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Abstract

Background—Opioid dependence is a significant public health problem in the United States and
the number of opioid overdose deaths among women has increased dramatically in comparison to
men in the last few years. In this context, understanding the biological mechanisms underlying
gender differences in vulnerability to opioid dependence is essential.

Methods—The current pilot study examined gender differences in subjective stress, heart rate
(HR), and cortisol/ dephydroepiandrosterone (DHEA) response to a laboratory stressor (Trier
Social Stress Test; TSST) or a no-stress condition, and drug cue paradigm among men (/7=21) and
women (/7=18) with opioid dependence.

Results—Significant group (TSST vs. no stress) differences emerged in self-reported stress
[F(1,35)=41.77, p<.001], HR [F(1,31) =12.3; p=0.001] and cortisol (F1 34=5.0; p=0.032) response,
such that the TSST group was more reactive than the no-stress group. Women reported greater
subjective stress [F(1,35)=11.24, p<.01] in response to the TSST compared to men. However, men
evidenced marginally greater cortisol and DHEA responses to the TSST compared to women
[F(1,34) =2.7; p=0.113 and F(1,31)=3.4; p=0.073, respectively].

Conclusions—Although women with opioid dependence report greater subjective stress when
exposed to a laboratory stress paradigm as compared to men, the neuroendocrine response was
more robust in men. This pattern is similar to gender findings in men and women with cocaine and
tobacco use disorders. The blunted cortisol combined with an increased subjective response among
women may be a sign of HPA axis dysregulation which could increase vulnerability to relapse in
women.
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Introduction

Opioid dependence is a significant public health problem in the United States. According to
the 2015 National Survey on Drug Use and Health, approximately 11.5 million adults
reported misusing opioids in the past year, and nearly 2 million met criteria for an opioid use
disorder (Han et al., 2017). While the number of opioid-dependent men in the United States
remains larger than the number of opioid-dependent women, the rate of opioid overdose
deaths and heroin use among women exceeds men (Marsh et al., 2018). Between 1999 and
2010, overdose deaths from opioids increased more than 400-fold in women compared to an
increase of 237% in men (Prevention, 2013). Similarly, between 2002 and 2013, heroin use
among women increased 100% compared to an increase of 50% among men (Jones et al.,
2015; Prevention, 2013). Further, women are more likely than men to report opioids as their
primary substance of abuse upon admission for substance abuse treatment (Jones, 2017).

There are biological and psychosocial differences between men and women that influence
substance use patterns, disease course, treatment entry as well as risk for relapse (Greenfield
et al., 2010). Women with substance use disorders are more likely than men to have
comorbid depression and anxiety disorders (Brady et al., 1993; Brady and Randall, 1999)
and are more likely to attribute use and relapse to negative emotional states and interpersonal
conflict (Back et al., 2011; Connors et al., 1998). In one study comparing men and women
with opioid dependence, psychological and emotional distress were identified as risk factors
for hazardous opioid use among women, but not among men (Back et al., 2011).

Studies investigating the biological underpinning of sex differences in substance use suggest
that dysregulation in the hypothalamic-pituitary-adrenal (HPA) axis and noradrenergic
system in response to stress may increase women’s vulnerability to substance abuse and
relapse (Sinha, 2001). In a human laboratory study following the administration of
corticotrophin releasing factor (CRF), women with cocaine use disorder demonstrated
greater evidence of HPA axis disruption and a more robust and prolonged HR response,
suggesting a greater noradrenergic response to stress, as compared to men (Brady et al.,
2009). Similarly, Back and colleagues (Back et al., 2008) demonstrated a blunted
adrenocorticotropic hormone and cortisol response in women with tobacco use disorder, as
compared to men, following exposure to stress and tobacco cues in women. These findings
are significant because prior research has demonstrated women report a greater emotional
intensity at lower levels of HPA arousal, thus HPA dysregulation may be one key to
enhanced vulnerability to relapse in response to negative affect among women (Fox et al.,
2008).

