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BACKGROUND: Although investigations have begun to differentiate biological and neurobiological responses to a variety of
adversities, studies considering both endocrine and immune function in the same datasets are limited.
METHODS: Associations between proximal (family functioning, caregiver depression, and anxiety) and distal (SES-D; socioeconomic
disadvantage) early-life adversities with salivary inflammatory biomarkers (IL-1β, IL-6, IL-8, and TNF-α) and hair HPA markers
(cortisol, cortisone, and dehydroepiandrosterone) were examined in two samples of young U.S. children (N= 142; N= 145).
RESULTS: Children exposed to higher SES-D had higher levels of TNF-α (B= 0.13, p= 0.011), IL-1β (B= 0.10, p= 0.033), and DHEA
(B= 0.16, p= 0.011). Higher family dysfunction was associated with higher cortisol (B= 0.08, p= 0.033) and cortisone (B= 0.05,
p= 0.003). An interaction between SES-D and family dysfunction was observed for cortisol levels (p= 0.020) whereby children
exposed to lower/average levels of SES-D exhibited a positive association between family dysfunction and cortisol levels, whereas
children exposed to high levels of SES-D did not. These findings were partially replicated in the second sample.
CONCLUSIONS: Our results indicate that these biological response systems may react differently to different forms of early-life
adversity.
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IMPACT:

● Different forms of early-life adversity have varied stress signatures, and investigations of early-life adversities with inflammation
and HPA markers are lacking.

● Children with higher socioeconomic disadvantage had higher TNF-α, IL-1β, and DHEA.
● Higher family dysfunction was associated with higher hair cortisol and cortisone levels, and the association between family

dysfunction and cortisol was moderated by socioeconomic disadvantage.
● Biological response systems (immune and endocrine) were differentially associated with distinct forms of early-life adversities.

INTRODUCTION
Early-life adversity can be conceptualized as a violation of the
expectable developmental environment by exposure to harmful
or threatening stimuli (e.g., biological or psychosocial hazards),
absence of responsive caregiving needed for healthy develop-
ment, or both.1,2 Exposure to early-life adversities increases the
risk of developing psychological and physical health problems
well into the adult years.3,4 The long-term consequences of early
adversity are substantial as these individuals account for 29.8% of

all psychiatric cases across 21 countries.5 Individuals exposed to
adversity early in life also have a 44% greater likelihood of heart
attacks and strokes,6 and an increased risk of all-cause mortality.7

Likewise, these individuals also have a greater risk for auto-
immune disorders such as asthma, with varying risk intensity
depending on the type of adversity experienced.8 Despite
substantial evidence for adversity–health associations, the under-
lying mechanisms involved in the developmental pathway from
early-life adversity to future pathology are not well understood
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and the early identification of the effects of different forms of
adversity remains a challenge.3

One of the reasons for this knowledge gap is the fact that more
research have been conducted on the effects of adversity on
school-age children, adolescents, and adults, with little known
about effects in early childhood.9 The definition of early adversity
is another aspect that is often left imprecise due to its different
domains and different levels. Nevertheless, a notable feature is
that such exposures require different adaptive responses by the
child.10 Psychosocial adversity includes several domains that can
be generally disentangled into two forms. One form comprises
proximal adverse experiences that impact children directly, which
includes various forms of abuse or neglect, family psychiatric
problems (e.g., maternal mental health), disruptions in family
functioning, witnessing domestic violence, loss of a caregiver, and
others.11 Another form of adversity encompasses conditions that
affect the child indirectly, here defined as broader contextual/
distal adversities.9 These include conditions such as growing up in
poverty, stresses on families associated with systemic racism and
interpersonal discrimination, living in a violent neighborhood, and
occupational or academic disruption in the lives of caregivers.10–12

Although not as apparent as being the target of maltreatment,
distal adversities are thought to affect children indirectly through
a cascade of events. These influences include distress in primary
caregivers which can undermine the quality of caregiver–child
interactions that moderate negative emotions and physiological
processes associated with noxious stimulation.9,13

Different forms of early adversity may have varied stress signatures
and their impact on child’s development might occur through
differential effects on distinct biological systems.6,8,14,15 One biologi-
cal mechanism commonly associated with poor child outcomes and
future pathology is disrupted reactivity and regulation of stress
responses by the hypothalamic–pituitary–adrenocortical (HPA) axis.16

