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Abstract

Aim: This review examines how early life stress, particu-
larly during the prenatal and perinatal periods, impacts the neu-
roendocrine and immune systems, increasing the risk of sub-
stance use disorders (SUDs) across generations.

Methods: A synthesis of animal and human studies was
conducted, focusing on the effects of maternal stress, glucocor-
ticoid administration, and prenatal drug exposure on offspring.
The role of the hypothalamic-pituitary-adrenal (HPA) axis and
immune system was also explored.

Results: Evidence suggests that maternal stress and drug
exposure during pregnancy can biologically embed risks for
SUDs through alterations in HPA axis function and immune re-
sponses. Increased cortisol levels and gene expression changes
in offspring are observed, linking prenatal stress to heightened
susceptibility to addiction. Animal studies consistently show a
pattern of increased drug sensitivity and preference in those ex-
posed to prenatal stressors.

Conclusion: Understanding the biological mechanisms
by which early stressors contribute to addiction vulnerability
is crucial for developing effective prevention and intervention
strategies. Future research should further explore the interplay
between various stressors and their cumulative effects on neu-
robiological pathways related to substance abuse..

Key Words: Substance use disorders, prenatal stress — Neu-
roendocrine system — HPA axis — Addiction — Fetal
programming.

Introduction

SUBSTANCE abuse and addiction are major public
health concerns since almost 21 million adults in the
US suffer from a substance use disorder (SUD) (US
Department of Health and Human Services, Office
of the Surgeon General, 2016). Reducing the effects
of SUDs and addiction on people and communities
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requires an understanding of the underlying causes
of these conditions. Notably, stress in early child-
hood has been found to be a major risk factor for
alcohol and drug abuse (Enoch, 2011; Stone et al.,
2012). Thus, bettering preventative and treatment
strategies requires examining the neurobiological
pathways that connect early life stress with sub-
stance dependence.

Stress can have an impact on behaviors that put
health at risk even in the pre- and perinatal phases,
which include the time from implantation to preg-
nancy and the first six months of life. Due to its
rapid fetal brain development and increased bio-
logical plasticity, this phase is especially sensitive
to external stimuli (Lupien et al., 2009; Provencal
and Binder, 2015). There is clear evidence of a com-
plex cycle of intergenerational transmission, where
mothers who struggle with substance use are more
likely than mothers without such problems to expose
their children to similar stressors during the prenatal
and perinatal period. These mothers also frequently
have higher rates of childhood abuse, neglect, and
substance exposure. According to Cash and Wilke
(2003), this cycle raises the likelihood of substance
use disorders later in life. Translational neurosci-
ence has begun to shed light on how early adversi-
ties can become “biologically embedded,” with the
help of both animal and human research. This has
revealed the mechanistic pathways that link pre/per-
inatal stress to subsequent maladaptive outcomes,
like substance misuse (Miller et al., 2011). Crucial-
ly, it is thought that during the prenatal and perina-
tal phases, the neuroendocrine and immune systems
are critical in transmitting risks for addiction and
psychological disorders resulting from acute and
chronic stressors (Enoch, 2011; Koob and Le Moal,
2001; Mayes and Suchman, 2006). According to Ei-
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den et al. (2016), most current etiological theories
of substance abuse and addiction have not consid-
ered the early stages of development, when immu-
nological and endocrine processes may be the basis
for future susceptibility to addiction. A proposed
conceptual model demonstrates how immunologi-
cal and neuroendocrine pathways can increase the
susceptibility to addiction caused by prenatal and
perinatal stress. In order to demonstrate how stress
exposure during pregnancy and infancy affects neu-
roendocrine and immunological systems, which
raises the risk for substance abuse and addiction,
this study synthesizes data from studies conducted
on humans and animals. First, we review the litera-
ture on three main types of prenatal stress: stress
caused by the mother (which includes psychoso-
cial stress and psychopathology), stress created in
the lab by glucocorticoid administration, and stress
brought on by prenatal drug exposure. We include
evidence about the function of the hypothalamic-
pituitary-adrenal (HPA) axis in these topics. The
relationships between stress during pregnhancy and
the postpartum period, substance use in offspring,
and immune function are then examined. Relevant
animal research on immunological activation, viral
infections, and prenatal drug exposure is included,
as are human studies that establish a connection be-
tween stress, prenatal drug use, and inflammation.