In opioid dependence, the clinical significance of stress system dysregulation is likely to be
of major significance because of the complex circuitry by which stress-related neuropeptides
and endogenous opioids co-regulate activity of the locus coeruleus-noradrenergic (LC-NE)
system. The LC-NE system is reciprocally regulated by endogenous opioids and CRF
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(Curtis et al., 2001; Valentino et al., 2001). Preclinical studies have demonstrated that
chronic morphine sensitizes the LC-NE system to CRF and this is expressed as increased
sensitivity of the neurons to stress, providing a potential mechanism to link opioid use with
stress-sensitive disorders (Xu et al., 2004). In addition to increasing vulnerability to stress-
related disorders, opioid-induced sensitization of the LC-NE system may facilitate the
maintenance of opioid use to counteract this sensitization. Withdrawal from opioids engages
CRF and other stress-systems, including noradrenergic pathways, and is associated with
anxiety and dysphoria that can increase susceptibility to relapse (Schluger et al., 2003).

Preclinical investigations have found significant sex differences in the LC-NE system
including increased numbers of LC neurons and differences in dendritic structure allowing
female rats to receive more CRF-containing afferents from limbic regions (Bangasser et al.,
2016). In addition, estrogen can increase NE in LC target regions by enhancing the capacity
for NE synthesis and reducing NE degradation, potentially increasing arousal in females
(Bangasser et al., 2016). Finally, one study found that CRF was 10-30 times more potent in
activating LC neurons in female vs. male rats (Curtis et al., 2006). These findings suggest
that stress system dysregulation caused by chronic opioid dependence in humans may differ
by gender, but this has not been systematically explored.

Current Study

Understanding the biological mechanisms that underlie gender differences in vulnerability to
opioid dependence is greatly needed to adapt and enhance evidence-based treatments for
opioid dependence to promote increased treatment initiation, maintenance, and time to
relapse by addressing gender-specific differences. This pilot study prospectively investigated
gender differences in subjective stress, heart rate and neuroendocrine response to a
laboratory stressor and drug cue paradigm among women and men with opioid dependence.
Further, gender-differences in predictors of relapse during the week following testing were
examined.

Methods

Participants

The current study used the subsample of men (7=21) and women (/7=18) with opioid
dependence who were part of a larger study that involved testing associations between stress,
HPA axis function, and drug use among non-treatment seeking individuals with opioid
dependence or healthy controls (Back et al., 2015). Participants were recruited through
advertisements in newspapers, Craigslist, and local clinics. Interested participants were
screened for study eligibility over the phone and subsequently with a clinical assessment and
physical examination in the clinic. Exclusion criteria included: pregnancy or nursing, major
medical problems and psychiatric conditions that could impact the HPA axis, BMI greater or
equal to 39, use of opioid replacement therapies in the past three months, use of treatment
agents that may interfere with stress response such antihypertensive medications, and DSM-
IV substance dependence other than opioid dependence (excluding caffeine and tobacco).
Participants included adults who met criteria for current substance dependence as defined by
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (Association,
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2000) on opioid analgesics. Laboratory procedures took place at the same time in the
morning for all participants following a one-night hospital stay.

Demographic Characteristics.—Participants completed demographic questions
including gender, age, race, marital status, and education level.

Substance Use.—The Time Line Follow-Back (Sobell & Sobell, 1992; TLFB) was used
at baseline and the one-week follow-up visit to assess daily substance use during the past 30-
days and past week respectively. To determine eligibility for the study and presence of
opioid dependence, the Structured Clinical Interview for DSM-IV (First et al., 2002; SCID)
and the Mini International Neuropsychiatric Interview (Sheehan et al., 1998; MINI) were
used. On Track Test Cup® and breathalyzer tests were administered to verify abstinence
from alcohol and other non-opioid substances prior to the hospital visit.

Lifetime Exposure to Traumatic Events.—The Life Stressor Checklist-Revised (Wolfe
and Kimerling, 1997; LSC-R) was used to assess past exposure (yes or no) to 30 potentially
traumatic life events, for example, serious accidents, interpersonal violence, and physical
and sexual abuse. The LSC-R also includes women’s life experiences such as pregnancy
abortion (Norris and Hamblen, 2004). The total number of lifetime events were summed.

Subjective Stress.—The Within Session Rating Scale (Childress et al., 1986) was used to
create an analog scale for subjective stress, sadness, happiness, anger, craving, and amount
of money participants were willing to pay for opioids. Participants rated the items from 0
(not at all) to 10 (extremely). The 20-item State-Trait Anxiety Inventory(Spielberger, 2010)
(STAI) was used to assess current levels of anxiety using a 4-point Likert scale ranging from
not at allto very much so. Measures were completed immediately prior to the TSST or no-
stress condition, immediately after the TSST/prior to the drug cue paradigm, and at 15, 30,
and 60 minutes after the drug-cue paradigm.

