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Abstract
Purpose of Review We aimed to conduct a systematic review of studies exploring the relationship between prenatal alcohol
exposure (PAE) and hypothalamic-pituitary-adrenal (HPA) axis functioning in the offspring in humans.
Recent Findings Animal studies have demonstrated that PAE has long-term consequences in HPA axis activity in the offspring.
Fewer studies have been conducted in humans.
Summary Our systematic review identified 9 studies including infants/toddlers (n = 6) and children/adolescents (n = 3). Cortisol
responses to stress were only studied in infants/toddlers (3 studies: painful stressors; 3 studies: social stressors). In infants/
toddlers, PAE seems to be associated with a blunted response to painful stressors whereas an enhanced cortisol response to
social stress is observed (only in boys). In children/adolescents, the normal cortisol circadian rhythm is altered in PAE partic-
ipants with a FASD diagnosis, who show increased evening cortisol levels. These findings support the programming effects of
alcohol on the HPA stress system.
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Introduction

The developmental origins of disease or fetal programming
model predicts that early exposures to a variety of adverse
events and signals have life-long consequences for physical
and mental health. Programming refers to the effects of an
environmental signal acting during a sensitive developmental

period to influence the development of specific physiological
systems [1, 2•, 3]. The hypothalamic-pituitary-adrenal (HPA)
axis is an extremely sensitive physiological system whose
activation, with the consequent release of adrenocorticotropic
hormone (ACTH) from the pituitary gland and glucocorti-
coids (corticosterone in rodents and mainly cortisol in
humans) from the adrenal gland, is triggered by a wide range
of psychological experiences and physiological perturbations
(stressors) [4]. During fetal life, the HPA axis is developing
and therefore susceptible to prenatal programming influences
[1]. Exposure to stressors during the prenatal and early post-
natal periods (early life stress) is a key factor that can induce
long-term effects on offspring health through changes in glu-
cocorticoid action and metabolism [2•].

In non-stressful conditions, a marked circadian rhythm in
circulating levels of glucocorticoids is observed in most mam-
mals, with higher levels during the period of activity, irrespec-
tive of whether they are diurnal or nocturnal animals: higher
corticosterone levels are found in the rat in the evening, whereas
in humans higher cortisol levels are found in the morning, just
after waking [4]. Eighty to 90% of serum cortisol is bound to
corticosteroid-binding globulin (CBG), approximately 5 to 10%
is bound to albumin, and only 5% is unbound [5]. Salivary
cortisol is gaining interest in Psychoneurondocrinology as it is
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non-invasive and directly reflects the biologically active serum
unbound cortisol level, in contrast to total plasma cortisol, which
requires to know CBG levels to infer its biological impact [5].

Prenatal alcohol exposure (PAE) is a public health concern
due to direct ethanol effects on the brain (and body) of the fetus,
causing fetal alcohol spectrum disorder (FASD) in the off-
spring [6•]. The global prevalence of alcohol use during preg-
nancy is estimated to be 10% and causes FASD in 0.77% of the
global population and 2.0–5.0% in Europe and North America
[7, 8]. FASD is a serious public health problem associated with
high economic burden, with the mean estimated annual per-
person costs of care being $24,308 for adults and $22,810 per
child [9]. Moreover, exposure to alcohol during the prenatal or
early postnatal periods also constitutes an early insult to the
organism [10] that might produce long-lasting physiological
and behavioral consequences in the offspring [3].Mental health
consequences of PAE include an increased risk of ADHD,
intellectual disability, anxiety, depression, and conduct prob-
lems [11–13]. PAE can induce direct changes in the fetus as
well as indirect changes by altering maternal endocrine func-
tion, all these changes resulting in early life programming of the
HPA axis, which has been well studied in animal models [1].

In rodents, the regular consumption of high doses of etha-
nol during pregnancy not only raises the set point of HPA
function in the mother by increasing both basal and stress
levels of corticosterone but may also result in HPA hyper-
responsiveness to stressors in the offspring [3]. After weaning,
ethanol-exposed animals show higher baseline corticosterone
levels, increased HPA responsiveness to stressors and/or de-
layed post-stress recovery of baseline levels compared to con-
trols [10]. However, some sex differences in this program-
ming effect of PAE have been observed, which may also vary
depending on the nature of the stressor, the time course, and
the endocrine end-point measured [3].

Stress and disturbances of the HPA axis are thought to
contribute to negative mental health consequences including
a greater risk of depression [14], impulsivity and risky
decision-making behavior [15], and alcohol use disorders
[16]. Therefore, it could be speculated that PAE contributes
to the risk of addiction behaviors and alcohol use problems by
programming effects on the HPA axis.

