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Abstract

Hypothalamic pituitary adrenal (HPA) axis activity may be a mechanism linking early adversity to child mental health difficulties. However,
there is a dearth of longitudinal evidence for the association between HPA axis activity and mental health among children in low-resource
contexts. The goal of this study is to examine linear and curvilinear associations between HPA axis activity during infancy and mental health
difficulties in early childhood among children in rural Pakistan. Participants included 104 children (46% male) from the Bachpan study, a
longitudinal cohort embedded within a maternal depression trial in Pakistan.We examined the associations between hair-derived cortisol and
dehydroepiandosterone (DHEA) at 12 months old and mental health difficulties, measured with the Strengths and Difficulties Questionnaire
(SDQ), at 36months old. There was a significant quadratic association between hair cortisol and SDQ scores, with results showing a U-shaped
relationship (i.e., having relatively high or low cortisol predicted increased mental health difficulties). DHEA showed a quadratic association
with SDQ scores with an inverted U-shaped relationship (i.e., high and low DHEA was associated with decreased mental health difficulties).
Results provide evidence of longitudinal and curvilinear effects of cortisol and DHEA during infancy on mental health difficulties in early
childhood.
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Introduction

The hypothalamic pituitary adrenal (HPA) axis is one of the body’s
main stress response systems, whose functioning has wide-ranging
effects on physical and psychological health across the lifespan
(Adam et al., 2017). Studies have demonstrated that HPA axis hor-
mones, including cortisol and dehydroepiandosterone (DHEA),
are sensitive to environmental influences, with experiences of early
adversity (e.g., poverty, violence exposure) predicting altered HPA
axis activity, including both hyperactivity and hypoactivity, in chil-
dren (Kamin & Kertes, 2017; Shakiba et al., 2020). Functioning of
the HPA axis may be a mechanism linking early stressful experi-
ences to child mental health outcomes. However, more research is
needed to establish the association between HPA axis activity and
child mental health early in life, when mental health difficulties
first emerge.

HPA axis dysregulation, especially early in life, may impact
developing brain systems through altering neurogenesis and

connectivity among key regions associated with emotion
responsivity, executive function, and memory (McKlveen
et al., 2019; Sapolsky, 2003). Such alterations may longitudinally
affect child developmental trajectories in multiple domains,
including mental health (McKlveen et al., 2019). Indeed, longi-
tudinal research demonstrates an association between HPA axis
activity and mental health difficulties; however, there is incon-
sistency in whether it is lower or higher levels of cortisol and
DHEA that are associated with the negative outcomes
(Malisiova et al., 2020; Psarraki et al., 2020; Staufenbiel et al.,
2013; Wesarg et al., 2020).

Some studies show that high levels of cortisol prospectively pre-
dict elevated mental health difficulties, including anxiety and
depression, during childhood (Sandstrom et al., 2020; Saridjan
et al., 2014; Smider et al., 2002). Other longitudinal work suggests
that low levels of cortisol longitudinally predict increased mental
health symptoms in children (Laurent et al., 2015; Pauli-Pott
et al., 2019; Salis et al., 2016). Similarly, although the literature
examining DHEA and mental health is smaller, there is evidence
that both high (Cicchetti & Rogosch, 2007a; Kimonis et al., 2019;
Mulligan et al., 2020) and low (Chen et al., 2015; Kamin & Kertes,
2017; Michael et al., 2000) DHEA are cross-sectionally associated
with poor child mental health.
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The inconsistencies in this literature illustrate the complexity
of the relationship between HPA axis activity and child function-
ing. One source of complexity may be nonlinear associations
between HPA axis indicators and child development. However,
very few studies have examined the possibility of a curvilinear
relationship between cortisol or DHEA and child outcomes.
Research examining cortisol and depression has found a
U-shaped relationship between cortisol levels and depressive
symptoms in adolescents and older adults, such that both high
and low levels of cortisol predicted elevated depressive symptoms
(Bremmer et al., 2007; Ford et al., 2019). This suggests that HPA
axis dysregulation in either direction (i.e., high or low hormone
levels) may place individuals at higher risk for developing mental
health difficulties. However, more evidence is needed across age
groups, sources of cortisol, and contexts to better understand the
linear and curvilinear associations between HPA axis activity and
mental health.