Activation of the HPA axis in response to stress results in the release
of cortisol to mobilize energy and resources to respond to
environmental threats.17 This mobilization allows the organism to
maintain functioning under challenging conditions (allostasis), but
under conditions of chronic stress (high allostatic load), in a sensitive
period of development, the organism might exhibit a maladaptive
HPA response.18 Along with cortisol, dehydroepiandrosterone
(DHEA) and its sulfate ester (DHEAS) are also secreted in response
to stress.19 More recently, attention has shifted to the interplay
between DHEA and cortisol as several physiological systems are
affected by both hormones. For example, DHEA can antagonize
effects of cortisol actions and biological actions of DHEA also involve
anti-inflammatory, neuroprotective, and antioxidant effects.19 Thus,
taking cortisol and DHEA hormones with the inactive metabolite of
cortisol (i.e., cortisone) into account may be a more sensitive
indicator of HPA axis activity.20 Variation in HPA axis function due to
stress has been shown to have a significant impact on neural
development and behavior in animal models.21 In humans, the
effects of prolonged early-life deprivation can also result in future
disrupted HPA axis response to stress.22–24 This suggests that timing
is particularly relevant since maladaptive responses during a sensitive
developmental period can lead to abiding structural alterations and
physiologic dysregulations.1,4

Another pathway through which early adversity appears to
influence mental and physical health is via modification of the
immune system through an imbalance of inflammatory
processes.25,26 Inflammation is the body’s initial defense against
viral and bacterial infection. However, chronic inflammation is
associated with the pathogenesis of depression and cardiovas-
cular disease, and higher levels of inflammatory markers have
been implicated in poorer neurodevelopment in children growing
up in adverse environments.3,6,27

The impact of different forms of adversity on both the immune
system and the HPA axis, and the bidirectional communication
between these systems is still unclear. For example, the cytokines

tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), and interleukin-6
(IL-6) act as a stimulus for HPA axis activity in plasma, while cortisol
suppresses proinflammatory and activates anti-inflammatory
responses.28,29 Thus, in the context of chronic early-life adversity,
where blunted HPA axis activity is commonly observed, diminished
HPA axis activity may contribute to the dysregulation of the immune
system, reducing the inhibition of inflammatory processes. This
bidirectional relation emphasizes the relevance of considering how
alterations in these two systems influence each other, and
potentially the co-regulation of other biological systems, that
together underlie mental and physical pathogenesis.10,28,29

To our knowledge, there is a paucity of studies that have
examined the associations of different forms of early adversity and
accompanying stress signatures on both the immune and HPA axis
systems specifically during the first 5 years of life. A recent study
that considered both proximal and contextual adversities only
evaluated the HPA axis response in infants.16 Most studies of
inflammatory biomarkers have been conducted in premature
infants30 and children with autism spectrum disorder,31 but have
not investigated differences in proximal versus contextual types of
early-life adversities.26,27 Recent investigations have started to
differentiate distinct forms of adversity in which contextual
stressors, parental stress, the number of traumatic events to which
children were exposed, and attachment styles predicted salivary
inflammatory responses,32,33 but studies considering both biologi-
cal systems together are still rare. In order to investigate how
different forms of psychosocial adversity impact those two
biological systems, our current study aimed to test the associations
of proximal (e.g., family functioning, caregiver’s depression, and
anxiety) and distal (e.g., socioeconomic disadvantage) early-life
adversities with salivary inflammatory biomarkers (IL-6, IL-8, TNF-α,
and IL-1β cytokines) and a panel of hair HPA axis markers (cortisol,
cortisone, and DHEA) in young children between 3 months and 5
years of age. This study is part of the Health’s Early Roots & Origins
(HERO) project, a project constituted of two independent samples
(HERO Phase-I and HERO Phase-II). We also investigated the effect
of interaction between socioeconomic disadvantage (distal adver-
sity) and family dysfunction (proximal adversity) based on previous
interactions reported by Johnson et al.16

