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Research has shown that an increase of cortisol levels can increase drug use in both females and males. Recent studies have
focused on how sex differences play a role in addiction, and specifically how they could be affected by stress through the HPA
axis, a part of the endocrine system that plays a key role in our body’s response to stress. This literature review, using articles
sourced from Google Scholar and Pub Med, reviews how alcohol, tobacco, and the HPA axis are affected by sex differences
and stress. Studies were used based on relevance to HPA dysregulation, cortisol, and sex differences, with inclusion criteria
of peer-reviewed, randomized trials with both sexes. Overall, females had higher levels of cortisol after withdrawals from
alcohol and nicotine, which led to females relapsing faster than males, who had more stress when under the influence of the
drug. Hormones such as estrogen and progesterone also played a role. Women have a more sensitive HPA response when in
withdrawal, highlighting the necessity for hormone-based therapies which can be used to reduce stress-induced cravings. These
findings show a need for sex-specific treatments which can counteract addiction. Some overarching limitations of the existing
literature were a lack of longitudinal data and no distinguishment between females and males. Future research can include the

effect of opioids and other stimulants on the HPA, as well as the effect of age on stress levels.

Introduction

The hypothalamic-pituitary-adrenal axis, or HPA system,
plays an important role in regulating the body’s homeostasis
by using a cascade of signals in response to stress. Stress trig-
gers the release of corticotropin releasing factor (CRF), a hor-
mone that stimulates the anterior pituitary gland. This gland
then releases adrenocorticotropin hormone (ACTH), which
travels through the bloodstream to the adrenal cortex and in-
creases the rate of production for cortisolY. Repeated drug use
alters HPA axis function, which increases or decreases cor-
tisol levels based on substance type and context. This stress,
combined with the rewarding effects of drugs, reinforces drug-

seeking behavior and perpetuates repeated use.

Using animal models, researchers found that a dysfunc-
tional HPA response to stress is associated with an increased
rate in self-administering addictive-like substances. Re-
peated drug use also contributes to an unregulated cortisol pro-
duction. Chronic exposure to substances, such as cocaine and
alcohol, can overactivate the HPA axis and disrupt the body’s
homeostasis®. Individuals with alcohol dependence can also
create a blunted cortisol response to stress over time, reflect-
ing in a desensitized HPA®. These findings are significant be-
cause they show how HPA axis dysregulation can perpetuate a
cycle of addiction by impairing the body’s natural stress mech-
anisms. Results of this review can be used to better understand
relapse rates between sexes and how they can be prevented to

maintain sobriety.

Sex differences significantly change the HPA’s response to
stress and substance use, influencing heart rate and cortisol ex-
cretion significantly®. Estrogen and progesterone are two key
hormones to the female reproductive system and menstrual cy-
cle (Fig.[I). Depending on the phase of the menstrual cycle,
females can have different HPA sensitivity to drugs during the
withdrawal period”. Previous literature reviews focusing on
the HPA axis and stress have not investigated how sex differ-
ences play arole. It is important to research this because it can
help with our understanding of why some individuals may be
more vulnerable to relapse quicker than others. The present
literature review examines how sex differences play a role in
how the HPA Axis is being affected by drug use.

Methods

This literature review consists of peer-reviewed journals, pre-
clinical studies, and clinical studies. With Google Scholar
and PubMed the key words are HPA Axis, relapse, sex differ-
ences, various drug names, self-administration, cue-induced,
withdrawal, drug-seeking, reinstatement. Google Scholar and
PubMed were the primary database as it provided for a wide
range of articles that related to the biomedical sciences. Most
studies were from within the last twenty years were primarily
used with the oldest source discussing nicotine use, with fil-
ters for peer-reviewed articles. Older studies were included as
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Fig. 1 Sex differences in the effects of cortisol®®

they discussed core principals, which this research paper was
built upon, in depth. Almost thirty studies were selected for
use based on the relevance to HPA axis dysregulation, cortisol
responses, and sex differences in contexts of drug use. In-
clusion criteria contained randomized controlled trials, stud-
ies over longer periods of time, and recent publication dates.
Exclusion criteria were non-peer-reviewed sources, unrelated
topics, and studies that did not specify or include both sexes.
Over fifty articles with a variety of data were screened which
included research designs, preclinical and clinical findings,
and the result of cortisol and ACTH levels after a stimulus dur-
ing the experiment. The information was categorized into key
themes such as repeated use of alcohol and tobacco, relapse,
and HPA axis involvement. These groupings were then ana-
lyzed to identify overarching patterns and inform the review’s
conclusions.