The main aim of our study was to conduct a systematic
review on the effects of PAE on the HPA axis activity of the
human offspring. We aimed to study both baseline and re-
sponsiveness measures.

Methods

Search Strategy

A systematic search was performed using PubMed (Medline),
Scopus and PsycInfo (until June 2020). The Preferred

Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines were followed [17]. The following
search terms were used: (alcohol OR ethanol) AND (pregnan-
cy OR prenatal OR fetus OR fetal) AND (cortisol OR corti-
costerone OR corticotrop* OR ACTH OR HPA OR hypotha-
lamic-pituitary-adrenal).

Inclusion and Exclusion Criteria

Studies were only included if they met the following hierar-
chical inclusion criteria: (1) cross-sectional or longitudinal
(observational or experimental) studies conducted in humans
that included information of alcohol exposure during pregnan-
cy; (2) measurement of at least one HPA axis hormone in the
offspring; (3) written in English or Spanish; (4) studies pub-
lished between 1980 and June 2020.

The exclusion criteria were (1) other designs (case reports,
systematic reviews), (2) lack of a control group (non-exposure
or low alcohol exposure); (3) animal studies; (4) languages
other than English or Spanish.

Data Collection and Extraction

The literature search, data collection, and extraction were con-
ducted independently by two authors. Disagreements were
solved by consensus. From the selected articles, we excluded
those that did not meet our inclusion criteria or that met our
exclusion criteria. Additionally, this systematic computerized
search was completed by hand-checking studies through ref-
erences of included studies and review articles on prenatal
alcohol exposure and cortisol activity. The last search was
conducted in June 2020.

Data Synthesis

A narrative synthesis of the included studies was performed.
Studies will be grouped by ages of participants (infants/tod-
dlers vs children/adolescents).

Results

A total of 1331 studies were identified, 764 in PubMed, 428 in
Scopus, 158 in PsycINFO, and 1 through another source (hand-
checking studies through references). After the removal of du-
plicates, titles that clearly did not include our study purpose
were also removed. A total of 188 abstracts were retrieved for
further scrutiny. Finally, 9 articles met our inclusion criteria and
were included in this systematic review (Fig. 1).

The age of the participants differed between studies. Six out
of 9 studies included infants or toddlers (from 3 days to
19 months), whereas 3 studies included children and adoles-
cents (between 5 and 18 years old). All studies including infants
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or toddlers reported both baseline and reactivity cortisol mea-
sures, whereas in the studies with children and adolescents only
baseline HPA axis measures were reported. In all studies, cor-
tisol levels were measured in saliva (Table 1).

Studies Including Infants or Toddlers

The evaluation of alcohol consumption was retrospective in
the studies by Ramsay et al. [18], Ouellet-Morin et al. [22•],
and Jirikowic et al. [23] and prospective in the studies by
Jacobson et al. [19], Haley et al. [20•], and Oberlander et al.
[21]. As it can be seen in Table 1, the definitions of PAE differ
between studies, which might use different cut-offs or instru-
ments for defining alcohol exposure.

Three studies did not find significant differences in baseline
cortisol in PAE subjects [18, 20•, 21], two studies reported higher
cortisol levels in those infants with greater alcohol exposure [19,
23], while one study reported lower baseline cortisol in boys but

not girls with PAE [22•]. In a recent study by Sarkar et al. [24•],
both salivary ACTH and cortisol measures were determined in
baseline conditions in themorning and evening. PAE children had
a trend to higher ACTH levels in the morning and significantly
higher levels in the evening, whereas cortisol levels were signifi-
cantly higher at both times. No sex differences were evident.

The type of stressors also differed from studies. Three studies
considered painful stressors such as routine inoculation [18], blood
draw [19], or heel lance [21]. Three studies considered emotional
stressors that include social interactions with the mother such as
the still-face paradigm [20•, 23] or the unfamiliar situation [22•]. In
these last two social stress experiments, the methodological ap-
proach was similar. First, there is a stage where the mother and
child interact. Second, a stressful situation occurs:mother stopping
the play and showing a still face (still-face paradigm); the appear-
ance of a strange element in the room (clownwoman, noisy robot)
in the unfamiliar situation paradigm. This stressful situation is
followed by a lack of interaction between the mother and child.
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Finally, there is a recovery stage with the mother and child
returning to the normal interaction. It is also important to note that
the duration of the stressor is shorter for painful stressors (seconds)
than for emotional stressors (2–4 min), depending on the proce-
dure. Most procedures including emotional stressors last about
15–20 min.