METHODS
Participants
We interrogated data from the Phase-I and Phase-II feasibility stages of the
HERO project. HERO is a unique initiative resulting from the combined
efforts of scientists, pediatric practitioners, and community leaders that
compose the JPB Research Network on Toxic Stress, driving a transforma-
tive agenda to establish and validate biological measures of stress
activation in healthy children at scheduled well-child visits between
4 months and 5 years of age.
Phase-I was defined as a discovery sample in the current study. It

comprised a sample of 142 caregivers (87.3% mothers; 12.7% fathers) and
children with ages 3–68 months (MD= 18, IQR= 27) recruited from four
affiliated pediatric clinics in Austin, TX; Bronx, NY; Cambridge, MA; and
Albuquerque, NM from November 2017 to September 2018. Caregivers
were American-born (48.2%) and answered the questionnaires according
to their language preference. Phase-II was set as a replication sample in the
current study. Its participants were 145 young children and their caregivers
(52.4% American born, 87.5% mothers; 11.8% fathers; and 0.7% grand-
mothers). In the second sample children’s age was significantly different
from Phase-I and ranged from 3 to 61 months with the mean age around
12 months (MD= 12, IQR= 10). For the second phase, data collection took
place in the same pediatric clinics from December 2018 to September
2019. We also observed significant differences in family household income
in which Phase-2 families had higher annual income, the demographics of
both samples are shown in Table 1.

Procedures
Biological samples were collected from children, and psychosocial data
were informed by caregivers in the context of well-child pediatric visits.
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Samples were collected through non-invasive methods which included
cheek swabs for buccal epithelial cells, a small amount of saliva to
measure inflammatory markers such as cytokines, and several strands of
hair to measure steroid levels. Children’s anthropometric measurements
were also obtained, including height, weight, and head circumference.
Children with pre-term birth, congenital disorders, previous recent
vaccination, and steroid medication use were not eligible to participate
in the study. The surveys and data management protocols were set up
using the Research Electronic Data Capture (REDCap) tools. All
participants provided informed written consent, and study procedures
were approved by the local institutional review board for each pediatric
clinic involved in the HERO project (Young Children’s Health Center,
Albuquerque, NM; People’s Community Clinic, Austin, TX; Yogman
Pediatric, Cambridge, MA; Albert Einstein College of Medicine, Bronx,
NY) and the Douglas Research Centre (Research Ethics Board – Mental
Health and Neuroscience subcommittee affiliated with McGill University
and the Montreal West Island IUHSSC).

Biochemical measures
Pro-inflammatory markers. Samples were obtained from children during a
single visit to a HERO-affiliated pediatric clinic using SalivaBio Infant’s
Swabs for infants aged 0.15–6 months, and SalivaBio ORAL Swabs for
participants aged >6 months. If children drank milk/formula or had eaten
any food within 45min before sample collection, parents were asked to
give bottled water to rinse their mouths and then wait 15 min before
sampling. Saliva was stored at −20 °C and shipped to the Douglas Mental
Health University Institute (Montreal, QC, Canada) where it was aliquoted
and forwarded to be processed at the Salimetrics Lab and Technology
Center (Carlsbad, CA) for assay. IL-1β, IL-6, IL-8, and TNF-α cytokines were
measured in duplicate using a multiplex assay (one sample, multiple data
points per well on the plate) by enzyme-linked immunosorbent assay
(ELISA), using a proprietary method developed and validated for saliva by
the Salimetrics Lab and Technology Center. As cytokines were measured in
duplicate, their values were averaged. In Phase-I, the minimum detectable
concentrations of IL-1β, TNF-α, IL-6, and IL-8 were 1.59, 0.01, 0.29, and
19.53 pg/mL, respectively. The average assay range was 600 pg/mL for IL-
1β, 20 pg/mL for TNF-α, 105 pg/mL for IL-6, and 4919 pg/mL for IL-8. The
intra-individual coefficient of variation was between 0 and 12% for IL-1β, 0
and 104.3% for TNF-α, 0 and 20.6% for IL-6, and 0 to 59.9% for IL-8. We

considered the criteria used by McKay et al.34 for intra-individual variation
reliability, and therefore cytokines’ measurements were excluded from the
analyses if the coefficient of variation was higher than 15%. This led to the
exclusion of 3, 4, and 69 samples for IL-8, IL-6, and TNF-α, respectively. In
Phase-II, the minimum detectable concentrations of IL-1β, TNF-α, IL-6, and
IL-8 were 0.31, 0.19, 0.16, and 0.07 pg/mL, respectively. The average assay
range was 292 pg/mL for IL-1β, 14.2 pg/mL for TNF-α, 110 pg/mL for IL-6,
and 4340 pg/mL for IL-8. The intra-individual coefficient of variation ranged
from 0 and 0.1% for IL-1β, 0 and 0.3% for TNF-α, 0 and 0.3% for IL-6, and 0
to 0.2% for IL-8.

