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Abstract

There are significant gender differences in course, symptomology and treatment of substance use 

disorders. In general data from clinical and preclinical studies of substance use disorders suggest 

that women are more vulnerable than men to the deleterious consequences of drug use at every 

phase of the addiction process. In addition data from epidemiologic studies suggest that the gender 

gap in the prevalence of substance use is narrowing particularly among adolescence. Therefore, 

understanding the role of estrogen and progesterone in mediating responses to drugs of abuse is of 

critical importance to women’s health. In this review we will discuss findings from clinical and 

preclinical studies of 1) reproductive cycle phase; 2) endogenous ovarian hormones; and 3) 

hormone replacement on responses to stimulants, nicotine, alcohol, opioids and marijuana. In 

addition, we discuss data from recent studies that have advanced our understanding of the 

neurobiologic mechanisms that interact with estrogen and progesterone to mediate drug-seeking 

behavior.

Introduction

For many years, research in the area of addictions, both preclinical and clinical, was focused 

on males only and gender differences were considered inconsequential. However, research 

conducted over the last two decades suggests important gender differences in every stage of 

the addiction process. For example, women initiate drug use at an earlier age, use more 

addictive routes of administration, meet criteria for substance use disorders faster and enter 

treatment programs earlier than men [1–5]. Findings from preclinical models of the 

transition phases (drug initiation, binging and relapse) are unequivocal. Compared with male 

rodents, female rodents acquire drug self-administration faster, exhibit greater binge like 

drug intake, are more resistant to drug extinction and exhibit greater drug-seeking behavior 

in response to triggers of relapse [6–11]. Thus, although the prevalence of addiction appears 

to be greater in men than in women, the effects of short and long-term drug use can be 

particularly damaging for women. These gender differences may be a result of psychosocial 

differences, biologic differences or a combination of factors. In this review we will present 
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an overview of findings from clinical and preclinical studies of the impact of estrogen and 

progesterone on responses to stimulants, nicotine, opioids, marijuana and alcohol as well as 

recent studies investigating the neurobiologic mechanisms underlying the impact of ovarian 

hormones on drug effects and drug-related behavior.

Female Reproductive Cycle

The human female reproductive cycle typically lasts 28 days and is roughly divided into the 

follicular phase and the luteal phase. Menses occurs during the early follicular phase and 

marks a period of low and relatively stable levels of estrogen and progesterone. During the 

mid-follicular phase, estrogen levels begin to increase and peak just prior to ovulation while 

progesterone levels remain low. The luteal phase begins after ovulation. Progesterone levels 

begin to rise and peak 3–8 days after ovulation and decline prior to menses. In contrast to 

the human menstrual cycle, the rodent estrous cycle lasts four days. Most of the preclinical 

addictions research has focused on estrus and proestrus phases of the reproductive cycle 

since the estrus phase of the rat and early follicular phase in women are both characterized 

by relatively low levels of progesterone and estrogen. Progesterone and estrogen levels peak 

during proestrus, the rise in progesterone is a hallmark of the luteal phase in women [12]. 

Non-human primates have also been used to investigate the role of ovarian hormone levels 

and drug seeking behavior. Monkey reproductive cycles are similar to human cycles and 

afford the opportunity to measure daily hormone levels that can be difficult to collect in an 

out-patient clinic and in non-treatment seeking women with substance use disorders.

Stimulants

Research on ovarian hormone influences on responses to drugs of abuse has primarily 

focused on stimulants such as cocaine and methamphetamine. In general, clinical studies 

have found that the positive reinforcing effects (drug liking, euphoria and high) of cocaine 

and methamphetamine are greater during the follicular phase than during the luteal phase 

[13–16]. These data are consistent with preclinical data that suggest that the presence of 

progesterone during the luteal phase attenuates the reinforcing effects of stimulants or that 

the presence of estrogen in the follicular phase enhances the reinforcing effects of stimulants 

[17–20]. However, other clinical studies have failed to demonstrate an effect of menstrual 

cycle phase on subjective responses to intranasal or intravenous cocaine administration [21–

23]. These disparate findings may reflect differences in the route of drug administration (i.e. 

smoked cocaine vs. intranasal or intravenous cocaine administration) or differences in the 

methodology for tracking menstrual cycle-related hormonal changes. As noted above, 

significant fluctuations in ovarian hormones occur within each phase of the menstrual cycle. 

