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Sex hormones may have a role in the pathophysiology of substance use disorders, as demonstrated by the
association between testosterone and addictive behaviour in opioid dependence. Although opioid use has
been found to suppress testosterone levels in men and women, the extent of this effect and how it relates to
methadone treatment for opioid dependence is unclear. The present multi-centre cross-sectional study
consecutively recruited 231 patients with opioid dependence from methadone clinics across Ontario,
Canada between June and December of 2011. We obtained demographic details, substance use, psychiatric
history, and blood and urine samples from enrolled subjects. The control group included 783 non-opioid
using adults recruited from a primary care setting in Ontario, Canada. Average testosterone level in men
receiving methadone treatment was significantly lower than controls. No effect of opioids including
methadone on testosterone level in women was found and testosterone did not fluctuate significantly
between menstrual cycle phases. In methadone patients, testosterone level was significantly associated with
methadone dose in men only. We recommend that testosterone levels be checked in men prior and during
methadone and other opioid therapy, in order to detect and treat testosterone deficiency associated with
opioids and lead to successful methadone treatment outcomes.

pioid dependence has previously been observed in men'?, however the increased prevalence of prescrip-

tion opioid drug abuse has led to an increase in opioid use and dependence in women®. This trend has

sparked interest in the sex-related aspects of the disorder. To date, sex differences have been reported in
many aspects of opioid dependence and treatment* '’ leading to the need for separate addiction treatment profiles
for men and women.

Sex hormones are often studied as the biological basis for sex differences due to their role in central nervous
system regulation, implicating the endocrine system in the pathophysiology of substance use disorders and
addictive behaviour'. The emerging research on sex hormones in addiction has shed light on the association
between testosterone and specific addictive behaviours in men and women, including impulsivity, aggression,
risk-taking, and sensation-seeking'>". This provides evidence for the importance of testosterone in substance use
disorders including opioid dependence.

Reviews of the literature on testosterone in chronic opioid use report an opioid-induced deficiency in androgen
function™, significantly lower than normative levels of testosterone seen in the clinical literature (average range:
300-1000 ng/dL or 10-35 nmol/L for men and 20-85 ng/dL or 0.7-3 nmol/L for women)". Opioids exert
inhibitory effects on the hypothalamus, the area responsible for production of gonadotropin-releasing-hormone
(GnRH). GnRH normally acts on the pituitary gland to stimulate the release of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH); when GnRH is inhibited, this leads to low LH and FSH causing suppression
of sex hormone secretion from the gonads'®. Although these findings are supported in samples of men, levels of
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sex hormones including testosterone in opioid-dependent women
have not been extensively studied to date'. Due to the increase of
chronic opioid use in women, a re-examination of the literature is
necessary.

Objectives. The purpose of this study is to examine serum total
testosterone level in men and women with opioid dependence
receiving methadone treatment. We aim to (1) determine what
effect opioids including methadone have on testosterone in this
sample and if this effect is present in both men and women; (2)
identify other methadone-related treatment factors that are
associated with testosterone level; and (3) examine the variability
of testosterone level across menstrual cycle phases in women.

Results

Sample characteristics. Of the initial 260 participants undergoing
methadone treatment that were recruited, 29 participants were
excluded from the study (duplicate entries = 5, buprenorphine
treatment = 3, undetectable or out-of-range testosterone levels =
15, hormone replacement therapy = 2, using prescription opioids
for chronic pain = 4). Therefore, 231 participants in total were
included in the analysis (Figure 1). The sample consisted of 56.7%
men with mean age 38.3 (standard deviation [SD] 11.0) and 43.3%
women with mean age 35.2 (SD 9.4). The majority of the sample
population (84.4%) was of European ethnicity. Refer to Table 1 for
additional information on demographics, substance use history, and
treatment outcomes. Control participants included 287 (36.7%) men
and 496 (63.3%) women who were not using opioids. Mean age was
46.2 (SD 13.1) and 44.6 (SD 12.6) years for men and women,
respectively.