We also touch on the importance of perinatal
HIV infection as a practical background for com-
prehending immune-related stresses and their pos-
sible influence on the vulnerability of offspring
to substance abuse. In each section, we begin by
examining the relationships between prenatal and
perinatal stressors and the likelihood of substance
dependence, and then we discuss the research on
the role of the immune system or the HPA axis in
these processes. Stressor types have been compiled
due to the paucity of material that has been written
about these subjects. Moreover, a thorough analysis
of all the literature on each chemical was outside
the purview of this work. We approach the problem
of intergenerational transmission of substance use
and addiction in this review from a translational
neuroscience perspective. According to Fisher and
Berkman (2015), this method promotes a nuanced
knowledge of the networks that link early devel-
opmental stress to lifetime substance dependence.
With a focus on prevention and intervention meas-
ures, translational neuroscience especially looks for
biological components that are both causative and
moderating (Fisher and Berkman, 2015). Such re-
search aims to shed light on the different effects of
early life stress on the distinct processes that confer
the risk of addiction while also investigating the in-
terplay between these mechanisms. We wrap up by

talking about the ramifications for addiction preven-
tion and intervention programs.

In conclusion, early life stress plays a pivotal
role in the development of substance use disorders,
with implications that span across generations. The
evidence indicates that stressors encountered dur-
ing the pre- and perinatal periods can biologically
embed risks through neuroendocrine and immune
pathways, ultimately influencing the likelihood of
substance abuse later in life. By understanding the
mechanisms linking early adversity to addiction vul-
nerability, researchers can better inform prevention
and treatment strategies aimed at mitigating these
risks. A translational neuroscience perspective high-
lights the importance of identifying the biological
factors involved in these processes, which may lead
to targeted interventions that address both individ-
ual and intergenerational impacts of stress. Future
research should continue to explore the interplay
between various types of stress and their effects on
the HPA axis and immune function, paving the way
for comprehensive approaches to addiction preven-
tion. Addressing these foundational issues will not
only enhance our understanding of addiction but
also contribute to the development of effective pub-
lic health strategies aimed at reducing the burden of
substance use disorders across populations.

Pathways to Substance Abuse:

Early Experiences, the HPA Axis, and High lev-
els of maternal stress and associated physiological
changes in the neuroendocrine and immune sys-
tems might impact the fetal environment due to the
semi-permeable nature of the placenta (Barrett et
al., 2017). Fetal programming is the term used to
describe this occurrence (Glover et al., 2010; Ka-
poor et al., 2008). Fetal programming may have
historically enabled advantageous adaptations, such
as resource saving in difficult circumstances, even
though it can have negative implications in modern
contexts (Seckl and Holmes, 2007). It is believed
that exposure to such programming may set chil-
dren up for a variety of physical and mental health
problems, including drug use disorders. Glucocor-
ticoids (GCs), particularly cortisol in humans, are
essential for HPA axis programming and play a piv-
otal role in the transition from fetal development to
adult diseases (Davis and Sandman, 2010). Because
of their wide-ranging effects on key regulatory sys-
tems, such as the immunological, gastrointestinal,
autonomic nervous, and neurological systems, GCs
have a particularly significant impact (McEwen,
2013). Research on animals indicates that GC path-
ways play a primary role in mediating the neuroen-
docrine and immunological responses to extreme
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stress (Lupien et al., 2009), whereas human studies
are still limited in scope.

In order to preserve homeostasis and control
the mobilization of biological resources in response
to acute stress, the neuroendocrine system is es-
sential. It works by causing the pituitary to release
more adrenocorticotropic hormone (ACTH), which
in turn causes the adrenal cortex to produce corti-
sol. This is accomplished by the release of hypo-
thalamic corticotrophin-releasing hormone (CRH).
According to de Weerth et al. (2003), infants who
are two months old show signs of a diurnal corti-
sol pattern, which is marked by lower cortisol lev-
els at night and a progressive increase during the
day. Between 12 and 24 months, a more noticeable
adult-like pattern with a peak soon after awakening
appears (Saridjan et al., 2010). These patterns may
also be indicative of transient increases in cortisol
brought on by acute stressors, which can include
both physical (like injuries) and psychosocial (like
scary or unpredictable circumstances) occurrences.
Since newborns rely on primary caregivers for basic
requirements like nutrition and security, separations
from them during infancy indicate acute psychoso-
cial stress (Gunnar and Donzella, 2002).

Although animal studies account for a large por-
tion of the research on prenatal and perinatal stress,
fetal HPA activity, and substance use, there is grow-
ing evidence from human studies as well. According
to research on animals, fetal programming from pre-
natal and perinatal stress exposure influences adult
behavior in three primary ways: learning impair-
ments, elevated anxiety and depressive symptoms,
and heightened susceptibility to substance abuse
(Lupien et al., 2009). Studies conducted on a range
of animal species, including rodents, guinea pigs,
and primates, have shown that a single or repeated
exposure to maternal stress raises the mother’s GC
levels. This, in turn, increases the fetal HPA activ-
ity through the placenta, as indicated by higher lev-
els of corticosterone in the offspring (Henry et al.,
1994; Kapoor and Matthews, 2005; Seckl, 2007).