As such, direct measures of endogenous estrogen and progesterone levels may be the more 

accurate methodology for investigating the impact of ovarian hormones on the behavioral 

responses to stimulants and mood in stimulant-dependent women. In one study, Sinha and 

colleagues found that cocaine-dependent women with high levels of endogenous 

progesterone (> 4 ng/ml) reported significantly lower cue- and stress-induced craving as 

compared to women with low levels of endogenous progesterone [24]. Another study 

compared endogenous estrogen and progesterone levels between recently abstinent cocaine-

dependent women and a group of healthy control women. Salivary estrogen and 
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progesterone levels were collected daily for 28-days. Compared to the control group, 

cocaine-dependent women exhibited significantly greater levels of salivary progesterone and 

lower estrogen to progesterone ratios throughout the menstrual cycle [25]. These findings 

suggest that while cycle duration and ovulation remain intact in cocaine-dependent women 

[13], chronic cocaine use and/or abstinence may alter the hormonal milieu. Cocaine craving 

was associated with the estrogen to progesterone ratio during the late luteal phase [25], 

suggesting that reductions in progesterone that occur during the late luteal phase may make 

this a period of high risk for drug craving and relapse for women.

A growing literature demonstrates that exogenous progesterone administration attenuates the 

positive subjective responses to smoked and intravenous cocaine in cocaine-dependent 

women [26–28]. Thus, increasing progesterone may protect against the reinforcing effects of 

stimulants and attenuate risk for drug-primed craving and relapse. Drug-paired cues and 

stress are also significant predictors of craving and relapse. Fox and colleagues (2013) 

examined the impact of exogenous progesterone on subjective and endocrine responses to 

guided imagery of imagery of stress, drug-cues and relaxing conditions in early abstinent 

cocaine-dependent men and women. Subjects received daily doses of micronized 

progesterone (400 mg/day) or placebo for seven days. Compared to placebo, progesterone 

significantly attenuated cue-induced craving and cortisol levels, but increased cue-induced 

corticotropin levels. Progesterone also improved cognitive performance in both men and 

women. Women receiving progesterone reported lower ratings of negative mood and higher 

ratings of relaxed mood in response to the stress condition. Interestingly, this finding was 

not observed in men [29]. Similarly, a clinical trial found that cocaine-dependent men 

treated with progesterone had a lower probability of having a negative urine drug screen 

than cocaine-dependent men treated with placebo [30]. These data are consistent with 

findings from a preclinical study suggesting that the progesterone metabolite 

allopregnanolone attenuated methamphetamine-induced reinstatement in female rodents but 

not in male rodents [31]. Thus, in stimulant dependence, the effects of exogenous 

progesterone/allopregnanolone administration on drug seeking behavior may be moderated 

by both sex and the context of the cue.

As noted above preclinical studies have consistently found that estrogen enhances the 

reinforcing effects of stimulants [7, 18, 19]. Ramoa and colleagues used an extended access 

self-administration model of “binge-like” drug seeking behavior to examine the role of 

estrogen in the vulnerability of females to the addicted phenotype. Following two weeks of 

abstinence from self-administration, ovariectomized (OVX) female rodents treated with 

estrogen (OVX-E) exhibited significantly greater cocaine-seeking behavior as compared to 

OVX rodents treated with vehicle (OVX-VEH) [32]. These results suggest that estrogen 

plays an important role for females in the transition from recreational drug use to 

compulsive drug seeking behavior. In a follow-up study, the same group examined the role 

of dopamine in mediating estrogen’s effects on compulsive cocaine-seeking behavior. The 

dopamine D1 receptor antagonist SCH23390 was administered directly into the ventral 

striatum of OVX-E, OVX-VEH and intact female rodents. The D1 antagonist played a 

greater role in attenuating cocaine seeking behavior in OVX-VEH rodents compared to 

OVX-E and intact female rodents, suggesting that the facilitatory effects of estrogen on 

compulsive drug seeking behavior may be independent of D1 receptor activation [33]. These 
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data are consistent with the extant literature suggesting that while dopamine is critical for 

the acute reinforcing effects of stimulants, glutamate plasticity in the striatum and prefrontal 

cortex plays a preeminent role in the addicted phenotype [34]. The estrogen receptor α is 

functionally coupled to metabotropic glutamate receptors (mGluRs) in the striatum [35, 36]. 

Martinez and colleagues explored the role of mGluRs as mechanism responsible for 

estrogen’s enhancing effects on behavioral sensitization to cocaine. Administration of the 

mGluR5 receptor antagonist MPEP prevented the facilitatory effects of estrogen on cocaine-

induced sensitization without impacting the acute responses to cocaine [37]. Thus, 

interactions between estrogen and the glutamate system may play a role in the maintaining 

the addicted phenotype.