Results

Alcohol

Acute alcohol consumption stimulates the HPA axis, increas-
ing ACTH and cortisol levels in both females and males, yet
the magnitude of these responses differ”. Studies show that
men exhibit a higher cortisol increase following alcohol in-
take when compared to women. However, chronic alcohol ex-
posure and withdrawal reveal a contrasting pattern: Women
have greater hyperactivity in the HPA axis during withdrawal,
with elevated cortisol levels reflecting greater stress sensitiv-
ity®. Women with longer alcohol use had an increased cortisol
awakening response (CAR) compared to moderate drinkers,
an indication of a dysregulated HPA axis as CAR measures
the rise in cortisol when waking up (Fig. [2)'?. This leads to
a chronic alcohol induced desensitization of the HPA axis that
makes females more vulnerable which can lead to cravings
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Fig. 2 ACTH and cortisol levels of men and women with an
adjusted hormone and control group. Main Sex Effect refers to

morning cortisol concentrations while Sex x Time is these
concentrations over time”

and relapse risk' . Adolescent rats who were exposed to so-
cial isolation stress, a type of chronic stress, had an increased
alcohol intake during adulthood, particularly females, which
indicated an increased vulnerability to self-administration of
alcohol because of an altered HPA axis during development2.

Tobacco/Nicotine

Nicotine, the primary component of tobacco, stimulates the
HPA axis and leads to significant increases in cortisol lev-
els'?. This response is more noticeable in chronic smokers,
suggesting that repeated nicotine use can sustain HPA axis hy-
peractivity’?"14, Compared to men, women exhibit a blunted
cortisol response to nicotine-induced stress, which increases
their reliance on it. This response is also accompanied with
lower ACTH levels, which correlated with a higher risk of re-
lapse'?. However, when conducting a preclinical study with
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the estrous cycle kept in mind, female rats had a greater ACTH
and corticosterone response to nicotine than males™>. For hu-
man males, high-nicotine cigarettes also increased ACTH sig-
nificantly which was later strongly correlated to an increase
of nicotine in the plasmal®. During early periods of cessa-
tion, men had cravings for nicotine earlier than women did, but
did not end up leading to relapse’”. In preclinical studies re-
searching behavior after chronic nicotine use, female rats had
the greatest effects with decreased feeding and body weight
and an increase in stress. Chronic use had little to no of the
same effects on males®.

Estrogen/progesterone

Estrogen and progesterone play important roles in changing
HPA activity, influencing stress-induced cortisol production
and susceptibility to drug use®. Estrogen enhances HPA
axis reactivity by increasing corticotropin-releasing hormone
(CRH) in the hypothalamus, leading to higher ACTH and cor-
tisol levels during stress, particularly in high-estrogen states,
like the follicular phase of the menstrual cycle (Fig. [3). This
response amplifies stress sensitivity, increasing drug-seeking
behavior?!, Progesterone however, shows the opposite effect
and is associated with decreased stress (Fig.[3). Previous stud-
ies have shown that high progesterone is associated with de-
creased drug cue-induced cravings, cue-induced anxiety, and
blood pressure?l. When testing if naltrexone, a medication
used to treat alcohol use disorder, has a different response
on the HPA axis in both sexes, results showed that it signif-
icantly increased ACTH and cortisol levels in women, espe-
cially when in a “high estrogen” phase of their menstrual cycle
(Fig.3), but not as much in men. A later analysis also showed
that smoking one cigarette led to ACTH increases when us-
ing naltrexone“?. Women with substance use disorders exhibit
higher cortisol levels during the follicular phase, where es-
trogen levels are the highest, correlating with increased drug-
seeking behavior compared to the luteal phase, when proges-
terone levels are higher (Fig. [3)23.

Relapse

The amount of cortisol produced by the HPA Axis is asso-
ciated with the ability for an addicted individual to stay in a
long-term treatment facility. The less cortisol produced, the
longer one can abstain from an addictive substance®. Addi-
tionally, heightened HPA activity during early abstinence pre-
dicts risk of relapsing. Higher cortisol levels to drug-related
cues and stress in those with substance use disorders are as-
sociated with more frequent cravings and a higher likelihood
of relapse within a couple weeks of initiating treatment*,
Women with cocaine dependence exhibited a blunted corti-
sol response and a more pronounced blunted ACTH response
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Fig. 3 Proposed cortisol levels over the menstrual cycle??.

when compared to men. This, which can be triggered by neg-
ative emotions or conflicts, can contribute to higher relapse
rates in females®. When researching if stress-induced or
drug cue-induced had the greater effect on cocaine cravings
after relapse, after 30 days of abstinence, stressed males were
more likely to have cocaine-induced cravings when compared
to non-stressed males. However, females had no differences
in results between the two, an outlier according to the current
literature”®. Other researchers found that stress-induced cues
had a greater effect on relapse time and the subsequent cor-
tisol responses predicted a greater cocaine use after 90 days.
Additionally, treatment centers that addressed stress-induced

cocaine cravings could improve relapse outcomes+.