Participants recruited from four
OATC clinics between
June — December 2011

(n=260)

Effect of opioid use and methadone treatment on testosterone
serum level. Men with opioid dependence undergoing methadone
treatment had significantly suppressed testosterone levels (mean =
100.10 ng/dL, SD 72.21, or 3.47 nmol/L, SD 2.51) compared to
controls (mean = 414.74 ng/dL, SD 141.81, or 14.39 nmol/L, SD
4.92) (estimated f = —1.661; 95% confidence interval [CI]
—1.793, —1.529; p < 0.0001). Testosterone levels for women on
MMT did not differ significantly compared to controls (mean =
36.61 ng/dL, SD 23.19, or 1.27 nmol/L, SD 0.81; and mean =
25.93 ng/dL, SD 15.20, or 0.90 nmol/L, SD 0.52, respectively)
(estimated f# = 0.063; 95% CI —0.098, 0.224; p = 0.441). Table 2
presents a statistical summary of testosterone level in both samples
by sex.

Factors associated with testosterone level in methadone treat-
ment. Sex was positively associated with testosterone in this model
as expected, with men having a higher testosterone level than women
(estimated f§ = 1.034; 95% CI10.857,1.211; p < 0.0001). Testosterone
level was found to be inversely associated with methadone dose
(estimated f = —0.002; 95% CI —0.003, —0.000; p = 0.018)
(Table 3), indicating that a higher methadone dose is correlated
with lowered testosterone levels. In the subgroup analysis by sex,
testosterone level was inversely associated with methadone dose
(estimated f = —0.003; 95% CI —0.005, —0.001; p = 0.003)
(Figure 2) and positively associated with the number of cigarettes
smoked per day (estimated f = 0.011; 95% CI 0.000, 0.021; p =
0.046) in men. Although no significant correlations were found in
the sample of women, polysubstance use showed a positive trend of
association with testosterone level (estimated f = 0.244; 95% CI
—0.004, 0.493; p = 0.054) (Table 3).

Subjects assessed for meeting
inclusion/exclusion requirements

(n=255)

Subjects excluded due to duplicate entry

@=5)

y
Total participants eligible for study
inclusion

(n=231)

Subjects that failed to meet inclusion criteria
(n=24)

Reasons for exclusion:

- On buprenorphine for substitute opioid
therapy (n=3)

- Undetectable/abnormal testosterone
levels (n=15)

- On hormone replacement therapy (n=2)

- Using prescription opioids for chronic
pain (n=4)

Figure 1| Flow diagram for participants included in study. Description: Flow of participants throughout each stage of the study and reasons for

exclusion.
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Table 1 | Demographic characteristics of patients on methadone treatment for opioid addiction

Characteristic Total (n = 231) Men (n = 131) Women (n = 100)
Age in years; mean (SD°) 36.9 (10.4) 38.3(11.0) 35.2 (9.4)
BMI®; mean (SD) 26.7 (6.4) 26.9(5.0) 26.6(8.0)
Married/common law; n (%) 91 (39.4) 53 (40.5) 38 (38.0)
Employed; n (%) 70(30.3) 45 (34.4) 25 (25.0)
Completed postsecondary education; n (%) 78(33.8) 33 (25.2) 45 (45.0)
Age of initial opioid use in years; mean (SD) 23.3(9.3) 23.3(9.9) 23.3 (8.5)
Current cigarette smokers; n (%) 207 (89.6) 116 (88.5) 921 (91.0)
Number of cigarettes smoked/day; mean (SD) 16.0(11.1) 17.5(12.0) 14.1 (9.5)
Polysubstance use; n (%) 102 (44.3) 60 (45.4) 43 (43.0)
Psychiatric comorbidity, self-reported; n (%) 109 (47.2) 55 (42.0) 54 (54.0)
Methadone dose (mg); mean (SD) 87.2 (60.3) 90.2 (65.6) 83.3(52.8)
Duration on MMT¢ (months); mean (SD) 38.8(41.8) 40.6 (38.7) 36.4 (45.6)
Illicit opioid use based on urine test results; mean (SD) 18.7 (23.2) 17.0(21.3) 20.9 (25.6)
SD: standard deviation.

"BMI: Body Mass Index (kg/m?).

“MMT: Methadone Maintenance Treatment.

Variability of testosterone level across menstrual cycles phases in
women. We employed a linear regression to determine whether
serum total testosterone level differs between menstrual cycle
phases (follicular and luteal) and the menopause phase in our
control sample of women (n = 419). Results demonstrated no
difference in testosterone level between all three phases (estimated
B = —0.992; 95% CI —21.263, 19.279; p = 0.923) when controlling
for age and smoking status (Figure 3). This suggests that testosterone
does not fluctuate significantly across phases of the menstrual cycle
or during menopause.