HPA axis markers. A steroid panel of cortisol, cortisone, testosterone,
progesterone, and DHEA was obtained from the hair of a sub-sample of
children (Phase-I: N= 79, Phase-II: N= 54), subject to sufficient hair to cut and
parent consent. Hair was cut as close to the scalp as possible, at approximately
2 cm below the cranial bone, and the scalp-end of hair strands were marked.
Samples were then shipped to be analyzed at the Dresden LabService
(Technische Universität Dresden, Germany). Hair samples with lengths varying
from 1 to 3 cm were weighted and washed in 2.5mL isopropanol for 3min at
room temperature. After extraction, samples were quantified by high-
performance liquid chromatography–mass spectrometry.35 We did not
observe a significant association between hair mass and cortisol, cortisone,
and DHEA concentrations (see Supplementary Table S1). The minimum
detectable concentrations of cortisol, cortisone, DHEA, progesterone, and
testosterone were 0.53, 0.48, 1.35, 0.97, and 0.52 pg/mg respectively in Phase-I.
Three children had non-detectable levels of DHEA, and 55 and 22 presented
non-detectable levels of testosterone and progesterone, respectively. In Phase-
II, the minimum detectable concentrations of cortisol, cortisone, and DHEA
were 0.89, 4.89, and 0.96 pg/mg. Forty-five children presented non-detectable
levels of testosterone. Thus, due to the small sample of testosterone and
progesterone, these markers were not considered for further analysis.

Measures of early-life adversity
Socioeconomic disadvantage (SES-D). We developed a general index of
socioeconomic disadvantage in Phase-I by including several indicators into
a unidimensional factorial model. Variables retained were those with
significant factor loadings (λ) in the discovery sample such as caregiver’s
education (measured on a 5-point scale; 0= some high school or less to

Table 1. Study sample characteristics.

Variable Phase-I Phase-II p

Summary statistic Summary statistic

Child age in months, M (SD) 24.96 (18.32) 12.83 (8.51) p < 0.001

Child sex

Male 74 (52.1%) 70 (48.3%) 0.578

Female 68 (47.9%) 75 (51.7%)

Ethnicity

Hispanic 76 (53.9%) 45 (31.7%) 0.728

White 42 (29.8%) 69 (48.6%)

Black 13 (9.2%) 18 (12.7%)

Other (Asian, Native Hawaiian, or Pacific Islander) 10 (7.1%) 10 (7.0%)

Family household income

<$15,000 per year 22 (15.5%) 3 (3.1%) p < 0.001

$15,001–$30,000 per year 24 (16.9%) 38 (39.2%)

$30,001–$60,000 per year 30 (21.1%) 12 (12.4%)

$60,001–$90,000 per year 11 (7.7%) 11 (11.3%)

≥$90,001 per year 42 (29.6%) 33 (34.0%)

Maternal education

Some high school or less 29 (20.4%) 27 (19.4%) 0.592

General education diploma or High school diploma 29 (20.4%) 31 (22.3%)

Some college or complete community college 28 (19.0%) 25 (18.0%)

Four-year degree or some graduate school 26 (18.3%) 17 (12.2%)

Master’s degree or higher 26 (18.3%) 39 (28.1%)
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4=Master’s degree or higher, λ=−0.86); family income (measured on a
5-point scale varying from 0= less than $15,000 per year to 4=more than
$90,001 per year, λ=−0.91); caregiver’s perception on how safe their
neighborhood is after dark (varying from 0= completely safe to
4= extremely dangerous, λ= 0.38), maternal job status (unemployed= 0,
employed= 1, λ=−0.41), loss of employment by a member of the family
other than the mother (no= 0, yes= 1, λ= 0.58), parents recent separation
or divorce (no= 0, yes= 1, λ= 0.43). The Cronbach’s alpha for the SES-D
was 0.74 and the factorial fit indices were adequate (χ2= 16.08, df= 9,
p= 0.053, Comparative Fit Index= 0.95, Tucker Lewis index= 0.91, root
mean square error of approximation= 0.07). Other variables that were
tested but did not fit well (non-significant λs or worsened the fit indices) in
the model were: if the caregiver was threatened or harassed and how
often (12.50% less than once a year), family violence or abuse towards the
caregiver or someone close (0.58% in the past 12 months), life-threatening
illness or accidental injury of the caregiver or someone close (3.50% in the
past 12 months), suspension of government funds (1.17% in the past
12 months), numbers of different jobs since pregnancy (M= 0.87,
SD= 0.84), participation in a clinic or community-based service programs
(88.02% never or less than once per week).