In relation to cortisol response to painful stimuli, a blunted
cortisol response was observed in babies exposed to heel lance at
3 days of age [21] or routine inoculation at 2 months of age [18].
However, in the latter study alcohol-exposed showed higher
baseline pre-stress levels of cortisol, and it is unclear whether
altered pre-stress levels could have interfered with the response
to the stressor. Any group difference was significant at 6months.
In another study, no cortisol response to blood withdrawal was
observed in 1-year-old infants of mothers with differential PAE,
but higher baseline levels were observed when heavy versus low
alcohol exposure groups were considered [19].

Two studies have analyzed potential sex differences in cortisol
reactivity. Both reported a greater cortisol response in exposed
versus non-exposed boys [20•, 22•]. However, in girls, no differ-
ences were found between exposed and non-exposed in one study
[22•], whereas a blunted response in exposed girls was reported in
another study [20•]. A final study did not assess potential sex
differences, although includedmostly female exposed participants

(67%), and observed higher baseline cortisol levels in the PAE
group, but a decrease during the still-face test, in contrast to the
lack of changes in controls [23].

It appears that PAE increased baseline cortisol levels in
infants, whereas it is unclear how the response to stressors is
altered, mainly because the procedures elicited, if any, a mild
cortisol response that can be confounded with the normal cir-
cadian rhythm. It cannot be ruled out higher pre-stress levels
could interfere with the subsequent response to the acute
stressor, particularly when the stressor is of low intensity.

Studies Including Children and Adolescents

Two studies included children and adolescents between 5 and
18 years old and retrospectively assessed PAE (Table 2). In
the study by Keiver et al. [25], children with FASD partici-
pated in an 8-week motor skill development program with
samples taken before and after the program. No influence of
the program was found, but FASD children tended to show
lower cortisol levels in the morning, but significantly higher
levels in the afternoon and bedtime, and the effect appears to
be restricted to those with higher levels of alcohol exposure.
McLachlan et al. [26] studied a sample of PAE that included
some subjects with FASD, and also evaluated early life

Table 1 Summary of the studies that included infants or toddlers in the systematic review

Reference Sample Age
(offspring)

Alcohol exposure Baseline cortisol Stressor Post-stress
cortisol (min)

Cortisol response

Ramsay et al.
1996 [18]

N = 26
15 G
11 B

2–6 mo EXP vs NEXP Salivary cortisol at the
clinic

NSD

Routine
inocula-
tion

20 2 mo: NEXP>EXP
6 mo: NSD

Jacobson et al.
1999 [19]

N = 83
39 G
44 B

13 mo EXP: > 0.5 oz
AA/day

NEXP: < 0.5 oz
AA/day

Salivary cortisol at the
clinic (before blood
draw)

NEXP<EXP

Blood
draw

30 NSD as continuous measures
↑ post-stress cortisol levels in

heavy alcohol exposure

Haley et al. 2006
[20•]

N = 55
21 G
34 B

5–7 mo EXP:
> 2 days/week

NEXP:
1–2 days/week

Salivary cortisol either at
home or at the clinic

Not significant differences
between groups

Still-face 20 and 30 Boys: NEXP<EXP
Girls: NEXP>EXP

Oberlander et al.
2010 [21]

N = 28
15 G
13 B

3 days EXP: > 1 oz
AA/day

NEXP: < 0.5 oz
AA/day

Salivary cortisol at the
clinic

Not significant differences
between groups

Heel lance 20 and 40 NEXP>EXP

Ouellet-Morin
et al. 2011
[22•]

N = 130
60 G
70 B

19 mo EXP:
un-interrupted
PAE

NEXP: sporadic
and
non-exposed

Salivary cortisol at the
clinic

Boys: No differences
Girls: NEXP>EXP

Unfamiliar
situation

20 Boys: NEXP<EXP
Girls: NSD

Jirikowic et al.
2016 [23]

N = 18
10 G
8 B

6–15 mo EXP: F-BAS
binge ≥ 4 or

F-BAS daily ≥ 24
NEXP: No/low

exposure

Salivary cortisol at the
clinic

NEXP<EXP

Still-face 15 and 30 EXP: greater decrease in
cortisol after stressor

G girls, B boys, mo months, EXP exposed, NEXP non-exposed, AA absolute alcohol, F-BAS Frequency-Binge Aggregate Score, NSD non-significant
differences
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adversity (ELA). As ELA was extremely frequent in PAE but
not control group, they in fact studied the impact of PAE +
ELA, showing a flattened slope from morning to evening
levels of cortisol in the latter group, with a trend to lower
levels in the morning and higher levels in the evening, in line
with the previous study. Medication was also associated with
lower morning cortisol concentrations.