There is a paucity of research examining HPA axis activity and
child mental health difficulties in low-resource settings, such as
low- and middle-income countries (LMICs). Children in these set-
tings are likely to be exposed to a myriad of chronic stressors, such
as poverty, disease exposure, and food insecurity, that can alter
both their stress system functioning and their susceptibility to
mental health difficulties. In addition, elucidating the association
between HPA axis activity and child mental health outcomes in
LMICs can further our understanding of the basic processes link-
ing stress system functioning and child development across diverse
contexts. Studies in these settings have demonstrated a link
between HPA axis activity and mental health in adolescents both
cross-sectionally (Nicolson & Ponnamperuma, 2019; Schindler
et al., 2019; Shaheen et al., 2020; Zimmerman et al., 2020) and lon-
gitudinally (Dajani et al., 2018; Panter-Brick et al., 2020) However,
few studies in low or high-resource settings have examined these
longitudinal associations from infancy to early childhood (Frost
et al., 2017; Saridjan et al., 2014). Given that infancy is a period
of high neuroplasticity, and early childhood is when mental health
difficulties may first become recognizable, this early period may
offer a promising opportunity for studying the influence of stress
physiology on child socioemotional development.

In the current study, we examine the longitudinal associations
between hair-derived HPA axis markers at 12 months old and
mental health difficulties at 36 months old in a sample of children
in rural Pakistan. In an effort to clarify the disparate findings in

previous studies, we examine both linear and curvilinear relation-
ships between HPA axis indicators and child outcomes.

Method

Study design and sample

Data for these analyses were drawn from the Bachpan study, a birth
cohort with an embedded cluster-randomized control trial of a
maternal depression intervention in rural Pakistan. Details of
the trial are available elsewhere (Atif et al., 2019; Maselko et al.,
2020; Turner et al., 2016). Briefly, women in their third trimester
of pregnancy were recruited from 40 village clusters in the Kallar
Syedan region of Pakistan. Women were screened for depression
using the Patient Health Questionnaire-9 (PHQ-9). Those who
scored above the cutoff of 10 were eligible for enrollment in the
trial. Village clusters were randomly assigned to receive the inter-
vention or enhanced usual care (control). In addition, at baseline, a
sample of women who were not depressed (i.e., scored below a 10
on the PHQ-9) were recruited within each village cluster to create a
population-representative sample (Sikander et al., 2019). Sample
sizes and a study timeline are presented in Figure 1. When infants
were 12 months old, a randomly selected subsample of 177 (34 in
the intervention group, 36 in the control group, and 34 in the non-
depressed group) mother–child dyads were approached for hair
data collection (out of a sample of 889 families interviewed).
The subsample was selected to be balanced across treatment
groups. Of the 177 approached for hair sample collection, 158 fam-
ilies consented for an acceptance rate of 89%. This acceptance rate
aligns with the larger sample. Fifty-four infants did not have
enough hair to sample. The final data set included hair samples
from 104 infants.

Measures

Hair-derived cortisol and DHEA
Approximately 200 strands of hair were collected from infants
using standard collection procedures (Russell et al., 2012).
Infants provided 1–3 cm of hair. A single cm of hair approximates
one month of hormone secretion, meaning the cortisol and DHEA
values in this sample represent the average hormone secretion
from the previous 1–3 months (Kirschbaum et al., 2009).
Cortisol and DHEA were measured using liquid chromatography
mass spectrometry (LC–MS) by Dresden LabService (Gao et al.,

Figure 1. Timeline and sample size for hair subsample.
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2013; Kirschbaum et al., 2009). This method involves simultane-
ously extracting steroid hormones (including cortisol and
DHEA) fromwhole (i.e., nonpulverized) hair samples bymethanol
incubation (for more detail, see Gao et al., 2013). Hair samples
were analyzed in a single batch. Five DHEA values were below
the detectable limit and were winsorized to the minimum value.
One DHEA value was identified as an outlier (i.e., over three
SDs above the mean) and was winsorized to three standard devia-
tions above the mean. There were no cortisol outliers.