Nicotine

Findings from clinical studies of nicotine-dependent women suggest that ovarian hormones 

affect symptoms of nicotine withdrawal and responses to triggers of smoking behavior. For 

example, urges to smoke and symptoms of nicotine withdrawal are elevated during the late 

luteal phase when progesterone levels begin to fall [38–40]. Female smokers exhibit greater 

craving to smoking cues during the luteal phase as compare to the follicular phase [40]. 

Other studies have found no effect of menstrual cycle phase on cognitive performance or 

subjective responses to nicotine administration in abstinent female smokers [41, 42]. A 

recent clinical laboratory study examined the effects of changes in endogenous levels of 

estrogen and progesterone on smoking behavior in nicotine-dependent women and found 

that decreases in estrogen and progesterone were associated with an increase in cigarette 

puff intensity [43]. Interestingly, the ratio of progesterone to estrogen was inversely 

associated with a greater number of puffs and weight of cigarettes smoked. In addition, this 

study found that the ratio of progesterone to estrogen and changes in estrogen and 

progesterone were the best predictors of smoking behavior. These data parallel findings in 

both preclinical and clinical studies demonstrating diminished attentiveness to nicotine 

following progesterone administration in the framework of low levels of estrogen (Lynch, 

2009; Sofuoglu & Mooney, 2009) and a reduction in relapse rates among female smokers 

who quit during the luteal phase compared to the follicular phase (Allen, et al., 2008). 

Importantly, these data suggest that reproductive phase and/or absolute levels of estrogen or 

progesterone may not be sufficient to explain the impact of ovarian hormones on nicotine 

seeking behavior and emphasize the importance of changing hormone levels and the 

estrogen/progesterone ratio. Including measurements of endogenous estrogen and 

progesterone over time may be particularly important for studies of ovarian hormones and 

smoking behavior in women.

Another clinical study investigated the dose-dependent effects of exogenous progesterone on 

smoking behavior and cognition in abstinent nicotine-dependent smokers. Participants 

received either 200 or 400 mg/day of progesterone or placebo for three days. Interestingly 

the 400 mg dose of progesterone attenuated the “urge” to smoke in both males and females 

[44]. In addition, males and females receiving the 200 mg dose of progesterone improved 

their performance in the Digital Symbol Substitution Test. Females, but not males, showed 

improvements in the Stroop task. This is of importance because women have been 

demonstrated in several studies to be less responsive to pharmacotherapy for smoking 
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cessation as compared to men [45–47]. As such, the finding that progesterone might be 

preferentially efficacious in smoking cessation for female smokers could have important 

clinical implications.

The β2 subunit of the nicotinic acetylcholine receptor (nAChR) plays an important role in 

the primary reinforcing effects of nicotine and cigarette smoking up-regulates β2-nAChR 

expression in the brain [48–51]. Of note, progesterone blocks nAChR function [52, 53]. 

Thus, the protective effects of progesterone on craving in nicotine-dependent women may be 

mediated through its inhibitory effect on β2-nAChR function. A recent neuroimaging study 

used single photon emission computed tomography (SPECT) to measure the association 

between endogenous levels of ovarian hormones, β2-nAChR availability and symptoms of 

nicotine withdrawal in recently abstinent nicotine-dependent cigarette smokers. In both 

smokers and non-smokers, β2-nAChR availability was negatively correlated with 

progesterone levels but not with estrogen levels or with the ratio of estrogen to progesterone 

[54]. Higher progesterone levels were associated with greater self-reported depression, 

nicotine withdrawal and craving to smoke to relieve withdrawal. There was no association 

between β2-nAChR availability and craving or symptoms of nicotine withdrawal. These 

findings suggest that the relationship between progesterone, craving and symptoms of 

nicotine withdrawal may be independent of β2-nAChR receptor availability. It is important 

to note that the study included women on birth control and menopausal women which could 

impact endogenous hormone levels. Future studies examining interactions between ovarian 

hormones and β2-nAChR in a more homogeneous group of women who are free of 

hormonal contraceptives may be warranted. In addition, given the findings of Schiller and 

colleagues [43], associations between changes in hormone levels and/or the progesterone to 

estrogen ratio in β2-nAChR availability may also be of interest in future studies.