Heart rate.—Electrodes were placed on the ribcage and collar bone of participants and
heart rate (HR) was continuously measured immediately prior to the TSST or no-stress
condition, during the TSST, immediately after the TSST/prior to the drug-cue paradigm,
during the drug-cue paradigm, and at 15, 30, and 60 minutes after the drug cue paradigm.

Neuroendocrine response.

Unstimulated salivary samples were collected to measure dephydroepiandrosterone (DHEA)
and cortisol. DHEA and cortisol were assayed in duplicate using salivary DHEA (intra-assay
precision of 5.6% with a sensitivity of 5pg/mL) and cortisol (intra-assay precision of 3.35%
- 3.65% with a sensitivity of <0.003 ug/dL) enzyme immunoassay systems. PowerWave HT
Microplate and Precision Series Automated Liquid Handling System (BioTek Instruments,
Inc.) were used to analyze DHEA and cortisol. Samples were collected immediately prior to
the TSST or no-stress condition, immediately after the TSST/prior to the drug-cue paradigm,
and at 15, 30, and 60 minutes after the drug cue paradigm.
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Laboratory Procedure

The local Institutional Review Board approved all study procedures for the larger study
(Back et al., 2015). Upon arrival to the hospital, participants completed a breathalyzer and
UDS to test for alcohol and other substances, excluding caffeine and tobacco. Participants
who were abstinent from opioids, alcohol and other substances of abuse for three days and
did not have significant withdrawal symptoms were admitted for the overnight stay at 2000h
the evening prior to the testing. Twenty-four hour nicotine replacement therapy was provided
to participants who smoked cigarettes for the duration of the hospital stay. The next
morning, participants had a standard breakfast at 0730h followed by a 60-minute
acclimation period from 0830-0930h, pre-testing assessments from 0930h and 0945h, and
testing starting at 0950h.

Participants were randomly assigned to a standardized 15-minute Tier Social Stress Task
(Kirschbaum et al., 1993; TSST) or a no-stress condition using urn randomization (Wei and
Lachin, 1988). The TSST invokes stress by giving participants 5-minutes to prepare a speech
followed by verbally providing the speech for 5-mintues and completing serial subtractions
for 5-minutes to 3 confederates. Control participants relaxed during this 15-minute period.
Next, all participants completed a 15 minute drug cue paradigm that involved three 5-minute
components (Back et al., 2011) including an audio induction script, handling drug
paraphernalia, and viewing a video of people using prescription opioids. Heart rate,
neuroendocrine response, and subjective ratings were collected immediately prior to the
TSST or no-stress condition, immediately after the TSST/prior to the drug cue paradigm and
at 15, 30, and 60 minutes after the drug-cue paradigm. Participants were subsequently
debriefed, compensated, and discharged.

Data Analysis

This secondary analysis focused on gender differences in the stress response of participants
with opioid dependence who were randomized to a TSST stress task plus a drug cue
paradigm (stress+drug cue group) to those randomized to the drug cue paradigm only (drug
cue only group). Standard descriptive statistics were used to quantify demographic, clinical
and substance use characteristics for the entire study cohort as well as across randomized
study treatment assignments. Baseline continuous and count characteristics are presented as
means and associated standard deviations while categorical characteristics are presented as a
proportion of the group or total sample size. Continuous and count characteristics are
compared across group assignment and gender using a Wilcoxon rank sum statistic while
categorical characteristics are compared using a Pearson Chi-Square test statistic (or Fisher
exact test when appropriate).

The primary analysis of longitudinal responses to the stress+drug cue or drug cue only was
analyzed over all five post-TSST time points (matched timing accordingly for drug cue only
group). Generalized linear mixed effects models assuming a Gaussian distribution (GLMMS)
were used to assess the overall treatment assignment and gender differences over time.