Mental health difficulties
Mothers reported on their children’s mental health difficulties at
36 months using the Strengths and Difficulties Questionnaire
(SDQ) (Finch et al., 2018; Goodman, 2001). The SDQ includes
25 items measuring the frequency of symptoms in the previous
six months on a scale from 0 (not true) to 2 (certainly true).
The SDQ provides an overall Total Difficulties score (SDQ-TD;
20 items, α= 0.78), as well as five subscales: Emotional
Problems (five items, α= 0.61), Conduct Problems (five items,
α= 0.73), Hyperactivity Problems (five items, α= 0.50), Peer
Problems (five items, α= 0.20), and Prosocial Behavior (five items,
α= 0.40). The SDQ-TD is the sum of all the scales except for
Prosocial Behavior. On the Emotional, Conduct, Hyperactivity,
and Peer Problems subscales, higher scores indicate increased
symptoms. On the Prosocial Behavior scale, higher scores indicate
increased positive social behavior. The SDQ has been translated
and validated in Urdu and has been used extensively in LMICs
(Samad et al., 2005).

Covariates
Covariates included trial arm (depressed intervention, depressed
control, and nondepressed), child sex, child age in days at the time
of hair sampling, and family socioeconomic status at baseline.
Socioeconomic status was assessed using an index of household
assets (Rustein & Johnson, 2004). This index included items such
as land/home ownership, ownership of various household items
(e.g., television), type of materials used to build the home, and
access to water and sanitation. A polychoric principal components
approach was applied to the asset items (Kolenikov & Angeles,
2004), and the first principal component derived from this analysis
was used as the SES asset index. For more detail on this approach,
see Maselko et al., 2018 and Kolenikov & Angeles, 2004.
Participants were divided into SES levels based on quintiles within
the sample.

Statistical analysis

Data were analyzed using Stata 16. Hair cortisol was log-trans-
formed due to positive skew. DHEA did not show a skewed distri-
bution, so this was untransformed for analysis. In addition, cortisol
and DHEA were standardized prior to analysis. First, preliminary
analyses were conducted to test differences between the HPA axis
subsample and the full study sample on study variables, including
demographic characteristics and SDQ scores. Through bivariate
correlations and ANOVAs, we also tested differences in cortisol
and DHEA by sociodemographic characteristics (i.e., child age,
child sex, and family SES) and trial arm. In main analyses, we used
generalized estimating equations (GEE) with cluster-robust stan-
dard errors to assess the relations between HPA axis markers at
12 months and mental health difficulties at 36 months (Wang,
2014). We ran models with HPA axis hormones predicting the
SDQ Total Difficulties scale. In additional analyses, we tested

the associations between HPA axis hormones and each subscale
of the SDQ. For each outcome, linear, quadratic, and cubic models
were tested. Akaike Information Criterion (AIC) and Bayseian
Information Criterion (BIC) were used to assess each model’s
fit. The best-fitting model (i.e., the model with the lowest AIC
and BIC values) for each outcome is presented in the results sec-
tion. In addition, model fits for all models are presented in
Supplemental Table 2.

Results

Sample characteristics are presented in Table 1. In addition,
Supplemental Table 1 presents a comparison between the HPA
subsample and the full sample on study variables. The HPA sub-
sample was similar to the full sample with the exception of having
higher scores on the Peer Problems subscale of the SDQ (t=−2.61,
p< 0.01) compared to the full sample. Bivariate correlations for
key variables of interest are presented in Table 2. DHEA was pos-
itively associated with child age. ANOVAs showed there were no
differences in cortisol or DHEA by child sex or SES quintile. There
were no differences in cortisol by study arm, but there was a sig-
nificant difference in DHEA across groups (F= 7.26, p< 0.05).
Those in the nondepressed (M= 13.52) and depressed interven-
tion (M= 12.51) groups showed higher DHEA than those in the
depressed control group (M= 8.62).