Alcohol

Studies of menstrual cycle phase effects on subjective response to alcohol have had 

conflicting results. One study of healthy non-dependent women found anxiogenic effects of 

alcohol during the luteal phase, but no effects of alcohol on anxiety during the follicular 

phase [55]. Others have found anxiogenic effects of alcohol during the follicular phase but 

not during the luteal phase [56]. These discrepant results may reflect differences in the doses 

of alcohol administered. Results from studies of menstrual cycle phase on the reinforcing 

effects of alcohol are also conflicting. Alcohol produced a greater increase in positive 

subjective during the luteal phase than during the follicular phase [57]. Another study 

compared responses to alcohol and alcohol intake in healthy women at four stages of the 

menstrual cycle; early follicular, late follicular, mid luteal and late luteal phases. The 

subjective effects of alcohol and volume of alcohol consumed did not vary across the 

menstrual cycle [58]. It is important to note that these data were collected from a group of 

healthy women without a history of alcohol use disorders. Individual variability in alcohol 

use may be an important determinant of menstrual cycle phase effects on alcohol intake. For 

example, binge drinking is prevalent in women who are at risk for eating disorders, and 

women who show patterns of restrictive eating consume greater amounts of alcohol [59–61]. 

A recent study examined the relationship between patterns of alcohol intake and dietary 

restraint as a function of menstrual cycle phase in a group of women who were at-risk for 

Moran-Santa Maria et al. Page 5

Curr Psychiatry Rep. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



developing alcohol use disorders. Restrained eaters drank less than the unrestrained eaters 

during the follicular phase [62]. Menstrual cycle phase may also differentially affect alcohol 

consumption in women who restrict their eating. In addition, menstrual cycle phase may 

differentially affect responses to alcohol in women with a family history of alcoholism as 

compared to women without a family history of alcoholism [57]. Specifically, alcohol-

induced dysphoria during the luteal phase is greater in women with a family history of 

alcohol use disorders than in women without a family history of alcohol use disorders.

Preclinical studies demonstrate significant effects of endogenous hormone levels and cycle 

phase on alcohol intake and behavior. For example, the rewarding effects of alcohol are 

found in intact female rats but not in OVX female rats [63]. Female rodents consume less 

alcohol during proestrus and estrus phases of the estrous cycle than they do during diestrus 

and metestrus [64]. In contrast to the findings of estrous cycle phase effects on aversive 

effects of cocaine, there appears to be no effect of estrous cycle phase on the conditioned 

aversive responses to alcohol in female rats [63, 65]. Thus, estrous cycle phase effects on the 

motivation to use alcohol may be associated to a greater extent with the reinforcing effects 

of alcohol than attenuating the aversive effects of alcohol.

Opioids

Non-medical use of prescription opioids has increased substantially in the last 25 years and 

poses a significant clinical challenge to effective pain management [66]. Recent 

epidemiologic data indicate that women are more likely than men to experience chronic pain 

and the prevalence of prescription opioid misuse is increasing among women [67–69]. In 

addition, compared to opioid-dependent men, opioid-dependent women report greater 

craving, social impairment, medical and psychiatric dysfunction [70]. Despite these data few 

if any studies have examine ovarian hormone effects on opioid craving and drug-seeking 

behavior in women. Clinical studies have typically focused on the impact of menstrual cycle 

phase on the antinociceptive effects of opioids. One study found that the antinociceptive 

effects of fentanyl following laparoscopic surgery did not vary across the menstrual cycle 

[71]. A clinical laboratory study examined menstrual cycle phase effects on the magnitude 

of morphine or pentazocine analgesia in healthy women and in women taking oral 

contraceptives. Normally cycling women exhibited greater morphine analgesia for pain 

during the follicular phase than they did during the luteal phase of the menstrual cycle [72]. 

They found no effects of menstrual cycle phase on morphine analgesia in women taking oral 

contraceptives. In addition, there was no effect of menstrual cycle phase on responses to 

pentazocine in normally cycling women or in women taking oral contraceptives. Taken 

together these clinical data suggest that antinociceptive effects of opioids may be dependent 

upon the opioid and ovarian hormone status. Of note, clinical studies have collected 

hormone levels to confirm menstrual cycle phase, however direct measures of associations 

between estrogen and/or progesterone levels and responses to opioids have not been 

assessed. This could also explain the disparate findings among the existing clinical studies. 

Given the findings from clinical studies of endogenous ovarian hormone levels on responses 

to nicotine and stimulants [24, 43], future clinical studies exploring associations between 

ovarian hormones and responses to opioids are warranted.
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Preclinical studies have examined the effects of ovarian hormones on the reinforcing 

properties of opioids. One study found no effect of estrous cycle phase on the acquisition of 

heroin or morphine self-administration in intact female rodents [73]. Findings from other 

studies of opioid reinforcement in OVX female rats are conflicting. For example one study 

found no difference in the acquisition of heroin self-administration between OVX-VEH, 

OVX-E and OVX rodents treated with progesterone [74]. However another study found that 

OVX-E rodents acquired heroin self-administration faster than OVX-VEH rodents, 

suggesting that estrogen may enhance the reinforcing effects of heroin [75]. These disparate 

findings may be related to differences in doses, as Roth and colleagues suggested that 

smaller doses of heroin may have improved their ability to detect group differences in the 

reinforcing effects of heroin. Studies of progesterone on self-administration of smaller doses 

of heroin may provide additional insight into the role of ovarian hormones and opioid 

addiction. In addition, future studies examining estrogen and progesterone replacement o 

relapse in OVX rodents with a history of opioid self-administration may also be warranted.