Initial models contain group assignment, gender, time, and baseline measures of the model
outcome. Additionally, interaction terms of interest were added to the model; specifically,
group assignment by gender and treatment assignment by time. Group level means were
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constructed using model based estimates and associated standard errors. Restricted
maximum likelihood (REML) methods were used to estimate fixed effects and variance
components in the presence of imbalanced data (Patterson and Thompson, 1971). Residual
normality was assessed for each model using Q-Q plots and data transformations were
performed when necessary; specifically, it was necessary that both cortisol and DHEA were
logyq transformed prior to analysis. Although this pilot study was not powered to determine
statistically significant gender by treatment interactions, a primary goal was to estimate
gender differences in subjective stress response in a population with opioid dependence; thus
group analyses are additionally stratified by gender. Secondarily, opioid use rates at a 1-
week follow up visits were collected using the TLFB. Substance use rates (any use) are
compared between groups and gender using Fisher’s exact test and presented as percentage
of the available participants reporting use. Amount of substance use per using day is
compared between groups and gender using a Wilcoxon rank sum test statistic and presented
as the median daily use and associated interquartile range (IQR). All statistical analysis were
conducted using SAS version 9.4 (SAS® 9.4) and significance for all comparisons was set at
a 2 sided p-value of 0.05.

Study Participant Characteristics

Baseline demographics and clinical characteristics were examined for the cohort as well as
across groups (Table 1). At study baseline, the mean participant age was 34.9 (SD=12.6)
years, 47% (n=18) were female and 82% (n=32) were Caucasian. There were no significant
differences in age, race, gender or prior opioid use characteristics between the randomized
groups (stress+drug cue vs. drug cue only). However, female study participants were
significantly older [41.2 (SD=12.4) vs. 29.5 (10.2); p=0.008], began opioid use at a
moderately older age [26.2 (13.1) vs. 18.3 (5.1); p=0.109], progressed to opioid dependence
later [30.7 (12.3) vs. 23.5 (7.1); p=0.068], and reported more lifetime traumatic events [10.5
(4.7) vs. 5.7 (3.6); p=.001], than male participants. Additionally, female participants
reported moderately greater subjective stress [4.2 (2.4) vs. 3.0 (2.2); p=0.066] and had
higher HRs [73.3 (8.7) vs. 66.9 (10.6); p=0.019] prior to the study protocol initiation than
male participants.

The majority of participants indicated that they were given opioids by a medical provider
(52.1%). Other participants indicated that the opioids came from a friend or family member
(43%) and a minority of participants indicated that the opioids were stolen from a friend or
family member (4.9%). The majority of participants initially used the opioid medically to
reduce pain (66.2%). However, only a minority indicated current use was to reduce pain
(23.9%).

Although participants were excluded who had current substance dependence other than from
opioids, many of the participants had a history of substance dependence. A total of 38.5%
had a history of alcohol dependence, 35.9% had a history of cocaine dependence, 25.6% had
a history of cannabis dependence, and 5.1% had a history of dependence on sedatives.
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Response to Laboratory Tasks

Subjective stress ratings, HR, and neuroendocrine responses were collected prior to and
following the stress/cue paradigm. As anticipated, participants randomized to the stress
+drug cue group reported a greater overall subjective stress response to the paradigm than
those randomized to the drug cue only group (F1 34=23.8; p=0.001). Additionally, female
participants reporter significantly greater subjective stress following the laboratory tasks
than males (F1,34=6.5; p=0.015); specifically noted in the stress+drug cue task (Figure 1).

Cortisol and DHEA were collected at the same time points as subjective stress. Following
the laboratory tasks, the stress+drug cue group had significantly greater cortisol levels as
compared to the drug cue only group (F1 34=5.0; p=0.032). This difference is primarily
driven by a numerically greater response in the male stress+drug cue group (Figure 2a;
group x gender interaction F1 34=2.7; p=0.113). The DHEA response to the stress paradigm
was similar in direction to the cortisol response, although not as strong (group effect,
F131=0.8; p=0.377). However, the gender differential across group assignments is consistent
with the cortisol pattern, with the men exhibiting a greater DHEA response as compared to
women (Figure 2b; group x gender interaction F1 31=3.4; p=0.073). Heart rate data was
collected continuously and means were collected during binned times according to the
measurement timing as described above, additionally heart rate data was also collected
auring the paradigm. Participants randomized to the stress+drug cue group experienced
higher mean heart rate values as compared to the drug cue only group (Figure 3; Fq 31=12.3;
p=0.001). Of interest, HR for women was significantly higher at the 30 and 60 minute post-
laboratory task measurement as compared to men, whose HR had returned to baseline levels
by the 30 minute post-laboratory task measurement.