We first tested the linear and curvilinear associations between
hair cortisol and DHEAwith the SDQTotal Difficulties (SDQ-TD)
score. Results are presented in Figure 2, and estimates are described
in Supplemental Tables 3 and 4. There was a statistically significant
quadratic effect of hair cortisol on the SDQ-TD score (B = 1.31,

Table 1. Sample characteristics

% (n) or Mean (SD) Range

Child characteristics

Child sex (% male) 46.15% (n = 48)

Child BMI (at 12 months) 16.03 (1.68) 11.67–20.43

Child age in days (at 12 months) 372.22 (16.73) 351–466

Household characteristics

SES Quintile

Lowest 23.08% (n = 24)

Lower Middle 24.04% (n = 25)

Middle 19.23% (n = 20)

Upper Middle 16.35% (n = 17)

Upper 17.31% (n = 18)

Child mental health

SDQ Total Difficulties 15.13 (6.24) 4–30

Emotional Problems 3.30 (2.47) 0–10

Conduct Problems 3.51 (2.96) 0–10

Hyperactivity Problems 4.41 (1.84) 0–9

Peer Problems 3.90 (1.38) 1–7

Prosocial Behavior 8.15 (1.64) 3–10

Child hair-derived HPA hormones

Cortisol 2.81 (1.03) 0.22–5.28

DHEA 11.53 (6.13) 0.24–31.48

Notes: SDQ= Strengths and Difficulties Questionnaire. Cortisol values are log-transformed.
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95% CI: 0.67, 1.95), such that the SDQ-TD score is elevated when
cortisol is relatively low and high, but decreased when cortisol is
near the mean (a U-shaped association). The quadratic model
showed a better fit according to the AIC and BIC compared to
the linear model (see Supplemental Table 2). There was also a sta-
tistically significant quadratic effect of DHEA on the SDQ-TD
score (B =−0.73, 95% CI: −1.30, −0.15). This effect showed that
the SDQ-TD was lower when DHEA was relatively high and rel-
atively low, and elevated when DHEA was near the mean (an
inverse U-shaped association). The quadratic model showed a bet-
ter fit than the linear model when assessed with the AIC. When
assessed with the BIC, the linear model showed a better fit than
the quadratic model.

To gain further insights into the associations between cortisol,
DHEA and specific types of mental health difficulties, we tested
the associations of hair cortisol and DHEA with subscales of the
SDQ. Figure 3 and Supplemental Table 3 show the associations
between hair cortisol and each SDQ subscale. There were sta-
tistically significant quadratic effects of cortisol on Emotional
Problems (B = 0.49 95% CI: 0.14, 0.84) and Conduct Problems
(B = 0.47, 95% CI: 0.23, 0.71), indicating a U-shaped association
(i.e., emotional and conduct symptoms are elevated when cortisol

is relatively low and relatively high, but decreased when cortisol is
around the mean). For these outcomes, the quadratic models
showed a better fit than the linear models on both the AIC
and BIC. There were no statistically significant associations
between hair cortisol and any other SDQ subscale. Figure 4
and Supplemental Table 4 show the associations between
DHEA and each SDQ subscale. There was a statistically signifi-
cant quadratic effect of DHEA on Emotional Problems
(B =−0.30, 95% CI:−0.56,−0.04) showing an inverted U-shaped
association. There was a quadratic effect of DHEA on Conduct
problems of a similar magnitude, but this was not statistically sig-
nificant (B =−0.33, CI: −0.66, 0.00) Emotional and conduct
symptoms were lower when DHEA was relatively high or low,
and higher when DHEA was near the mean. As with the SDQ-
TD, the quadratic models for both the emotional and conduct
scales showed better fits than the linear models when assessed
with the AIC, but not the BIC. In addition, DHEA showed a sig-
nificant positive linear effect on the Prosocial Behavior scale
(B = 0.33, 95% CI: 0.08, 0.58), suggesting that increased DHEA
at 12 months is associated with more prosocial behaviors at 36
months. There were no other statistically significant associations
between DHEA and the SDQ subscales.