Caregiver depression. The short version of the Center for Epidemiological
Studies Depression Scale36 (CESD) was administered to assess symptoms
associated with depression in the caregivers (CESD-8).37 The CESD-8 is
designed to assess depressive symptoms in the general population, more
specifically the affective domain (depressed mood). The CESD-8 contains
eight items assessing different symptoms that are indicators of depressed
affect, positive affect, somatic and reduced activity, and interpersonal
aspects.

Caregiver anxiety. We used the Generalized Anxiety Disorder scale
(GAD-238) to assess the levels of general anxiety in the caregivers. The
GAD-2 scale consists of a self-report questionnaire that is the initial step for
screening generalized anxiety disorder. It includes two items (feeling
nervous, anxious, or on edge; and not being able to stop or control worrying)
in which participants should rate how difficult it was for them to deal with
each symptom (from 0= not at all to 3= nearly every day). Such items are
critical components of anxiety disorders and the scale presented good
sensitivity and specificity for the diagnosis of common anxiety disorders
found in primary care.38

Family dysfunction. The Short General Functioning subscale of the
McMaster Family Assessment Device (FAD39) was used to assess the
family dynamics of the dyads. The FAD is grounded by the McMaster’s
Model of Family Functioning.40 This framework assumes that family actors
must be understood in integration with the rest of the family system,
family structure and transactional patterns are important factors that
influence the behaviors of family members. The FAD is comprised of six
items scored on a 4-point scale (from 1 for strongly agree to 4 for strongly
disagree), that assesses perceived family functioning, with higher scores
indicating worse levels of family functioning.

Data analysis procedures
Biochemical measures were summarized (e.g., mean, median, standard
deviation, and interquartile range) and their distributions investigated.
Cytokines and steroids values were positively skewed and were log10
transformed. Exploratory data analysis was performed using descriptive
statistics, Pearson’s correlations, or analysis of variance for all variables
used in the current study. Biomarkers log10 values were correlated with
child age and sex yielding significant associations (rs ranged from −0.55 to
0.45 for age, and Cohen’s d effect size varied from −0.48 to −0.10 for sex),
and thus we adjusted for these variables with linear regression analysis,
and residuals were used in all further analyses. Body mass index (BMI) was
not significantly associated with the biomarkers. Ethnicity was only
significantly associated with cortisol levels, F (2, 73)= 4.90, p= 0.010,
although it was not significant when included as a covariate in the
regression with the early-life adversity predictors. Study site differences
were also investigated and indicated differences in TNF-α in Phase-I (F
[3,60]= 4.16, p= 0.010), and DHEA in Phase-II (F [2,51]= 14.12, p < 0.001,
see Supplementary Table S2), that were considered a confounder for study
site differences in income (F [3,60]= 66.03, p < 0.001, and F [2,51]= 41.03,
p < 0.001, respectively). We included study site as a covariate for the TNF-α,
but not for DHEA since study site was also not significant when included as
a covariate with the early-life adversity predictors.

One regression was fitted for each children’s biochemical measure in
which the socioeconomic disadvantage index, caregiver’s depression and
anxiety, and family functioning served as predictors. Considering previous
findings41–43 we expected to observe positive associations between the
early-life adversity predictors and the stress response biomarkers, thus we
considered one-sided significance levels for regression parameters and
further adjusted for multiple comparisons using false discovery rate (FDR)
correction. Adjusted significance levels were set at FDR q < 0.05. To ensure
reliability and robustness of regression parameters, we undertook further
analyses to sample composition using 500 bootstrapping with replace-
ment and random resampling. Bootstrapped samples sizes were equal to
the total number of complete cases of each biomarker. Finally, since
interaction effects were previously observed between contextual and
direct adversities,16 we also investigated the interaction of SES-D and FAD
using the caregiver’s CESD-8 and GAD-2 scores as covariates on
biochemical measures. Simple slope analysis was carried out in case of a
significant interaction. Data were analyzed using R.44 The computation of
the SES-D index was performed using the mirt package,45 and simple
slopes for significant interactions were estimated using the reghelper
package.46