Discussion

The objectives of this study were to examine the overall effect of
opioids including methadone on serum testosterone level in men
and women, determine what factors are associated with testosterone
level in this sample, and examine the variability in testosterone level
across menstrual cycle phases in women.

Our results have confirmed the suppressive effect of methadone
on testosterone in men undergoing methadone treatment, however
they also demonstrate that methadone does not suppress testoster-
one levels in women. There is limited information on testosterone
levels in women with opioid dependence who are currently under-
going methadone treatment and this study has aimed to add to the
scant literature.

This sex-specific difference in methadone effects on testosterone is
indicative of a distinct biological mechanism between men and
women. Opioids including methadone exert their effects on the
gonads through the HPG axis and suppress the release of sex hor-
mones®. In women, B-estradiol is the primary sex hormone and
opioids may act to primarily suppress B-estradiol and target tes-
tosterone as a secondary androgen. This is supported by studies
looking at the role of opioids in estrogen release. Findings from these
studies demonstrate that estradiol was suppressed in opioid-
dependent women®' and after methadone consumption'. Studies
also report the effect of opioids on prolactin release***. Prolactin is
a hormone responsible primarily for milk production during preg-
nancy, however it also has a role in sexual behaviours. Prolactin may
act to mediate this relationship by inhibiting GnRH secretion, caus-
ing a decrease of estrogen in women and testosterone in men*.

The second objective of this study was to investigate the asso-
ciation between testosterone and methadone-related factors. In
MMT patients, we found that methadone dose was inversely assoc-
iated with testosterone level, indicating that the relationship between
methadone and testosterone is dose-dependent. Our sub-group ana-
lysis by sex showed that this dose-dependent association was present
in men only. This is consistent with previous studies in the literature

that looked at the effect of morphine and heroin dosing on testoster-
one level'>*>?¢, however these studies did not control for other rel-
evant factors such as duration on treatment and continued illicit
opioid use. Bolelli et al.*® measured heroin plasma concentration in
association with testosterone level in men and also found suppressed
testosterone levels, however their study was limited by a very small
sample size as well as a lack of an accurate heroin concentration
measure; they were unable to control for varying rates of heroin
metabolism between participants or by which route the heroin
entered the blood. Dev et al.* focused on a small sample of cancer
patients using morphine for pain management. They found a similar
inverse relationship between morphine dose and testosterone level in
men. Our study has confirmed this relationship in a large sample of
patients specifically using methadone for the treatment of opioid
addiction, and we have incorporated an analysis to test this effect
in women.

In order to estimate the magnitude of this effect, we used the
exponentiated beta coefficient to reverse the logarithmic transforma-
tion and multiplied this by 10 so that methadone dose can be quan-
tified in 10 mg increments. We found that for each 10 mg increase in
methadone dose, there is a 0.97 ng/dL (0.03 nmol/L) decrease in
testosterone level (estimated exp(ff) = 0.969; 95% CI 0.950, 0.989;
p = 0.003), suggesting that men with a higher methadone dose will be
more likely to have more suppressed testosterone. In addition, we
observed a positive association between the number of cigarettes
smoked daily and serum testosterone level in men. Using the same
calculation, we estimate that for each additional cigarette smoked per
day, thereis a 1.01 ng/dL (0.04 nmol/L) increase in testosterone level
in men (estimated exp(f§) = 1.011; 95% CI 1.000, 1.021; p = 0.046).
This may be explained by the effect of smoking on methadone meta-
bolism, where smoking is an enzyme inducer in the liver accelerating
the metabolism of methadone and hence reduces methadone blood
level and its inhibition of testosterone®. This association may also be
related to addictive behaviour, where smoking as an addictive beha-
viour is associated with the risk-taking behavioural profile of tes-
tosterone®®. We speculate that this may also be a reason for why
male methadone patients have a difficult time with smoking
cessation®.

Low testosterone in men has been associated with poor quality of
life, as well as erectile dysfunction, hypogonadism, symptoms of
fatigue, weakness, and mood disturbances'***. Improvement in
self-reported quality of life assessed across multiple dimensions has
been shown to improve treatment outcomes such as retention and
overall health in methadone patients after one year of stabilization on
MMT?'. By treating testosterone deficiency, it is suspected that
patients will experience improvements in quality of life and therefore
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Figure 2 | Methadone dose and serum total testosterone level in men. Description: Inverse linear relationship between serum total testosterone level and

methadone dose in men on methadone treatment (n = 131).

demonstrate successful treatment outcomes. Healthcare providers
should be aware of the effect of opioids including methadone on
testosterone and that symptoms related to testosterone deficiency
can be actively managed by testosterone therapy. Health care provi-
ders should also ensure that patients are being prescribed the lowest
possible dose for effective substitution opioid treatment to minimize
testosterone suppression.