Fetal Programming and the HPA Axis:

Given the effects of the growing fetal HPA
axis, the intrauterine environment, and maternal
HPA function, pregnancy is a particularly sensitive
time for the development of the HPA axis (Davis
and Sandman, 2010). According to the “fetal ori-
gins of adult disease” theory, a number of preva-
lent adult illnesses, including mental health issues
like substance use disorders and physical afflictions
like diabetes, have their roots in fetal development
(Hellemans et al., 2010). A positive feedback loop
happens during pregnancy when cortisol stimu-
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lates placental CRH production, leading to concur-
rent increases in CRH, ACTH, and cortisol levels
throughout gestation. This is in contrast to the nega-
tive feedback mechanisms that are normally found
in the brain and pituitary gland (King et al., 2001;
Wadhwa, 2005). During a typical gestation, mater-
nal cortisol levels can rise two to four times (Brown
et al., 1996), but too much cortisol can be harmful
to the developing fetus. The placental barrier is not
completely impermeable, especially during peri-
ods of prolonged or extreme maternal stress, which
can result in increased GC exposure for the fetus,
even if a placental barrier enzyme reduces fetal ex-
posure to maternal stress hormones (O’Donnell et
al., 2012). The developing blood-brain barrier in the
fetus makes it especially susceptible to this kind of
GC exposure (Wadhwa, 2005). We suggest three
possible mechanisms by which HPA axis function
and prenatal and perinatal stress may raise the risk
of substance abuse: postnatal stress exposure, pre-
natal exposure to drug usage by mothers, and prena-
tal exposure to stress and GCs in mothers.

Prenatal Stress Exposure, Substance Abuse
Risk, and the HPA Axis:

Prenatal Exposure to Maternal Stress:

Studies on Animals: Studies on Animals have
looked at a variety of prenatal and postnatal stress-
ors, such as feeding restriction, administering syn-
thetic glucocorticoids, using restraint methods,
separating mothers from their babies, and medica-
tion exposure. A variety of substances, including
amphetamines (Deminiére et al., 1992; Diaz et al.,
1995; Henry et al., 1995), MDMA (Morley-Fletcher
et al., 2004), ethanol (Biggio et al., 2018; Rodrigues
et al., 2012), opioids (Deroche et al., 1992, 1995;
Rodrigues et al., 2012), and cocaine (Kippin et al.,
2008; Pastor et al., 2018). Nevertheless, the precise
mechanism by which neuroendocrine activity caus-
es these effects has not been well studied. Remark-
ably, Deroche et al. (1992) showed that adrenalec-
tomy, which lowers corticosterone levels, prevented
amphetamine sensitivity in children whose mothers
had experienced stress. Further research is required
to elucidate the neuroendocrine systems involved.

Clinical Studies: There is a dearth of human
studies on the relationship between prenatal stress,
HPA axis function, and substance dependence later
in life. Depression and anxiety in expectant mothers
are the two main forms of stress that have been re-
searched. Offspring exposed to prenatal stress have
been shown to have altered GR gene expression and
HPA functioning (Sosnowski et al., 2018). For ex-
ample, regardless of postnatal mother mood, higher
methylation of the GR gene (NR3C1) and height-
ened cortisol responses in three-month-old new-
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borns were connected with maternal anxiety and
depression in the third trimester (Oberlander et al.,
2008). Furthermore, increased basal cortisol levels
in babies were predicted by weaker social support
and higher levels of maternal depressive symptoms
(Luecken et al., 2015). According to Stonawski et
al. (2018), school-aged children who were exposed
to maternal depression symptoms during pregnan-
cy showed altered NR3C1 gene methylation and
varied cortisol responses, suggesting that prenatal
stress may also have long-lasting effects on neu-
roendocrine functioning. Moreover, elevated corti-
sol reactivity in babies between the ages of 11 and
13 months was associated with prenatal exposure
to intimate partner abuse (Levendosky et al., 2016).
Future studies should look at the combined impact
of several prenatal and perinatal stresses on off-
spring sensitivity to substance abuse, since numer-
0ous stressors co-occur.

Summary: Research on animals strongly sug-
gests that exposure to stress during pregnancy in-
creases the risk of substance addiction in the off-
spring. More research is necessary to gain a fuller
understanding of these connections, even though
preliminary evidence points to neuroendocrine
systems as potential mediators of this relationship.
Significant correlations have been shown between
prenatal stress and altered cortisol levels and GR
gene methylation in offspring, even though there is
currently little evidence linking prenatal stress ex-
posure to future substance abuse risk via HPA-axis
activity in human studies.