RESULTS
Table 2 shows descriptive statistics and correlations for all the
measures considered in both phases of the study. In Phase-I,
higher socioeconomic disadvantage was significantly associated
with higher levels of IL-1β, TNF-α, and DHEA. Higher levels of
family dysfunction were associated with higher levels of cortisol
and cortisone. In general, cytokines were not significantly
associated with steroids except for IL-1β and cortisone
(r=−0.33, p= 0.011). There were no significant correlations
between IL-6, and IL-8 with SES-D, CESD-8, GAD-2, and FAD. In
Phase-II, socioeconomic disadvantage was strongly associated
with DHEA, caregiver depression was positively associated with
cortisone, and higher levels of family dysfunction were associated
with higher levels of IL-8 and lower levels of cortisol.
Phase-I multiple regression analyses showed that young

children exposed to high levels of socioeconomic disadvantage
had higher salivary levels of TNF-α, IL-1β, and hair DHEA after
adjusting for family dysfunction, caregivers’ depression, and
anxiety levels (Fig. 1a–c, respectively). Moreover, higher family
dysfunction scores were found to be significantly associated with
higher hair cortisol and cortisone levels in children, adjusting for
all other factors (see Table 3 and Fig. 1d, e, respectively). These
results were robust to sample composition using 500 boot-
strapping with replacement and random resampling (see Supple-
mentary Table S3). We also investigated if age and sex could
influence the observed results through cross-product interactions.
We did not observe significant interactions of socioeconomic
disadvantage and family dysfunction with age and sex (see
Supplementary Table S4).
A significant interaction effect between socioeconomic dis-

advantage and family dysfunction was observed only on hair
cortisol levels (B=−0.13, p= 0.028). The effect observed for
family dysfunction on cortisol levels changed as a function of
socioeconomic disadvantage (see Fig. 2 for simple slopes).
Children exposed to lower and average levels of socioeconomic
disadvantage showed a significant positive association between
hair cortisol and family dysfunction, whereas children exposed to
high levels of socioeconomic vulnerability showed no significant
association between family dysfunction and hair cortisol levels.
This interaction effect was not significant for other biological
markers (see Supplementary Table S4).
Replication analysis of TNF-α, IL-1β, cortisol, cortisone, and

DHEA associations with socioeconomic disadvantage, caregivers’
depression, and anxiety levels in the Phase-II sample is depicted in
Table 4. Higher levels of socioeconomic disadvantage were also
associated with higher levels of DHEA (B= 0.42, p < 0.001,
Bootstrap CI= 0.23: 0.55, Fig. 3a). Caregiver’s depression levels
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were positively associated with higher hair cortisone in infants but
this association was not significant according to the bootstrapping
procedure (B= 0.07, p= 0.035, Bootstrap CI=−0.01: 0.14, Fig. 3b).
The observed significant negative association between family
dysfunction and cortisol was not significant anymore when
accounting for socioeconomic disadvantage, caregivers’ depres-
sion, and anxiety levels. We did not observe significant interac-
tions of socioeconomic disadvantage and caregiver’s depression
levels with age and sex (see Supplementary Table S4).

DISCUSSION
Socioeconomic gradients in health are well documented across
societies. The association between early-life adversity and
greater risk for physical and mental health impairments in
adulthood is similarly well supported by existing data. Although
the evidence for these persistent disparities is irrefutable, their
underlying pathophysiology remains unclear. Moreover, the
frontiers of twenty-first-century biology indicate that these
robust, population-level correlations obscure the compelling
evidence of differential sensitivity to context, which makes
individual-level predictions highly problematic. The magnitude
of this challenge is underscored by recent analyses of
prospectively collected data on adverse childhood experiences
(ACEs) from two large birth cohorts that found that screening for
ACE scores predicted mean group differences in both physical
and mental health problems but was barely better than chance
in predicting individual risk.47

A wide range of frameworks (both complementary and
mutually exclusive) have been proposed to describe the under-
lying processes of the biological embedding of adversity. Some
have proposed common pathways independent of the source or
type of adverse experience or exposure.46 Others have presented
evidence of differential effects on brain development based on
responses to threat compared to deprivation.9 In this work, the
understanding of early-life adversities and biological responses
was framed as a developmental process, grounded by the
multilevel biopsychosocial dynamic systems (e.g., developmental
systems theory,47 the biological model of human development,48

and Sameroff’s 2010 unified theory of development49). More
specifically the microsystem (where proximal processes occur)—
classically defined as a pattern of activities, social roles, and
interpersonal relations experienced by the developing person in a
given face-to-face setting in the immediate environment48—was
represented by measures concerning caregivers (e.g., mental
health in the form of depression and anxiety), and family
functioning. While distal adversities—which encompasses condi-
tions that more indirectly impact the child9—were represented by
the SES-D index.
Advances in the biology of adversity and resilience are

beginning to unpack the heterogeneity in outcomes by investi-
gating complex interactions among genetic factors, family and
community environments, and developmental timing.4 These
diverse perspectives present a rich agenda for deeper investiga-
tion. The implications for preventive intervention in the early
childhood period are potentially transformative. In both cases,
significant progress will require augmented capacity to measure
key indicators of early biological embedding of adversity in real
time.12,50