These findings are applicable to the larger population of methad-
one patients attending clinics across Ontario and across North
America as well. Our patients were recruited from multiple sites of
varying geographic locations, all of which follow a standardized
treatment regimen, therefore making our sample representative of
the overall methadone patient population.

Our final objective was to examine the variability of testosterone
levels across menstrual cycle phases in women. In pre-menopausal
women, testosterone level does not vary between follicular and luteal
phases, and it also does not differ significantly among post-
menopausal women. A few studies have found that total testosterone
differed between phases, with it being the highest in the luteal®*** or
mid-cycle phase***. However, studies also report no significant dif-
ferences between cycle phases®**. The variability in these findings
may be explained by different methods of measuring testosterone
(i.e. free, bound, or total; plasma vs. serum; diluted vs. non-diluted,
etc.), by the use of different tests (i.e. hormone assays, mass spectro-
metry), or by differences in defining cycle phases (follicular, mid-
cycle, or luteal). Our study has tested this effect in the largest sample
of women to date and confirms that testosterone is not sensitive to
menstrual cycle changes. Measurement of serum total testosterone
level in future investigations does not need to account for menstrual
cycle phase, as testosterone levels at any given time are generally
representative of the average testosterone level in women.

One of the main limitations of the study is the small sample size of
MMT patients when the analysis is divided by sex. There is adequate
power to support the associations found in men (86%) however the
power for the women sample is much lower (43%), which is not
enough to detect any significant associations. Although our sample

size for women is one of the largest among studies investigating
testosterone in methadone treatment among women, it remains
inadequate to draw any significant conclusions on the impact of
opioids on testosterone in women, although it may provide some
information regarding the magnitude and direction of effect. In addi-
tion, some variables included in this study, for example smoking,
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Figure 3 | Testosterone level across menstrual cycle phases in control
women. Description: Testosterone level shows consistency across follicular
and luteal cycle phases, as well as throughout menopause.
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were based on self-report and therefore may not be entirely accurate
or reliable.

Investigation into additional sex hormones may provide insight
into the biological basis of methadone treatment and potentially
decipher the effect that opioids have on women. Larger sample sizes
with more sex hormones investigated would be ideal for future study,
as well as implementing a prospective follow-up study design to
observe whether testosterone levels change throughout the course
of treatment with methadone. Future directions may include study-
ing the association between testosterone and risk of relapse, as well as
observing methadone treatment response and retention after treat-
ing low testosterone to determine whether these outcomes have
improved.

In this study, we provided an investigation of the influence of
opioid dependence and methadone treatment on testosterone. We
demonstrated that methadone has a dose-dependent suppressive
effect on testosterone in men and that testosterone is not sensitive
to menstrual cycle changes in women. The results of this study can be
used to guide the decision-making process for men and encourage
them to seek treatment for opioid dependence. We also recommend
that testosterone levels be checked in men prior to undergoing any
opioid therapy and at regular intervals thereafter, in order to treat
testosterone deficiency associated with opioids.

Methods

Study design. We collected cross-sectional data from the Genetics of Opioid
Addiction (GENOA) research program®, a collaboration between Ontario Addiction
Treatment Centres (OATC) and the Population Genomics Program (PGP),
Chanchlani Research Centre at McMaster University. Data were collected for the
GENOA study from four OATC outpatient methadone clinics specializing in Opiate
Agonist Therapy (OAT) across Southern Ontario, Canada between June and
December of 2011. Recruitment consisted of a structured interview conducted on site
by a trained OATC clinical staff member and completion of study-specific case report
forms. Demographics, anthropometric measurements, and history of current and
past substance use, psychiatric diagnoses, and medical conditions were obtained, in
addition to urine and blood samples. This study was carried out in accordance with
ethical guidelines and approval by the Hamilton Integrated Research Ethics Board
(HIREB) and written informed consent was obtained from each study participant.