Glucocorticoid Exposure During Pregnancy:

Prenatal corticosteroids, which are frequently
given to expectant mothers who are at risk of pre-
term delivery, may have short-term effects on HPA-
axis function by, for example, suppressing cortisol
responses to stress. This finding sheds light on the
impact of stress hormones on fetal development and
the likelihood of substance abuse in the future (De
Blasio et al., 2007; Waffarn and Davis, 2012). Van
Lieshout et al. (2015) discovered in a prospective
research that low birth weight survivors who were
exposed to antenatal corticosteroids had the high-
est risk for mental and drug use disorders, with the
risk increasing in direct proportion to the amount of
steroid exposure.

Exposure of Prenatal Substances:

One of the most severe types of prenatal stress
is drug exposure during pregnancy. According to
estimates, between 2.8% and 4.3% of pregnant
women in the US use illegal drugs (Lester et al.,
2004; Office of Applied Studies, 2005), compared
to over 12% who use tobacco (Ebrahim and Gfro-

erer, 2003). According to Birnbach et al. (2001),
these numbers are noticeably higher among women
who are poor and those who receive subpar prenatal
care. Remarkably, during and after pregnancy, pol-
ysubstance use is more common than single-drug
use (Birnbach et al., 2001; Ebrahim and Gfroerer,
2003). Fewer research have looked at the combined
effects of several prenatal drug exposures, despite
the fact that numerous animal studies have estab-
lished the effects of individual drugs on fetal de-
velopment. Studies on humans frequently account
for the use of other drugs or concentrate on users
of a single substance, which may restrict the gener-
alizability of the findings. Though research on the
impact of prenatal polysubstance use on offspring
outcomes is increasing (e.g., Nygaard et al., 2016),
there is still a dearth of information regarding its
potential as a predictor of subsequent drug use is-
sues. Furthermore, different chemicals affect neu-
robiological systems in different ways. According
to Ross et al. (2015), there is a notable similarity
between the neural systems impacted by substance
exposure during pregnancy, such as the dopamin-
ergic and serotonergic pathways, and dopamine is
elevated in the brain by all substances. However,
comprehending the developmental consequences
of polydrug use requires a comprehension of the
unique mechanisms of action for each substance
(Lester et al., 2004). Because prenatal exposure has
varying impacts on fetal development at different
stages, timing is also important. Other articles (For-
ray, 2016; Glantz and Chambers, 2006; Lester et
al., 2004) provide comprehensive evaluations that
address the varying effects of substance types and
time.

Animal Research: Several research on animals
have shown that drug exposure during pregnancy is
linked to a higher chance of substance abuse in the
future. Reviews of animal models show that drug
exposure during pregnancy increases the sensitivity
and liking for drugs in the offspring, similar to other
stress paradigms (Malanga and Kosofsky, 2003).
For instance, higher active lever response during
drug administration was indicative of increased re-
inforcing effects of cocaine in rats exposed to the
drug during pregnancy (Hecht et al., 1998; Keller et
al., 1996; Kippin et al., 2008). Moreover, adult rats’
increased self-administration of cocaine and heroin
was linked to prenatal morphine exposure (Ramsey
etal., 1993).

Clinical Studies: New research suggests that
substance exposure during pregnancy may be a
predictor of substance use in the offspring (Glantz
and Chambers, 2006; Lester and Lagasse, 2010).
Remarkable correlations have been shown between



Abrar A. Alsaif, et al.

prenatal exposure to alcohol and nicotine and child-
hood-onset substance use (Lester et al., 2004). The
literature on exposure to alcohol, cocaine, nicotine,
and cannabis during pregnancy is reviewed in this
section. Exposure to both nicotine and cannabis
during pregnancy has been associated with an in-
creased risk of developing a nicotine dependence as
well as a higher chance of teenage smoking (Kandel
et al., 1994; Kandel and Udry, 1999). (De Genna et
al., 2017). Moreover, almost 7,000 young people’
alcohol and cannabis use disorders were predicted
by prenatal nicotine use (Salom et al., 2016). In a
large longitudinal research, maternal smoking dur-
ing pregnancy has also been linked to an increased
risk of hospitalization for drug dependence in kids
(Brennan et al., 2002). Furthermore, there is a cor-
relation between the use of tobacco and cannabis
during pregnancy and the earlier initiation of can-
nabis and cigarette use in the offspring (Cornelius
et al., 2000; Porath and Fried, 2005).