Table 2. Bivariate correlations between study variables

Variable (1) (2) (3) (4) (5) (6) (7) (8) (9)

(1) Cortisol (12 months) 1.000

(2) DHEA (12 months) 0.156 1.000

(3) Child age (12 months) 0.058 0.275** 1.000

(4) SDQ Total (36 months) −0.131 −0.129 −0.013 1.000

(5) SDQ Emotional Problems −0.197† −0.028 0.049 0.774*** 1.000

(6) SDQ Conduct Problems −0.045 −0.129 −0.051 0.833*** 0.429*** 1.000

(7) SDQ Hyperactivity Problems −0.067 −0.193† −0.023 0.697*** 0.334** 0.551*** 1.000

(8) SDQ Peer Problems −0.055 0.000 −0.002 0.428*** 0.349*** 0.123 0.038 1.000

(9) SDQ Prosocial Behavior 0.104 0.200† 0.097 −0.242* 0.064 −0.371*** −0.231* −0.105 1.000

†p< 0.10 *p< 0.05, **p< 0.01, ***p< 0.001.
SDQ= Strengths and Difficulties Questionnaire. Cortisol values are log-transformed.

(a) (b)

Figure 2. Quadratic fit plots of the relation between the SDQ total difficulties scale and hair cortisol (Panel A) and DHEA (Panel B).
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Discussion

The goal of this study was to examine longitudinal relations
between hair-derived HPA axis biomarkers at 12 months of age
and mental health difficulties at 36 months of age among children

living in rural Pakistan. Results showed that cortisol has a curvi-
linear relationship with mental health difficulties, as measured
by the Total Difficulties, Emotional Problems, and Conduct
Problems scales on the SDQ. These findings suggest that children

(a)

(b) (d)

(e)

(c)

Figure 3. Quadratic fit plots of the relation between cortisol and the SDQ emotional problems (Panel A) and conduct problems (Panel B) scales. Linear fit plots of hyperactivity
problems (Panel C), peer problems (Panel D), and prosocial behavior (Panel E) scales.
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show elevated mental health difficulties when cortisol is both low
and high, but not when cortisol is near the log-transformed mean.
Results also suggested a curvilinear association between DHEA
and Total Difficulties, Emotional Problems, and Conduct
Problems in the opposing direction, such that children showed
decreased SDQ symptoms when DHEA was both low and high
and elevated SDQ symptoms when DHEA was near the mean.

These findings may help explain discrepancies in the literature
relating cortisol and DHEA to psychopathology, which has shown
effects of both high and low hormones onmental health difficulties
(Malisiova et al., 2020).

Early alterations in HPA axis activity may impact child psycho-
logical functioning through a variety of mechanisms. First, HPA
axis dysregulation may interfere with optimal brain development

(a)

(b)

(e)

(c)

(d)

Figure 4. Quadratic fit plots of the relation between cortisol and the SDQ emotional problems (Panel A) and conduct problems (Panel B) scales. Linear fit plots of hyperactivity
problems (Panel C), peer problems (Panel D), and prosocial behavior (Panel E) scales.
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early in life. Evidence suggests that excessive cortisol is associated
with suppressed neurogenesis and dendritic atrophy in the limbic
system (Sapolsky, 2003). In addition, animal models demonstrate
that early stressful experiences predict heightened cortisol, which is
then associated with reduced connectivity between limbic struc-
tures (e.g., the amygdala, the hippocampus) (Liu et al., 2000).
These alterations in the limbic system may have protracted effects
on children’s self-regulatory capacities as they age, eventually con-
tributing to emotional and behavioral difficulties (Blair, 2010). The
effects of HPA axis activity on brain developmentmay be especially
important during infancy, when neural plasticity is high (Gee &
Casey, 2015).

HPA axis activity early in life may also contribute to behavioral
patterns that place children at risk for psychological concerns over
time. Low cortisol activity is associated with blunted physiological
and behavioral reactivity to acute stress. Blunted stress reactivity
has been associated with risk-taking behavior and externalizing
problems in children, possibly as a result of being less sensitive
to dangers in the environment (Ellis et al., 2017; Ouellet-Morin
et al., 2011). This may explain the U-shaped pattern in the associ-
ation between cortisol and later mental health difficulties, with
children who show blunted (or low) cortisol also showing
increased emotional and conduct problems.