Discussion

Our systematic review reveals that data are scarce and some-
how contradictory, but nevertheless suggests that PAEmay be
associated with subtle abnormalities in HPA axis activity. In
infants and toddlers, PAE seems to be associated with a
blunted response to physical stressors whereas an enhanced
cortisol response to social stress is detected in boys. In chil-
dren and adolescents, an altered cortisol diurnal rhythm is
observed in PAE participants with a FASD diagnosis, who
show increased evening cortisol levels. All these findings
are in accordance with the extensive evidence in animal
models supporting the programming effects of alcohol on
the HPA axis [27].

Although the included studies compared PAE vs non-
exposed or low-exposed offspring, it is important to under-
score that groups might also differ in other clinical variables
(e.g., genetic vulnerability, comorbid use of other substances,
psychopathology of the mother, malnutrition, and early post-
natal stress) that might have an influence on HPA axis func-
tioning. Tobacco use by mothers was present in most of the
included studies. Some studies did not include the comorbid
use of other substances during pregnancy [18, 20•, 25], or
such data were not included in the statistical analysis [21,
23]. In one study, the criterion was to consume either alcohol,

tobacco, or both [18]), and in the remaining work, the impact
of consuming cocaine was also evaluated. In one study [19],
reduced baseline cortisol levels were found in the offspring of
mothers who were heavy cocaine users. A previous meta-
analysis that compared the effect sizes of different prenatal
adversities (stressful life events, alcohol, smoking, and other
drugs) on the child cortisol secretion suggests a greater effect
size for PAE [28].

A limitation of the works included in our systematic review
is that other factors such as maternal malnutrition, which is
closely linked to high levels of alcohol consumption, were not
controlled. Animal studies point out that prenatal maternal
malnutrition per se alters the activity of the HPA axis of the
offspring under both baseline and stress conditions [29].
Another limitation is that most of the studies did not control
for other early life adversities such as childhood abuse or
neglect, which might be associated with blunted HPA axis
responses [30, 31]. Preterm birth is another factor that might
contribute to altered HPA axis responses including an in-
creased basal secretion rate of cortisol and a blunted response
to psychosocial stress [32]. Other potential confounders of
HPA axis activity in the offspring are body-mass index [33]
or anxiety, depressive or externalizing disorders [34], which
might be associated with blunted cortisol responses.
Therefore, it is important to take into account that other factors
frequently associated with the PAE might also contribute to
the altered HPA axis functioning in the offspring.

The greater HPA axis reactivity to social stress of PAE in
boys might be considered a marker of the vulnerability of the
offspring of women who have been exposed to alcohol during
pregnancy.

The impact of PAE on the offspring is likely to involve
multiple mechanisms as both ethanol and its main metab-
olite (acetaldehyde) can cross the placenta and have access

Table 2 Summary of the studies
that included children and
adolescents in the systematic
review

Reference Sample Age
(offspring)

Alcohol exposure Cortisol
measures

Results

Keiver et al.
2015 [25]

N = 56

30 G

26 B

6–14 y EXP: FASD diagnosis

NEXP: control group

Salivary cortisol
at awakening,
afternoon,
and bedtime.

Higher cortisol levels
at afternoon and
bedtime in the EXP
group.

McLachlan
et al. 2016
[26]

N = 85

47 G

38 B

5–18 y EXP: FASD diagnosis

NEXP: control group

Morning and
evening
salivary
cortisol.

Higher evening
cortisol levels in
the EXP group.

Sarkar et al.,
2018
[24•]

N = 54

26 G

28 B

5–18 y EXP: > 4 drinks per
occasion at least
once per week or > 3
drinks per week
during pregnancy

NEXP: control group

Salivary cortisol
and salivary
ACTH in the
morning and
evening.

Higher ACTH and
cortisol levels both
in the morning and
in evening in the
EXP group.