Alcohol Exposure: Even after controlling for
prenatal nicotine exposure, familial alcohol prob-
lems, and other postnatal variables, longitudinal
studies have demonstrated a connection between
prenatal alcohol exposure and alcohol-related prob-
lems in 21-year-old kids (Baer et al., 2003). Accord-
ing to a different study, prenatal alcohol consump-
tion predicted a higher likelihood of alcohol-related
issues and psychiatric illnesses in 25-year-old kids
(Streissguth, 2007). Notably, research has shown
that prenatal alcohol exposure predicts teenage
drinking more accurately than family history of
alcohol use (Baer et al., 1998). Cocaine Exposure:
Corresponding to this, there is a higher chance of
teenage psychoactive substance use when exposed
to cocaine during pregnancy (Bennett et al., 2007;
Delaney-Black et al., 2011; Frank et al., 2011; Lest-
eretal., 2012; Min et al., 2014; Minnes et al., 2017;
Yip et al., 2016). According to one study, teenagers
who were exposed to cocaine during pregnancy had
a 2.8-fold increased risk of substance use-related
problems than their peers who were not exposed
(Min et al., 2014).

Clinical Studies on HPA-axis and Prenatal Sub-
stance Exposure:

Basal Cortisol: Since prenatal drug exposure
has been demonstrated to alter neuroendocrine
functioning, changes in the hypothalamic-pituitary-
adrenal (HPA) axis provide compelling evidence
as a probable causative factor. Generally, depend-
ing on the particular substance involved, prenatal
substance exposure is associated with higher basal
cortisol levels in babies. For example, compared to
control infants, newborns exposed to alcohol and
smoke during gestation had greater basal cortisol
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levels (Ramsay et al., 1996). Compared to control
children or those with lower prenatal exposure, chil-
dren aged 6-14 diagnosed with fetal alcohol spec-
trum disorders and who had substantial prenatal
alcohol exposure showed significantly higher levels
of cortisol in the afternoon and at bedtime (Keiver
et al., 2015). According to Jacobson et al. (1999),
13-month-old infants who consumed large amounts
of alcohol during pregnancy had higher baseline
cortisol levels; on the other hand, children who used
cocaine had lower basal levels.

Chronic stress and the ensuing changes in the
HPA axis have been proposed as a neurobiological
mechanism that causes the formation and persis-
tence of substance use disorders (SUDs) and addic-
tion, despite the fact that many research did not look
into substance use patterns among offspring (Sinha,
2008). This theory is supported by the finding that
HPA-axis functioning predicts substance misuse
susceptibility in populations exposed to drugs dur-
ing pregnancy. Research indicates that the discrep-
ancy between baseline cortisol levels at age 11 and
the parasympathetic nervous system’s ability to
support physiological regulation at age 3 may indi-
cate an earlier initiation of alcohol consumption in
adolescents exposed to drugs during pregnancy. In
females, higher executive dysfunction was linked to
discordance between respiratory sinus arrhythmia
(RSA) and cortisol (i.e., high RSA with low cortisol
or low RSA with high cortisol), which in turn pre-
dicted earlier onset of alcohol consumption. On the
other hand, only the combination of high cortisol
and low RSA in boys showed a similar trend, which
resulted in early onset of alcohol consumption and
higher executive dysfunction (Conradt et al., 2014).
These results highlight the need to investigate how
different physiological systems (such the autonomic
nervous system and HPA axis) interact with associ-
ated behavioral domains (like executive function)
in order to accurately predict substance abuse in
groups that are at risk.

Cortisol Reactivity: Cortisol reactivity has also
been studied in relation to prenatal substance expo-
sure; the results are influenced by various aspects,
including the type of substance exposure, age of as-
sessment, and stressor paradigm. In contrast to their
counterparts who had not been exposed to prenatal
drugs, children in foster care who had been mal-
treated between the ages of 9 and 12 showed low-
er levels of HPA reactivity in response to a social
stressor in a laboratory setting (Fisher et al., 2012).
Adolescents exposed to drugs during pregnancy
also showed reduced cortisol responsiveness to
task-related stress in comparison to a control group.
Crucially, cortisol responsiveness acted as a media-
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tor between drug experimentation and prenatal drug
exposure; adolescents who exhibited a blunted cor-
tisol response were more likely to experiment with
drugs (Buckingham-Howes et al., 2016).