HPA axis activity may interact with environmental conditions
to predict child adjustment. The biological sensitivity to context
theory posits that high or lowHPA axis activity alone does not nec-
essarily predict child outcomes, but the combination of stress sys-
tem functioning and environmental factors (e.g., the safety of the
child’s environment, the extent to which the child feels supported,
the predictability of the environment, parenting practices) may be
more important (Boyce & Ellis, 2005). For instance, children who
show high HPA activity early in life may be more sensitive to
stressful experiences in childhood, and therefore may show more
behavioral and emotional problems if they are raised in a stressful
environment. Those who are low in HPA activity may be less
responsive to stressful experiences and show similar levels of
psychological functioning regardless of their environment. This
would suggest that future studies characterizing physiological pre-
dictors of child socioemotional development would benefit from
including indicators of environmental stress.

Furthermore, the timing, chronicity, and number of stressors
experienced by children may impact the association between
HPA axis activity andmental health. Research on trauma and post-
traumatic stress disorder (PTSD) has demonstrated that trauma
exposure is associated with an initial increase in cortisol, followed
by attenuated cortisol over time. Work has also shown that attenu-
ated cortisol prior to trauma exposure may lead to increased vul-
nerability to PTSD. This physiological mechanismmay explain the
dose–response relationship observed between number of trau-
matic events and severity of PTSD symptoms (Steudte-
Schmiedgen et al., 2016). In this sample, the occurrence of trau-
matic events may inform both participants’ HPA axis activity
and their susceptibility to mental health difficulties. However, this
was outside the scope of the current analyses.

The finding that hair cortisol during infancy has a U-shaped
association with psychological symptoms in early childhood sug-
gests that capturing both types of cortisol dysregulation (i.e., both
high and low cortisol values) may be valuable in identifying chil-
dren most at risk for developing psychological symptoms longitu-
dinally. The finding that DHEA has an inverted U-shaped
association with psychological symptoms suggests that those with
both high and low DHEA levels in infancy may be at lower risk for

developing mental health concerns in early childhood. However,
there were conflicts in model fit statistics based on the AIC and
BIC for the quadratic DHEAmodel, suggesting that more research
is needed to draw conclusions around curvilinear associations
between DHEA and mental health. These findings provide a
broader view of how physiological stress system functioning
may relate to behavior by moving beyond linear associations.
Given the previous work showing curvilinear associations between
early adversity and HPA axis hormones (Bush et al., 2011; Shakiba
et al., 2020), considering the pathways between early stress expo-
sure and child socioemotional development in terms of nonlinear
relationships may allow researchers to better capture the nuances
in these associations.

We found that hair-derived DHEA at 12 months predicted
increased parent-reported pro-social behavior at 36 months.
Some work suggests that DHEA supports neurodevelopment early
in life, including neurogenesis and plasticity in response to chal-
lenge (Greaves et al., 2019; Maninger et al., 2009). It may be that
high levels of DHEA in infancy support optimal development in
the brain areas underlying self-regulation, which then supports
prosocial behavior in early childhood. However, given the low reli-
ability of the prosocial scale in this sample, this finding should be
interpreted with caution.

It is notable that DHEA and cortisol showed opposing effects on
mental health difficulties, and that only DHEA showed statistically
significant effects on prosocial behavior. It may be that DHEA and
cortisol influence child development through independent path-
ways. Past research has shown that DHEA and cortisol have oppos-
ing effects on neural development, with excessive cortisol exerting
neurotoxic effects and DHEA offsetting the impact of cortisol
(Maninger et al., 2009). Research also suggests that cortisol and
DHEA have different mechanisms of action in influencing neuro-
transmitters, different daily secretion patterns, and different regu-
latory processes (for instance, cortisol is regulated by a negative
feedback loop within the HPA axis, but DHEA is not) (Kamin
& Kertes, 2017). Disentangling the independent effects of cortisol
and DHEA may be a promising next step in understanding the
complex associations between HPA axis regulation and child
development.