This study presents data from two phases of the feasibility study
from The JPB Research Network on Toxic Stress. The HERO project
was created to develop validated measures of stress activation
and resilience in young children which could be incorporated into
pediatric primary care practice. The findings from the initial
feasibility study (Phase-I) show that different sources of early
adversity (distal or and proximal) were associated with
different biological responses (inflammation and HPA axis
activation). Distal adversities—represented by a cumulativeTa
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measure of socioeconomic indicators (e.g., caregiver education,
family income, caregiver perception of neighborhood safety after
dark, maternal job status, loss of employment from a member of
the family other than the mother, and parents recent separation or
divorce)—were associated with elevated levels of two potent pro-
inflammatory cytokines (IL-1β and TNF-α) in saliva,51,52 and
elevated levels of an adrenocortical product from the HPA axis
(DHEA) in hair.53 One form of proximal adversity, family
dysfunction, predicted levels of cortisone and cortisol in children’s
hair samples, two active products of the adrenal cortex.28 We also
observed a significant interaction effect between the socio-
economic disadvantage index and family dysfunction in predict-
ing children’s hair cortisol levels. We did not find evidence of
contextual or proximal adversity effects on children’s levels of IL-6
or IL-8.
In Phase-II, the SES-D measure was also positively associated

with hair DHEA, and a form of proximal adversity (caregiver’s
depression levels) was positively associated with cortisone levels.
We note that the replication of Phase-I findings in Phase-II
deserves caution as samples differed in terms of age and
socioeconomic composition, since timing and duration of
environmental disruptions play an important role in determining
outcomes.1 Nonetheless, we believe that our replication efforts are
a strength of our study, in times of replicability crises.54,55

Environmental influences on children’s physical health and
development, and in particular on the HPA axis, have been well

documented in the literature. Most of the risk factors studied have
involved proximal adversities, such as child abuse or neglect,56,57

family instability and maternal unresponsiveness,58 and poor
attachment.59 Studies that have explored the distinctive impact of
broader contextual adversities (e.g., poverty) on HPA axis
functioning in young children have yielded mixed results.9 For
example, Vliegenthart et al.60 found that a neighborhood-level
socioeconomic status score was significantly associated with hair
cortisol and cortisone, while Ursache et al.61 only observed an
association for parent education but not for family income. It is
important to note that these studies did not simultaneously
consider proximal adversities, including parent mental health or
family function, as covariates in their statistical models.
In terms of pro-inflammatory markers, this study suggests that

distal adversity had a stronger association in comparison with
direct adversities. These results are consistent with a recent meta-
analysis of data from 13 studies, 4 of which involved contextual
adversities with significant associations and 9 of which examined
proximal adversities.3 Most of the significant associations,
reported in five studies, involved extreme forms of direct adversity
such as sexual abuse, maltreatment, other childhood trauma, and
living in a war zone. Results of studies that investigated relatively
less intense forms of proximal adversity, like those considered in
this work, were mixed (two out of four studies reported significant
associations). Given that the reviewed studies were not entirely
comparable, studies that investigated both distal and proximal
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adversities, and their independent effects on children’s inflamma-
tory biomarker levels, are still scarce. Although our findings
present preliminary data on a relatively small sample, they point
to a greater susceptibility to inflammation in children exposed to
an environment with greater socioeconomic disadvantage in the
absence of extreme forms of proximal adversity, like observed in
this community sample (only 0.58% reported extreme forms of
adversity such as family violence).
Data on DHEA are even more scarce in the existing literature.