Follow Up Use Rate

At the 1-week follow-up visit, 32 of the 39 randomized participants reported drug use data;
18 in the stress+drug cue group and 14 in the drug cue only group. Twenty-five of the 32
participants (78%) reported any use during follow-up. In the stress+drug cue group, 16 of
the 18 participants (89%) reported any use while 9 of the 14 participants (64%) in the drug
cue only group reported any use (Fisher exact p=0.195). Among participants that reported
any use, those in the stress+drug cue group reported a median of 2.71 opioid pills (IQR
2.06-4.60 pills) per using day while those in the drug cue only group reported a median of
1.60 pills (IQR=1.10-3.50 pills) per using day [Wilcoxon Rank Sum test p=0.349].
Participant gender was not associated with significant differences in use rates [Females
71.4% vs. Males 83.3%; Fisher exact test p=0.419] or use per using day [Females
Median=2.31 (1.50-2.71) vs. Males 3.00 (1.00-4.00) p=0.597].

Participants did report other drug use at follow-up. Specifically, 34.4% of participants
reported using alcohol, 27.3% reported using cannabis, 12.1% reported using cocaine, and
6% reported using heroin.
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Discussion

The current study examined gender differences in subjective stress, HR, and cortisol/ DHEA
in response to a laboratory stressor (TSST) and drug cue paradigm among men and women
with opioid dependence to inform the biological mechanisms underlying gender differences
in vulnerability to opioide dependence. While women reported greater subjective stress
following the TSST compared to men, men had higher cortisol levels and DHEA response
following the TSST compared to women. There was no difference in cortisol and DHEA
response among women in the stress+drug cue group compared to the drug cue only group.
While both men and women had an increase in HR in response to the TSST, for men the HR
returned to baseline levels by 30 minutes post-stressor while for women the HR remained
elevated at the 60-minute measurement time point. Although findings should be considered
pilot data, they suggest important gender differences in stress response that are consistent
with gender differences found in other SUDs and particular vulnerability among women.

While subjective distress was greater among those randomized to the stress+drug cue group
compared to those in the drug cue only group, this finding was moderated by gender. Among
participants randomized to the stress+drug cue group, women reported greater subjective
stress than men. This finding is consistent with previous research indicating that women
report greater emotional intensity at lower levels of HPA arousal (Fox et al., 2008). This
finding is particularly concerning among individuals with opioid dependence, as women
may be more likely than men to attribute use and relapse to negative emotional states (Back
etal., 2011; Connors et al., 1998). Of interest, in a study of gender differences in response to
CRF administration in cocaine dependence, high subjective stress ratings following CRF
administration were positively associated with higher cocaine use in the month following
testing (Back et al., 2010). It may be that women with opioid dependence experience stress
more intensely than men with opioid dependence, and this stress may lead to increased use,
thus increasing risk for overdose.

Despite the increased subjective stress, women did not demonstrate an increase in cortisol
and DHEA response to the TSST consistent with a meta-analysis on gender differences post-
TSST in cortisol reactivity (Liu et al., 2017). Men demonstrated increases in both cortisol
and DHEA following the TSST. This finding suggests blunting of the normal HPA axis
stress response in women with opioid dependence, consistent with the literature on cocaine
and nicotine dependent individuals (Back et al., 2008; Brady et al., 2009). Back and
colleagues (Back et al., 2010) reported that attenuated levels of ACTH and cortisol following
the TSST in cocaine-dependent individuals was associated with significantly increased
likelihood of use and a shorter time to relapse in the 30 days following testing. Similarly,
several studies have demonstrated that blunted ACTH and cortisol responses to the
laboratory paradigms in alcohol-dependent (Brady et al., 2006; Cooney et al., 1997;
Junghanns et al., 2003) and nicotine-dependent individuals (al’Absi et al., 2005) is
associated with relapse in the month following testing. Unfortunately, gender analysis was
not conducted in any of these studies. The current study found that those in the stress+drug
cue group used more in the week following the experiment compared to those in the drug
cue only group. However, gender differences were not found. It is possible that the response
to the TSST served as a mediator of the association between gender and post-experimental
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prescription opioid use, however, the sample size was too small to conduct this analysis.
Nonetheless, this study combined with previous literature suggests that HPA axis
dysregulation may be associated with vulnerability to relapse and the data from this and
other studies suggest greater HPA axis dysregulation in women. Treatments targeting stress
systems and HPA axis dysregulation may be particularly efficacious for women with
substance use disorders.