On the other hand, significant alcohol exposure
during pregnancy has been associated with elevated
cortisol levels in 13-month-old infants after stress
(i.e., after a blood draw) (Jacobson et al., 1999).
Furthermore, after a “still face” method that evalu-
ates stress control, babies aged 5-7 months who had
prenatal alcohol exposure showed increased corti-
sol reactivity (Haley et al., 2006). Both in 7-month-
old infants following an arm-restraint paradigm
(Schuetze et al., 2008) and in 1-month-old infants
following a neurobehavioral assessment (Stroud et
al., 2014), cigarette smoking during pregnancy was
connected with increased peak cortisol reactivity.
This relationship may be influenced by child sex;
a study by Eiden et al. (2015) found a link between
prenatal tobacco exposure and decreased cortisol
reactivity, but only in male newborns. To fully un-
derstand the complex link between prenatal alcohol
and tobacco exposure and infant cortisol reactivity,
more study is necessary.

Research on cocaine use during pregnancy has
yielded mixed results. According to one study, ba-
bies exposed to cocaine during pregnancy showed
reduced cortisol levels during two stressor scenar-
ios: a “invasive” heel-stick procedure and a “non-
invasive” neurobehavioral evaluation (Magnano
et al., 1992). On the other hand, opposing data has
surfaced, demonstrating that children exposed to
cocaine during pregnancy showed increased corti-
sol reactivity in response to an emotional arousal
stress paradigm (Eiden et al., 2009). When children
were 11 years old and had been exposed to cocaine
during pregnancy, their chances of displaying an
increased cortisol reaction to stressors were lower.
Moreover, the HPA axis response was most marked-
ly reduced in those who had experienced domestic
violence, indicating that neuroendocrine function-
ing may be profoundly impacted by early trauma
in conjunction with prenatal substance exposure
(Lester et al., 2010). According to Chaplin et al.
(2015), a longitudinal study including low-income
adolescents between the ages of 14 and 17 revealed
that youth who had been exposed to cocaine during
pregnancy showed a lower cortisol response to a so-
cial stressor than the control group. Interestingly, at
a 6-12 month follow-up, additional biobehavioral
markers, such as sorrow in girls and lower sympa-
thetic nervous system reactivity in males, were in-
dicative of substance use, despite cortisol reactivity
not being predictive of later substance use (Chaplin
etal., 2015).

The contradictory findings reported in the lit-
erature could be attributed to factors including the
age of the children, the particular stress paradigm
applied, and differences in drug exposure. Remark-
ably, a study conducted on children exposed to
drugs during pregnancy discovered a correlation
between drug experimentation and reduced HPA-
axis response to stressors (Buckingham-Howes et
al., 2016). According to some theories, long-term
stress first triggers hyperactivity in the HPA axis,
which may then lead to the neuroendocrine system
being downregulated (Miller et al., 2007). This sup-
pression in response to long-term stress may pro-
tect against overexposure to cortisol, but it may also
have wide-ranging effects on metabolism and regu-
lation, including significant correlations with sub-
stance abuse and psychopathology (Koob and Le
Moal, 2001; Miller et al., 2007). Moreover, during
the first five years of life, the HPA axis experiences
substantial prenatal and postnatal developmental al-
terations (Glover, O’Connor, & O’Connell, 2010).
Thus, different stressor exposure and neuroendo-
crine adaption times may account for the observed
inconsistent results (Roos et al., in press). Overall,
research has begun to provide light on how neu-
roendocrine functioning after prenatal and perina-
tal stress may increase susceptibility to substance
misuse; however, further studies are need to fully
understand these pathways.

All things considered, a substantial body of
research from both animal and human studies has
established a strong correlation between prenatal
drug exposure—a major stressor—and changes
in the HPA-axis’ functionality, as well as ensu-
ing problems with substance dependence. Prenatal
drug exposure in animal models is always associ-
ated with offspring that are more sensitive to and
prefer drugs. Many studies conducted on humans
have shown that exposure to drugs and alcohol dur-
ing pregnancy predicts future drug and alcohol us-
age in kids. The relationship between prenatal drug
exposure and higher basal cortisol levels has been
further supported by clinical research. Although the
exact path from prenatal drug exposure to substance
abuse through elevated basal cortisol levels has
not been thoroughly studied, Conradt et al. (2014)
showed that among adolescents who were drug ex-
posed during pregnancy, an early onset of alcohol
use was predicted by a discrepancy between base-
line cortisol levels and parasympathetic nervous
system functioning. Numerous investigations have
also looked into the potential predictive value of
prenatal drug exposure on the cortisol responsive-
ness of offspring. The results have been conflict-
ing, suggesting that cortisol sensitivity to stressors
may be both increased and dulled. In order to fully
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comprehend the connections between fetal drug ex-
posure and the risk of substance dependence, more
study is required, with a focus on the HPA axis.

