receiving methadone have low
testosterone levels, but LH concentrations are within normal ranges,
suggesting a primary testicular pathology of hypogonadism (Hallinan
et al., 2008).

Methadone’s effects on the HPG axis and sex steroids alters sexual
function. The majority of the studies reviewed show impairments in
sexual function with methadone treatment (Agha-Mohammadhasani
et al., 2018; Amini Lari et al., 2012; Briand Madrid et al., 2018; Chekuri
et al., 2012; Cheng et al., 2017; Cicero et al., 1975; Cushman, 1972;
Daniell, 2002a; Gerra et al., 2016; Gronbladh and Ohlund, 2011;
Hallinan et al., 2008; Hanbury et al., 1977; Hosseini et al., 2013;
Kheradmand et al., 2015; Llanes et al., 2019; Lugoboni et al., 2017;
Murphy, 1981; Nik Jaafar et al., 2013; Novick et al., 1993; Parvaresh
et al., 2015; Quaglio et al., 2008; Rajabizadeh et al., 2017; Rajagopal
et al., 2004; Teoh et al., 2017; Trajanovska et al., 2013; Xia et al., 2013;
Zhang et al., 2014, 2011). Only 2 studies reviewed show no effect of
methadone on some aspects of sexual function (Cushman, 1973; Novick
et al., 1993). Both of these studies are longitudinal studies examining
participants 1 year after treatment initiation (Cushman, 1973) or after
11-18 years of methadone treatment (Novick et al., 1993). The longer
duration of treatment may account for the lack of a self-reported effect
of methadone on sexual function in these studies.

5. Conclusions

The majority of the research suggests that methadone impairs HPG
axis function, resulting in hypogonadism and impairments in sexual
function. There is also evidence for direct effects of methadone on
secondary sex organs and the gonads, affecting sex steroid hormone
levels. Considerations of HPG axis function, hypogonadism, and sexual
function should be taken into account in the use of methadone as a
treatment for opiate abuse or chronic pain. Despite the wealth of evi-
dence suggesting methadone alters hormone levels and impairs sexual
function, there are a large number of discrepancies in the literature
reviewed, thus elucidating the limitations about the current knowledge
of the effects of methadone on the HPG axis, sex hormones, and sexual
function. There is discrepancy among the reviewed studies in sample
size, presence of concurrent drug use, duration of methadone treat-
ment, sexual function questionnaires, and time of day the blood was
drawn in respect to last methadone dose. Very few studies examine the
effects of methadone in women, limiting the generalizability of the
findings. Future research is warranted to further examine the effects of
methadone on the HPG axis and hormone levels, especially in females,
to better understand the mechanisms by which methadone alters hor-
mones and sexual function.
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