Exposure to poverty was found to be associated with HPA axis
reactivity (a composite obtained by dividing cortisol by DHEA-
sulfate) in an adolescent sample.62 Another study of children
exposed to maltreatment observed an atypical pattern of DHEA
elevations only if maltreated children exhibited a resilient
behavior phenotype.53 The associations of contextual adversity
with IL-1β, TNF-α, and DHEA could reflect an attempt at DHEA
adaptation to counter the apoptotic activities of pro-inflammatory
cytokines.19 Since DHEA has anti-inflammatory and immunomo-
dulatory effects, these specific results might be portraying an
interrelated DHEA/cytokine biological response to socioeconomic
disadvantage.
Correlations between socioeconomic factors and both family

functioning and caregiver mental health have been documen-
ted extensively. For example, the hardships of poverty can
undermine parents’ capacity to provide a health-promoting
family environment.58 Consistent with previous research by
Johnson et al.,16 where income interacted with attachment style,
our investigation of the moderation of SES-D on FAD yielded a
significant interactive effect in the prediction of hair cortisol
levels in children. This finding indicated that family dysfunction
was positively associated with hair cortisol for children with
lower or average socioeconomic adversity, which is consistent
with the literature examining salivary cortisol in children around
this age.62 However, the interaction also showed that, for
children exposed to an environment with high socioeconomic
disadvantage, family dysfunction was not associated with
cortisol levels. Although the non-significant association forTa
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those high in SES-D may seem contradictory at first, this result
might be related to chronic activation of the HPA axis which
often leads to a blunted cortisol response to stressful stimuli as
reflected in normative down-regulation of the HPA axis
following a sustained period of hyper-responsiveness,63 which
is consistent with the allostatic load model.64 Since the
socioeconomic disadvantage index moderator can be consid-
ered a stable measure, and hair cortisol levels reflect a
measure of chronic HPA axis function,65 the interaction
results might be capturing a subsample of participants with
hypocortisolemia.18,63 One way to test this hypothesis is by
investigating the diurnal variation of salivary cortisol, as
hypocortisolism is related to low cortisol reactivity to an eliciting
stimulus.29 For example, high hair cortisol combined with a
flattened salivary cortisol slope was associated with more
environmental risks.65 Without a dynamic measure of cortisol
that assesses diurnal variation, preferably in the home environ-
ment, it was not possible to test this hypothesis. This interaction
between distal and proximal adversities reveals the importance
of considering dynamic and chronic biomarkers in future studies
on pathophysiological mechanisms of early-life adversities.
The results of the present study illustrate the untapped

potential of continuing advances in the biology of adversity and
resilience and new measurement capacity for informing more
effective preventive health care for young children facing
adversity. Although the American Academy of Pediatrics recom-
mends that primary care providers screen children for exposure to
adverse experiences and provide recommendations for indicated
services,11 there is a compelling need for new measures that
capture individual variation in sensitivity to context to identify
candidates for targeted, well-matched services and establish
baseline indicators for assessing differential intervention effects.
With these goals in mind, a better understanding of how the
immune and HPA axis systems respond differently to distinct risk
factors in early development could help identify physiological
disruptions before overt symptoms appear. Such information
could then guide the provision of tailored management
approaches to reduce later disparities in stress-related diseases
and disabilities.
There are a few limitations of the current study that should be

highlighted. While hair steroids are expected to reflect a
temporal average of HPA axis activation, salivary cytokines have
higher fluctuations due to infections, neurodevelopmental
conditions, and lifestyle influences.3 Although children screened
for premature birth, congenital disorders, previous recent
vaccination, and steroid medication use were excluded from
the study sample, unreported infections may be a confounder.
Another aspect to be considered is that although our samples
were composed of a variety of adversities and markers of both
endocrine and immune function with replication and boot-
strapping for robustness efforts in a difficult to access develop-
mental stage, our sample sizes were relatively small, and
generalizability across ethnic groups, adversities interactions,
and sex requires larger and more diverse samples. A third
limitation is that we could not control for the intertwined,
bidirectional relation between the HPA axis and the immune
system,18 as HPA activity mediates and is mediated by immune
system activity. For example, pro-inflammatory cytokines IL-1β
and IL-6 stimulate corticotropin-releasing hormone, which
triggers a cascade of responses leading to an elevation in
cortisol release from the adrenal cortex. Cortisol, in turn, inhibits
the production of pro-inflammatory cytokines.18,28 The cross-
sectional design of the study is also a limitation for mediation
analyses, and the lack of experimental manipulation precludes
the determination of antecedents and consequents of the HPA
and immune systems bidirectional interactions.
Despite these limitations, the results of this study indicate that

two important biological response systems may react differentlyTa
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to diverse sources of adversity. These preliminary findings
highlight the critical need for deeper investigation into the
biological embedding of hardship and trauma in the early
childhood years to advance our understanding of the pathophy-
siology that link identified sources of adversity to a wide range of
stress-related, chronic conditions well into the adult years. To our
knowledge, this is the first study that investigated different forms
of early adversity and their distinctive biological signatures on
the immune system and HPA axis in children under 5 years
of age.
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