Marijuana

There have been few clinical studies of the impact of ovarian hormones on marijuana use 

and behavior. Several studies of marijuana users have found no effect of menstrual cycle 

phase on either marijuana or alcohol use [76, 77]. In addition, there appears to be little effect 

of menstrual cycle phase on negative affect, arousal, mood and concentration in marijuana 

users [77, 78]. Given the increase in marijuana use in women over the past few decades, 

clearly more clinical studies of ovarian hormones on craving and drug withdrawal are 

warranted.

Unlike the lack of findings from clinical studies, preclinical studies report significant 

modulatory effects of ovarian hormones on responses to cannabinoid administration. For 

example, OVX female rodents exhibit attenuated cue- and drug-induced cannabinoid 

seeking behavior as compared to intact female rodents [79]. Preclinical data also suggest 

that ovarian hormones can impact the long-term effects of marijuana on cognitive 

performance. Specifically, one study compared measures of cognitive performance between 

groups of adult intact female rats and adult OVX rats that had received Δ9-THC during 

adolescence. The intact group of female rodents had lower response rates on measures of 

learning and performance as compared to OVX rodents [80]. The same study found 

significant changes in CB-1 receptor expression in the striatum and hippocampus that were 

dependent upon the presence of ovarian hormones. The presence of ovarian hormones also 

impacted the response to Δ9-THC as adults. These data are particularly interesting as Δ9-

THC increases pregnenolone levels in the brain through the CB-1 receptor. A recent study 

found pregnenolone attenuated the intoxicating effects of Δ9-THC suggesting that 

pregnenolone is an important component of a negative feedback system that attenuates 

rewarding effects of Δ9-THC [81]. Thus, exposure to Δ9-THC during adolescence may alter 

the sensitivity of CB-1 receptors to pregnenolone and thus play a role in cognitive deficits 

during adulthood [80, 82, 83].
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Conclusions and Future Directions

The goal of this review was to provide an overview of the effects of ovarian hormones on 

responses to drugs of abuse. The most consistent effects of estrogen and progesterone appear 

to be found in response to stimulant administration, with estrogen enhancing and 

progesterone attenuating positive subjective responses to cocaine and amphetamine. 

Moreover, high endogenous progesterone levels appear to attenuate responses to stress and 

drug-paired cues in cocaine-dependent women. Findings from studies of nicotine 

dependence support progesterone’s protective effects on drug seeking behavior. Cosgrove 

and colleagues’ data suggests that these effects may be independent of β2-nAChR receptors. 

The important work by Schiller and colleagues suggests that changes in ovarian hormone 

levels over time and/or the ratio of progesterone to estrogen may be better predictors of 

responses to drugs of abuse than absolute levels of estrogen or progesterone. Clinical data 

also support exogenous progesterone as an effective therapeutic for substance-dependent 

women. However, it is important to note that while most preclinical and clinical laboratory 

studies have found that progesterone attenuates the reinforcing effects of drugs, few if any 

studies have found that progesterone attenuates drug-self administration. Importantly, the 

gender gap in illicit drug use among adults and adolescents is narrowing [67]. To date, a 

significant knowledge gap remains in our understanding of the role of ovarian hormones in 

mediating drug-seeking behavior in marijuana-, alcohol- and opioid-dependent women. 

Adolescence is a critical period of structural and functional brain development, particularly 

within the executive control, reward and salience networks. More systematic investigation of 

ovarian hormones and drug reinforcement among adolescents are warranted. In addition, 

advances in human neuroimaging continue to provide critical insight into mechanisms that 

may underlie sex differences in the subjective effects of drugs and abuse as well as sex 

differences in pharmacotherapy. Neuroimaging studies with large sample sizes comparing 

adolescent, adult freely cycling and post-menopausal women to controls and in response to 

exogenous hormone administration across the menstrual cycle could advance our 

understanding of the mechanistic link between ovarian hormones and addiction. Moreover 

studies of glutamate and other important neurotransmitter/neuromodulators may be 

important for assessing the impact of ovarian hormones on drug withdrawal, relapse and 

craving in substance-dependent women.
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