Crucially, by simultaneously activating several
stress response systems, persistent stress may fur-
ther increase susceptibility to drug misuse. It has
been suggested that by changing the reward circuit-
ry, co-activation of the dopaminergic and HPA axis
enhances the rewarding qualities of drugs (Piazza
and Le Moal, 1998). An interplay between HPA-
axis and dopaminergic functioning is suggested by
established associations between neuroendocrine
markers (e.g., cortisol) and dopamine release within
mesolimbic pathways (Sinha, 2008). It will be nec-
essary to do longitudinal research in the future to
examine how neuroendocrine changes and associ-
ated stress systems influence the pathways that lead
to substance abuse and addiction. The complex, and
possibly sex-specific, relationships between prena-
tal and perinatal experiences in terms of stress sys-
tems, neural mechanisms, and behavioral outcomes
highlight the need for additional longitudinal stud-
ies using a variety of measurement approaches to
improve our understanding of the developmental
paths of children who are more likely to become ad-
dicted in the future (Roos et al., in press).

Postnatal Stress Exposure, HPA Axis, and Sub-
stance Abuse Vulnerability:

Animal Studies: Maternal separation paradigms
are frequently employed to investigate postnatal
stress and its effects on offspring development,
particularly concerning neglect during the postpar-
tum period. Given that newborns depend entirely
on maternal care for survival, prolonged maternal
absence results in behavioral and biological indica-
tors of distress across rodent, primate, and human
studies (Lupien et al., 2009). Research in rodents
reveals that maternal separation correlates with an
increased propensity for ethanol consumption and
preference in adult rats, particularly among males
(Nylander and Roman, 2013).

A rodent study examining postnatal maternal
separation found that affected offspring exhibited
heightened vulnerability to ethanol consumption
during adolescence, alongside enhanced expression
of genes linked to HPA axis functionality (de Almei-
da Magalhées et al., 2017). Another study indicated
that maternally separated offspring displayed a pro-
nounced preference for ethanol and elevated lev-
els of adrenocorticotropic hormone (ACTH) and
corticosterone in response to a laboratory stressor,
with ethanol consumption correlating to the stress
response (Huot et al., 2001). Notably, studies com-
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bining prenatal stress and drug exposure have dem-
onstrated their dual impact on development; for
instance, one rodent study found that gestational
ethanol exposure paired with maternal separation
predicted increased anxiety, whereas maternal sepa-
ration alone heightened ethanol preference (Big-
gio et al., 2018). Rodents subjected only to prena-
tal ethanol exposure did not exhibit this increased
preference (Biggio et al., 2018). Overall, maternal
separation is recognized as a significant risk factor
for substance use in animal models, offering theo-
retical insights into the effects of postnatal stress on
the development of alcohol and drug preferences in
offspring (as reviewed in Moffett et al., 2007).

Clinical Studies: Human studies have begun to
expand on the findings from animal research. Evi-
dence indicates that mothers facing prenatal stress
are at an elevated risk for substance abuse during
and after pregnancy (Barnet et al., 1995; Kingston
et al., 2016; Zambrana et al., 1997). Similar to pre-
natal stress, research has yielded mixed outcomes
regarding the effects of postnatal stress on infant
cortisol reactivity. For instance, one study found
that infants of postnatally depressed mothers exhib-
ited greater negative emotionality, less mature regu-
latory behaviors in response to fear, and heightened
cortisol reactivity compared to controls (Feldman et
al., 2009). Conversely, other studies have reported
hyperactivity of infant cortisol in response to stress-
ors, such as a finding linking maternal child abuse to
lower baseline cortisol levels during stress (Brand
et al., 2010). Further research is necessary to clarify
the impact of postnatal stress on neuroendocrine
functioning in infants and to investigate associations
between postnatal stress, neuroendocrine regula-
tion, and addiction susceptibility. Limited research
has specifically explored the connections between
postnatal substance use and offspring substance
abuse risk. However, this area is crucial, given that
many women successfully reduce alcohol and drug
use during pregnancy but often relapse postpartum
(Forray and Foster, 2015). Postnatal substance use
represents a significant form of early life stress, as
children of mothers with substance use issues fre-
guently encounter additional stressors, such as poor
nutrition. Moreover, mothers may face an increased
risk of disrupted caregiving and dysfunctional at-
tachment (as reviewed in Forray and Foster, 2015).
One study demonstrated that both prenatal and post-
natal cocaine use were uniquely associated with ad-
olescent cocaine use (Delaney-Black et al., 2011).