Discussion

The HPA axis plays a critical role in substance use disorders
and significantly regulates stress responses. When these sub-
stances are abused, this system is dysregulated and can lead to
elevated levels of ACTH and cortisol, which can reinforce ad-
diction through reward pathways and stress. Chronic alcohol
and nicotine use, however, can result in a blunted HPA re-
sponse, which leads to tolerance towards the substance and an
increased chance of relapse. Sex differences can add to this,
with preclinical and clinical evidence showing that estrogen
and progesterone can change the HPA’s reactivity. Females
generally exhibit greater HPA sensitivity, especially during
periods of high-estrogen. Females were generally more neg-
atively affected from the HPA axis after periods of substance
use, particularly from alcohol and tobacco. During withdrawal
periods, females had a greater HPA response, alongside a
blunted cortisol response during specific stress tasks, such as
cue-induced scenarios, possibly because of an adaptive desen-
sitization from one’s hormonal fluctuations?>. This increased
both the rate and chance of relapse. Females were found to
have a higher base level of cortisol, which only increased with
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the use of drugs. With alcohol dependence, males had higher
levels of stress and stronger cortisol increases when compared
to females. This may have created tolerance and contribute to
the a lower relapse risk by decreasing their stress cues during
abstinence, despite males having a higher vulnerability dur-
ing use”. For chronic nicotine use, exposure sustained HPA
activation in females while females had a more pronounced
cortisol and ACTH response, which correlated with greater
substance dependence.

Hormonal factors also played a role in the HPA’s effect on
both sexes as estrogen levels lead to a release of CRH which
causes higher ACTH and stress levels. Progesterone, however,
causes an opposite reaction and is associated with stress and
drug-induced cravings. During the estrogen phase, women
had an increase in drug-seeking behaviors when compared to
progesterone, which decreased cue-induced anxiety and sub-
stance cravings. Understanding how these hormones affect
drug seeking behaviors in females, can help us further under-
stand why or how these sex differences are occurring. Despite
these findings, gaps remain in the literature, particularly due to
the limited exploration of other substances such as opioids or
stimulants. Additionally, age-related effects, especially during
adolescence and puberty, remain unexplored. Through this,
we could discover if hormones truly do play a role in stress
levels by comparing adolescents who have not gone through
puberty yet. Social factors further these biological differences
as societal stigma and gender norms have historically framed
addiction as a predominantly male issue. This has led men
to be more vocal and likely to seek help, while women may
internalize their struggles, face greater shame from their fam-
ilies and communities to get help, and use more substances
to cope®’. Some limitations that were present in the studies
were a few number of clinical trials and insufficient longi-
tudinal data, especially in studies on relapse. Many studies
also did not distinguish between male and female participants,
leading to no tracking of the menstrual cycle in females as a
variable. This would have been especially important in studies
on the hormonal effects on stress and when researching why
females and males have different relapse rates. As many of
the cited sources were conducted on animals, it is important to
recognize that the fundamental physiological and neurologi-
cal differences between animals and humans can contribute to
limitations in translating the results between species.

This research can be used to create personalized preven-
tion and relapse treatment that is sex-specific. If hormones
like estrogen and progesterone are influencing the HPA Axis
that deeply, then medications or treatments that specifically
target them would be more beneficial and effective than more
uniform treatments. For those with hormonal disorders or im-
balances, such as those with estrogen, progesterone, testos-
terone, or cortisol, they may show signs of amplified addic-
tion behaviors. These conditions can disrupt the HPA axis

function, increase stress sensitivity, and change reward path-
ways, creating an overall increased vulnerability to addic-
tion*. Further research can include the effect of opioids and
age on stress levels, particularly the role of puberty. Sex differ-
ences profoundly influence how alcohol and nicotine affect the
HPA axis, with females often showing greater vulnerability to
stress-related dysregulation and relapse. Currently in the liter-
ature, there is little research on the effect that sex-differences
have on relapse. In this review, some studies found a cor-
relation between sex-differences, drug use, and relapse while
other studies showed no clear relationship. Additionally, re-
search can be done to determine why these sex differences
exist through a biological and evolutionary lens and if that can
affect other stress-related disorders. Further studies need to be
conducted to understand how and if sex differences and stress
play a role in drug use. Using these findings, this literature re-
view highlights the need for a more personalized approach in
addiction management, ultimately breaking cycles of depen-
dence and increasing long-term sobriety.
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