This study benefitted from a number of strengths, including a
longitudinal design and multiple markers of HPA axis activity (i.e.,
cortisol and DHEA). In addition, our sample in rural Pakistan
allows us to better understand HPA axis biomarkers and child
development in a low-resource setting. Moreover, the age of our
sample meant was able to capture HPA axis activity and childmen-
tal health difficulties during important periods (infancy and early
childhood) for both neurodevelopment and psychological
development.

There are also several limitations to this study. First, there is
evidence to suggest that our measure of child mental health diffi-
culties, the SDQ, has limited clinical sensitivity and specificity in
non-Western, low resource contexts (Maldonado et al., 2019).
Reliability estimates for the SDQ subscales were mixed in this sam-
ple, with some scales (i.e., Peer Problem, Prosocial Behavior) show-
ing poor reliability. This suggests that the items on the SDQ
subscales show limited internal consistency with one another,
and therefore may not be measuring distinct underlying con-
structs. Our results pertaining to the SDQ subscales should be
interpreted with caution. Findings may reflect associations
between HPA axis activity and general psychopathology, rather
than specific domains of psychological symptoms as measured
by the SDQ subscales. Future studies may benefit from
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incorporating a variety of adapted child mental health measures
that have been validated for this setting, and usingmulti-informant
and/or observational methods to better understand child psycho-
logical functioning. In addition, our sample size was relatively
small, which limited our ability to examine moderators. Studies
have shown that a multitude of factors, including environmental
context (e.g., family income, stress exposure), child sex, and child
age may moderate the effects of cortisol and DHEA on child devel-
opment (Armstrong-Carter et al., 2020; Cicchetti & Rogosch,
2007b; Fuchs et al., 2018; Kimonis et al., 2019; Ouellet-Morin
et al., 2021). We also did not include information on traumatic
events (e.g., abuse, violence exposure) that may inform our results.
HPA axis activity likely intersects with multiple environmental,
biological, and behavioral systems to influence child development.
Furthermore, we relied on parent self-report for child mental
health difficulties, which may be subject to bias. Finally, it should
be noted that two years passed between when cortisol and DHEA
were sampled (12 months) and when outcomes were measured (36
months). It is possible children were exposed to other factors,
including stressful experiences, that may have impacted their soci-
oemotional development during this time.

This study demonstrated longitudinal and curvilinear associa-
tions between hair-derived HPA axis hormones in infancy and
mental health difficulties in early childhood. These results point
to cortisol and DHEA as potential markers of risk and resilience
among young children living in rural Pakistan. Future research
can expand on this work to understand the mechanisms by which
early experiences are physiologically embedded and how such
alterations in physiological systems may contribute to child devel-
opmental trajectories.
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Acknowledgments. We would like to thank the team at the Human
Development Research Foundation (HDRF), including Rakshanda Liaqat,
Tayyiba Abbasi, Maria Sharif, Samina Bilal, Anum Nisar, Amina Bibi,
Shaffaq Zufiqar, Ahmed Zaidi, Ikhlaq Ahmad, andNajia Atif.We are also grate-
ful for the assistance and inputs of Prof. Fareed AslamMinhas from the Institute
of Psychiatry, RawalpindiMedical University. Finally, we are very grateful to the
families who participated in the study.

Funding sources. This work was supported by the University of Melbourne,
ARC Centre of Excellence – The Life Course Centre, MiSoC ISER at University
of Essex, NIH R01HD075875, NIMH U19MH95687, NICHD R03HD097434,
and NICHD T32HD007168.

Conflicts of interest. None.

References

Adam, E. K., Quinn, M. E., Tavernier, R., McQuillan, M. T., Dahlke, K. A.,
& Gilbert, K. E. (2017). Diurnal cortisol slopes and mental and physical
health outcomes: A systematic review and meta-analysis.
Psychoneuroendocrinology, 83, 25–41. https://doi.org/10.1016/j.psyneuen.
2017.05.018

Armstrong-Carter, E., Finch, J. E., Siyal, S., Yousafzai, A. K., & Obradović, J.
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