Summary: Predominantly, animal studies have
utilized maternal separation paradigms to examine
postnatal stress and its effects on neuroendocrine
functioning and offspring susceptibility to sub-
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stance misuse. These studies indicate that offspring
exhibit stronger preferences and higher rates of eth-
anol consumption, with preliminary links to altered
HPA-axis functioning, including increased ACTH
and corticosterone levels associated with ethanol
use in maternally separated offspring. Furthermore,
animal research has started to explore the interac-
tive effects of prenatal substance exposure and post-
natal stress (e.g., Biggio et al., 2018). Given that
most children experience multiple stressors, such
investigations are critical, warranting further study
on the compounded effects of prenatal and postnatal
stress and substance exposure. In humans, postnatal
stress, including maternal depression, has been as-
sociated with both hypo- and hyper-cortisol reactiv-
ity. More research is needed to determine whether
these alterations in infant neuroendocrine function-
ing predict future substance abuse.

Early Experiences, the Immune System, and Sub-
stance Abuse:

Historically, pregnancy has been viewed as a
continuously immune-suppressed state (Mor et al.,
2017; Wadhwa et al., 2001). However, emerging
evidence suggests that the immune response dur-
ing pregnancy is multifaceted and dynamic, char-
acterized by periods of suppression and elevation,
highlighting a critical interaction between fetal cells
and maternal immune responses (Jennewein et al.,
2017). During embryo implantation, trophoblast
cells invade the uterine lining, initiating the forma-
tion of the placenta and triggering an inflammatory
cascade (Mor et al., 2017). This inflammatory re-
sponse is essential for successful implantation, with
a pro-inflammatory state predominating in the first
trimester (Mor et al., 2017). The subsequent 15
weeks, characterized by rapid fetal growth, can lead
to complications such as miscarriage and preterm
birth if hyper-inflammation occurs, during which
the mother, placenta, and fetus experience immuno-
suppression (Mor et al., 2017; Romero et al., 2007).
Toward the end of pregnancy, the immune response
shifts to a pro-inflammatory state during labor and
delivery (Mor et al., 2017). Notably, maternal anti-
bodies are transferred to the fetus through the pla-
centa in the first and second trimesters and through
breast milk postpartum, contributing to the infant’s
passive immunity and modulating immune respons-
es (Jennewein et al., 2017).

HPA Axis and the Immune System:

The interplay between the HPA axis and the im-
mune system is significant during pregnancy. Glu-
cocorticoids influence various immune cell func-
tions, including activation, differentiation, growth,
and apoptosis (Dhabhar and McEwen, 2001; Op-

pong and Cato, 2015). An emerging research focus
is how prenatal stress may disrupt the placental
transfer of maternal antibodies, potentially height-
ening the risk for dysregulated immune functioning
in offspring, with glucocorticoids (GCs) possibly
mediating this disruption. Elevated maternal GCs
can modify placental function, a key site of immune
interaction between mother and fetus (Merlot et al.,
2008). In primate studies, chronic social stress has
been shown to significantly impact antibody levels
in both mothers and neonates, resulting in male off-
spring with lower immunoglobulin G (1gG) levels
and female offspring with elevated IgG levels (Coe
and Crispen, 2000). While GCs are posited as me-
diators in the relationship between prenatal stress
and immune functioning, research findings on this
topic remain mixed (Merlot et al., 2008). It is likely
that GCs, alongside other mediators, play a role in
the effects of prenatal stress on immune regulation
(Merlot et al., 2008).

Conclusion:

Early life stress, particularly during prenatal and
perinatal phases, significantly influences the devel-
opment of substance use disorders (SUDs) through
biological mechanisms involving the neuroendo-
crine and immune systems. Stressors encountered
during these critical periods can alter the function-
ing of the hypothalamic-pituitary-adrenal (HPA)
axis and lead to neurobiological changes that pre-
dispose individuals to future substance misuse. The
research highlights the importance of understanding
how maternal stress, including psychosocial factors
and drug exposure, can create intergenerational pat-
terns of vulnerability to addiction. Notably, mater-
nal glucocorticoid levels during pregnancy play a
crucial role in fetal programming, affecting gene
expression and stress reactivity in offspring, thus
linking prenatal adversity with increased likelihood
of SUDs. Animal studies corroborate these findings,
demonstrating that stress exposure alters sensitivity
and preference for addictive substances in later life.
The implications for prevention and intervention
are profound. By elucidating the pathways through
which early stress impacts addiction risk, targeted
strategies can be developed to mitigate these effects,
particularly in at-risk populations. This translation-
al neuroscience approach not only informs clinical
practices but also highlights the need for compre-
hensive public health initiatives aimed at reduc-
ing the incidence of SUDs through early interven-
tions. Further research is warranted to explore the
complex interactions among various stressors and
their long-term impacts on addiction susceptibility,
thereby enhancing our understanding and treatment
of substance use disorders.
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