Study participants. We recruited men and women aged 18 years and older
consecutively from OATC clinics. Inclusion criteria consisted of current enrolment in
MMT for a diagnosis of opioid dependence according to DSM-IV criteria and having
the ability to provide written informed consent. Exclusion criteria were the use of
opioid substitution therapy other than methadone for opioid dependence, inability to
communicate in English, and refusal to provide biological samples. Patients received
supervised daily methadone doses, addiction counseling (including methods for
coping with stress, reacting to environmental stressors, developing constructive social
networks, etc.), and regular medical follow up as per usual clinical care.

The control group was a sample of adults aged 18-74 years who were screened for
DSM-1V dysthymic disorder in a primary care university-affiliated Health Services
Organization (HSO) located in Southern Ontario, Canada. This population was an
English-speaking, middle class, suburban family community, which consisted of
individuals without opioid dependence®*>.

Outcome measures. The primary outcome is serum total testosterone level.
Covariates include continued opioid use (use of illicit opioids detected by weekly or
bi-weekly urine screens, measured as the percentage of positive opioid urine screens
per total number of urine screens available), methadone treatment duration (length of
time in months between the methadone start date and date of most recent methadone
dose reported by the patient or obtained from clinic records), methadone dose
(current daily dose of methadone at time of interview), polysubstance use (use of a
minimum of two substances of abuse in addition to opioids, which include stimulants,
hallucinogens, inhalants, cannabis, barbiturates, benzodiazepines, performance-
enhancing drugs, or diet pills within the last 12 months; these data were acquired
through interviews using the Mini International Neuropsychiatric Interview
(M.LN.L) Version 6: Drug and Alcohol Modules)*, and smoking (self-reported
average number of cigarettes smoked daily). We also collected age of initial opioid use
(self-reported age at which participant began using opioids regularly).

Laboratory analysis. We measured serum total testosterone level in the MMT sample
using enzyme-linked immunosorbent assay (ELISA) technique (Enzo Life Sciences,
Plymouth Meeting, PA, USA); intra-assay variation is 3.3%, while inter-assay
variation is 9.8%, with sensitivity of 2.6%. Serum testosterone in the control sample
was measured with the Coat-A-Count total testosterone solid phase
radioimmunoassay (RIA) kit (Diagnostic Products Corp., Los Angeles, CA, USA);
intra-assay variation is 7.2%, inter-assay variation is 9.4%, and sensitivity is 3.6%. We

used different assays for testosterone measurement between MMT and control
groups because the hormone assay method used in the past was RIA, which was used
for our control group, whereas ELISA is currently the preferred method of hormone
analysis. Standard curves of both assays showed a comparable detectable range and
appropriate sensitivities, therefore the methods are unlikely to lead to discrepancies in
testosterone levels between samples. We conducted qualitative and seminquantitative
urine analysis for opioids using iMDx"™ Prep Assay [NOVX Systems Inc, Richmond
Hill, Ontario, Canada] and performed these weekly or bi-weekly throughout the
study period as part of routine clinical care.

Statistical analysis. Continuous variables are presented as a mean and standard
deviation and dichotomous variables are presented as a proportion of the sample
population. Data for testosterone level showed a skewed distribution on a normal
probability plot in the MMT and control groups; these distributions were
transformed with the natural logarithm before inclusion in the multivariable
regression analysis. Extreme outliers were removed based on the maximum and
minimum detectable limit of the hormone assays in the laboratory. We used multiple
imputation methods for missing data.

We conducted multivariable linear regression analyses to determine differences in
mean log-transformed testosterone levels between men and women MMT partici-
pants and controls (n = 1014) and to determine which methadone-related factors are
associated with testosterone level (n = 231), with the following covariates included in
the model: age, sex, age of initial opioid use, number of cigarettes smoked per day,
methadone dose, duration on methadone treatment, polysubstance use, and con-
tinued illicit opioid use (based on urine test results). Sub-group analysis by sex was
decided a priori. We also performed a linear regression to test if there was a significant
difference in serum total testosterone level across follicular and luteal phases of the
menstrual cycle and the post-menopausal phase in control women (n = 419) while
accounting for age and smoking status. Patients on hormonal medication including
birth control, hormone replacement therapy, and thyroid medications were removed
from the sample.

The study is reported in adherence to the Strengthening of Reporting of
Observational Studies in Epidemiology (STROBE) statement for observational
studies*. The results are reported as an estimate of the association expressed as a
mean difference or model coefficient, corresponding 95% confidence interval and
associated p-value. All statistical analyses were performed using STATA Version 11.
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