G girls, B boys, y years, EXP exposed, NEXP non-exposed, FASD fetal alcohol spectrum disorder
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to the fetus. Therefore, the drug can alter the mother’s
physiological systems, including the endocrine and im-
mune systems, as well as directly impact the fetus, being
particularly relevant the direct effects on the developing
brain of the fetus. Alcohol can directly alter neurotransmis-
sion, be toxic for neurons, in great part by enhancing oxi-
dative stress, and affect epigenetic processes, including
DNA methylation [35]. The precise mechanisms involved
in the long-term effects of PAE on the HPA axis have been
explored in animal models, but are still poorly known,
although DNA methylation of HPA-related genes might
be involved [27]. Interestingly, in one of the 9 studies that
were included in our systematic review, higher DNA meth-
ylation of two genes (proopiomelanocorticortin [POMC]
and period 2 [PER2]) was observed in both PAE mothers
and children, which suggests that moderate to heavy alco-
hol use during pregnancy induces epigenetic marks to re-
duce the gene expression in POMC and PER2 genes of
exposed children [24•]. It would be of great interest to
know whether higher POMC gene methylation is also ob-
served in the anterior pituitary, as the POMC peptide is the
precursor of ACTH.

Early life adversity is another variable that might induce
epigenetic changes that could contribute to the risk of men-
tal illnesses and addiction behaviors during adolescence
and adulthood [36]. In line with this hypothesis, previous
studies including children of alcoholics have reported a
blunted cortisol reactivity and increased methylation of
the serotonin transporter (SLC6A4) gene [37]. One of the
9 studies included in our review suggests that early life
stress is a moderator of HPA axis functioning, as children
and adolescents with early life adversity show more path-
ological cortisol diurnal rhythms [26]. However, this study
also suggests that protective factors (e.g., living in a qual-
ity, stable home) may buffer altered cortisol regulation,
underscoring the need of an early assessment and interven-
tion for PAE children.

The low number of studies exploring the relationship
between PAE and HPA axis functioning in human pop-
ulations when compared to the evidence from animal
models is an important limitation. Cortisol reactivity to
stress was mainly explored in infants and toddlers, al-
though conclusions are hampered because the stressors
used were of very low intensity and did not trigger a
clear cortisol response. Studies that included children
and adolescents did not assess HPA axis reactivity and
future studies need to address this issue using ecologi-
cally relevant stressors. However, studies in children,
but more particularly in adolescents, are still more com-
plex than in infants, as previous studies suggest that
children of fathers with an alcohol use disorder show
a blunted cortisol response to stress [37, 38] and a

greater risk to engage in risky substance use during
adolescence [38]. In most of the studies including chil-
dren and adolescents, PAE was equated to FASD diag-
nosis, whereas in studies including infants and toddlers,
PAE was defined taking into account the level of alco-
hol intake by the mother. These different approaches
make also more difficult to compare both types of stud-
ies, because the selection of FASD cases would include
a more severe phenotype when compared to only con-
sidering levels of alcohol consumption during pregnan-
cy. Therefore, longitudinal studies are needed following
cohorts of PAE children to allow the study of different
levels of outcome in terms of PAE and long-term con-
sequences (no exposure vs PAE without a FASD vs
PAE with a FASD). Moreover, more studies controlling
the precise timing (first, second, or third trimester) and
pattern (binge intake, spaced consumption) of ethanol
intake are needed. It is also important that future studies
explore HPA axis measures that have been less studied
(e.g., ACTH concentrations, CAR), as well as to corre-
late HPA axis abnormalities with behavioral aspects.

None of the included studies measured cortisol levels in
hair. Future studies might consider the addition of this HPA
axis measure that is an index of long-term cumulative cortisol
levels [39, 40]. Although there are no studies exploring wheth-
er PAE is associated with increased concentrations of cortisol
of hair in the offspring, previous studies have reported an
association between maternal trauma exposure during preg-
nancy and hair cortisol concentrations in the offspring at the
age of 3 years [41].

Conclusions

Our systematic review showed some evidence for program-
ming effects of PAE on the HPA axis in humans, although
results in animal models and humans are not always concor-
dant. Most studies in rodents are suggestive of enhanced base-
line and stress-induced HPA activity, whereas the results in
humans point to reduce responsiveness. However, both re-
duced and enhanced HPA activity might results in vulnerabil-
ity to certain pathologies. The findings pointing to a negative
effect of PAE on the HPA axis reactivity in the human off-
spring could be considered a neuroendocrine marker of vul-
nerability that could position those children to suffer from
stress-related negative outcomes in the future, including a risk
of psychopathology and addictive behaviors. Future studies
are needed to explore whether these HPA axis abnormalities
in PAE children are associated with an increased risk of alco-
hol consumption or mental health problems during adoles-
cence and young adulthood.
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