DHEA is released from the adrenal gland with cortisol in response to stress, however DHEA
exerts antiglucocorticoid and antiglutamatergic activity in the brain and may confer
neuroprotection (Charney, 2004). When stress is chronic and cortisol levels remain high, this
can have serious adverse effects on multiple physiologic systems (Ozbay et al., 2007). As
such, DHEA may confer resilience to stress by helping to terminate HPA-activation and
prevent harmful effects of prolonged exposure to glucocorticoids. Men in the stress+drug
cue group had significantly higher levels of DHEA compared to men in the drug cue only
group whereas women did not experience an increased DHEA response to the TSST. This
may be further evidence for HPA dysregulation and vulnerability to adverse effects of stress
in drug-dependent women as compared to men.

Finally, while the HR increased for both men and women following the TSST, the HR for
women with opioid dependence remained elevated at 30 and 60 minutes post-stressor while
men’s HR returned to baseline. HR elevations occur immediately after exposure to a stressor
and are regulated the locus-coeruleus-noradrenergic (LC-NE) sympathetic nervous system,
which is rapidly mobilized following stress. There is a robust literature suggesting increased
sensitivity of the noradrenergic system in women with cocaine (McRae-Clark et al., 2017)
and tobacco (McKee et al., 2015) use disorders as compared to men. For example, women
with cocaine use disorder exhibit more physiologic response and anxiety when administered
yohimbine, an agent that increases NE release (Moran-Santa Maria et al., 2014) and more
diminution of craving and stress response following administration of an agent that
decreases noradrenergic function (Fox et al., 2014). Similarly, women with tobacco use
disorder show less craving and greater reduction in smoking following noradrenergic
blocking agents as compared to men (Verplaetse et al., 2015). Although our sample size is
small, these findings suggest increased noradrenergic sensitivity women as compared to men
with opioid dependence. This warrants further investigation as this difference has clear
implications for therapeutic development.

Women in the study did have significant differences from men that cannot be extrapolated
from gender differences in stress response due to multicollinearity. Women were older,
began opioid use at an older age, progressed to opioid dependence at a later age, reported
more subjective stress prior to the experimental paradigms, and reported more traumatic
experiences when compared to men. These sample differences may have contributed to
differences in subjective stress and decreased neuroendocrine response after the stress
paradigm. A review of the pre-clinical and human studies using non-drug dependent samples
(Rasmusson et al., 2004) suggests the opposite, that individuals with traumatic event
exposure have higher stress responsiveness due to long-term hyperactivity of CRF systems.
This initial hyperactivity can result in a blunted stress response due to CRF hypersecretion
(Heim and Nemeroff, 2001), and may explain the blunted cortisol response found among
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women in the current study despite higher subjective stress when compared to men. Previous
research examining the association between traumatic event exposure and cortisol response
to the TSST found similar results to the current study among non-drug-dependent women
suggesting that individuals with prior traumatic event exposure (Carpenter et al., 2011) and
those with posttraumatic stress disorder (Wichmann et al., 2017) experience a blunted
cortisol response after the TSST. The blunted cortisol response related to traumatic event
exposure mimicks that of potential HPA axis disruption among women with cocaine (Brady
et al., 2009) and tobacco use (Back et al., 2008) disorders. Because HPA dysregulation is
one possible mechanism explicating enhanced vulnerability to relapse in response to
negative affect among women (Fox et al., 2008) and this blunted stress response may be
related to both traumatic event exposure and opioid dependence among women, future
research should be designed to differentiate the impact of trauma history from gender effects
on stress responding in a larger sample of individuals with opioid dependence to best inform
interventions.

Strengths and Limitations

This was the first study to examine gender differences in subjective stress and
neuroendocrine response to a stress task among individuals with opioid dependence. These
gender differences can potentially explicate the differences in vulnerability to opioid
dependence and relapse based on gender. However, there are a number of limitations. First,
the sample size is small and these findings should be interpreted as preliminary. In spite of
the small sample size, significant gender differences with potential treatment implications
were found. Future work is needed to examine subjective stress and neuroendocrine
response to a stress task among a larger sample individuals with opioid dependence. Second,
due to multicollinearity between gender and traumatic event exposure, it was not possible to
tease out differences based on traumatic event exposure within the current participant pool.
Future work should recruit an equal sample of men and women with and without traumatic
event exposure to examine if the differences found in the current study are due to gender or
traumatic event exposure. Finally, individuals were excluded if they were on opioid
replacement therapy. Therefore, future research should examine differences between those
on and not on opioid replacement therapy.

Conclusion

Although women with opioid dependence reported greater subjective stress to the TSST
paradigm than men with opioid dependence, men had the expected post-stress increase in
cortisol and DHEA, whereas for women this response was blunted. There was some
evidence for increased noradrenergic sensitivity to stress in women as compared to men.
These findings must be replicated in a larger sample, but they are consistent with findings
from other studies in substance-using populations and have clear treatment implications.
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Highlights
Opioid dependence is a significant public health problem
We examined gender differences in vulnerability to opioid dependence
Women reported greater subjective stress to after a stress task than men

Women evidenced a blunted cortisol response to a stress task compared to
men
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Figure 1.
Subjective stress response stratified by randomization group and gender. Data are shown as

model based means and associated standard errors adjusted for baseline stress response.
*p<0.05 Stress females as compared to Stress group male participants.
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(A) Cortisol and (B) DHEA response stratified by randomization group and gender. Data are
shown as logg transformed model based means and associated standard errors adjusted for

baseline cortisol/DHEA. *p<0.05 Stress females as compared to Stress group male

participants.
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Figure 3.

Heart Rate response stratified by randomization group and gender. Data are shown as model
based means and associated standard errors adjusted for baseline heart rate. *p<0.05 Stress
group females as compared to Stress group male participants.
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Sample demographics, history of substance use and baseline psychological and biological stress response

variables.

Treatment Assignment/Gender Group

Overall
Study No Stress Group Stress Group
Cohort
(n=39) Male Female Male Female
(n=10) (n=10) (n=11) (n=8)
Demographics
Age 34.9 (12.6) 28.5(10.5) 38.3(13.3) 30.5(10.3) 148 (11.0)#
Female % (n) 46.5 (18) -- - - -
Race/Ethnicity % (n)
Caucasian 82.1(32) 80.0 (8) 80.0 (8) 90.9 (10) 75.0 (6)
African American 5.1(2) 0.0 (0) 0.0 (0) 0.0 (0) 25.0(2)
Hispanic 51(2) 10.0 (1) 0.0 (0) 9.1(1) 0.0 (0)
Native American 7.7 (3) 10.0 (1) 20.0 (2) 0.0 (0) 0.0 (0)
Lifetime number of traumatic experiences 7.9 (4.8) 6.0 (3.0) 11.4 (52)# 55(4.2) 9.4(7.2)
Substance Use
Age of first opiate use 21.9 (10.3) 203(5.8)  24.2(14.3) 16508) 95017 "
Age OUD onset 26.8 (10.4) 24.8 (8.1) 28.4(14.3) 22.4(6.2) 33594) %
Days using Opiates (past 30 days) 18.2 (8.5) 19.0 (8.4) 18.3 (8.0) 145 (8.1) 22.1(9.5)
Pills per using Day (past 30 days) 4.3(2.8) 3.7(1.8) 5.8 (4.1) 3.2(1.9) 4.7 (2.6)
Past month Substance Use % (n) *
Heroin 8.1(3) 0.0 (0) 11.1 (1) 10.0 (1) 12,5 (1)
Alcohol 59.5 (22) 77.8(7) 33.3(3) 81.8(9) 37.5(3)
Cannabis 41.7 (15) 44.4 (4) 33.3(3) 60.0 (6) 25.0 (2)
Cocaine 30.6 (11) 33.3(3) 55.6 (5) 20.0 (2) 12,5 (1)
Baseline Response Variables
Subjective Stress 3.5(2.3) 24(21) 4.4(2.7) 3.5(2.3) 4.0(2.1)
Cortisol (ug/dL) 0.27 (0.13) 0.23(0.14)  0.30(0.14)  0.28(0.11)  0.25(0.13)
DHEA (pg/mL) 170.3(108.9) 2269 (137.9) 143.7 (64.9) 149.3(117.2) 157.2(90.6)
Heart Rate 70.1 (10.1) 66.6(7.8) ;54 ©on? 67.2 (13.3) 70.8 (8.1)

Continuous data are presented as means and associated standard deviations while categorical characteristics are presented as percentages and the

number in each category.

*

2 participants in the stress group failed to report past 30 day heroin use status, 2 participants in the no stress group failed to report past 30 days

alcohol use status, 2 participants in the no stress and 1 in the stress group failed to report past 30 days cannabis and cocaine use status.

# -
p<0.05 as compared to male participants.
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