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Abstract
Background: Early detection of and intervention in childhood adversity has powerful potential to improve the
health and well-being of children. A systematic review was conducted to better understand the pediatric health
outcomes associated with childhood adversity.
Methods: PubMed, PsycArticles, and CINAHL were searched for relevant articles. Longitudinal studies examining
various adverse childhood experiences and biological health outcomes occurring prior to age 20 were selected.
Mental and behavioral health outcomes were excluded, as were physical health outcomes that were a direct result
of adversity (i.e. abusive head trauma). Data were extracted and risk of bias was assessed by 2 independent
reviewers.
Results: After identifying 15940 records, 35 studies were included in this review. Selected studies indicated that
exposure to childhood adversity was associated with delays in cognitive development, asthma, infection, somatic
complaints, and sleep disruption. Studies on household dysfunction reported an effect on weight during early
childhood, and studies on maltreatment reported an effect on weight during adolescence. Maternal mental health
issues were associated with elevated cortisol levels, and maltreatment was associated with blunted cortisol levels in
childhood. Furthermore, exposure to childhood adversity was associated with alterations of immune and
inflammatory response and stress-related accelerated telomere erosion.
Conclusion: Childhood adversity affects brain development and multiple body systems, and the physiologic
manifestations can be detectable in childhood. A history of childhood adversity should be considered in the
differential diagnosis of developmental delay, asthma, recurrent infections requiring hospitalization, somatic
complaints, and sleep disruption. The variability in children’s response to adversity suggests complex underlying
mechanisms and poses a challenge in the development of uniform diagnostic guidelines. More large longitudinal
studies are needed to better understand how adversity, its timing and severity, and the presence of individual
genetic, epigenetic, and protective factors affects children’s health and development.
Keywords: Systematic review, Childhood adversity, Pediatric health outcomes, Toxic stress, Adverse childhood
experiences
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Background
Evidence has shown that adversities such as abuse or neglect experienced during childhood can have lifelong consequences by affecting the foundations of health [1–4].
This body of evidence has generated growing attention to
the concept of toxic stress, the chronic or frequent
activation of the stress response from exposure to serious
childhood adversity in the absence of adequate support or
protection from adults [5]. Through a mechanism that is
influenced by genetic, social, and biological factors, exposure to childhood adversity has been linked to the dysregulation of the neuroendocrine immune circuitry, which
results in alterations of brain architecture and other organ
systems during sensitive periods of development [6, 7].
Negative health outcomes that follow later in life reflect
the physiological, epigenetic, and cognitive consequences
that the brain and body pay for adapting to stressful and
traumatic experiences [2, 8].
In one of the earliest studies examining the association
between cumulative childhood adversity and health outcomes, known as the Adverse Childhood Experiences
(ACE) Study, Felitti et al [9] found a dose-response
relationship between ACEs and many leading causes of
death in adults, such as chronic respiratory disease,
stroke, heart disease, cancer, and diabetes. A growing
body of research has since further confirmed that childhood adversity is associated with chronic disease and
early death [10–15]. Hence, early detection and intervention can have a positive, lifelong impact on an
individual’s health and well-being. Current efforts to
address toxic stress in children are limited by gaps in
understanding of the biological response to childhood
adversity, and much of the existing evidence is based on
adult studies with retrospective reports of adversity in
childhood [15–17]. Studies on childhood adversity with
pediatric health outcomes have pointed to an increased
likelihood of physical and developmental health issues in
children exposed to adversity [18–20], but these studies
have been primarily cross-sectional, making it difficult to
determine the temporal relationship between exposure
and outcome. The present systematic review, therefore,
was focused on longitudinal studies in children to better
understand the biological mechanisms linking exposure
to childhood adversity with pediatric health outcomes.
Methods
We followed the PRISMA Statement [21] in the conduct
and reporting of this systematic review.
Data sources

PubMed, PsycArticles, and CINAHL were searched for
the following terms in the title or abstract: (“early life”
OR adolescent OR child OR infant OR youth OR childhood OR prenatal OR “in utero”) AND (divorce OR
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“parental incarceration” or “parental depression” OR
abuse OR neglect OR adversity OR maltreatment OR
“toxic stress” OR “allostatic load” OR “adverse childhood
experience”). Other terms relevant to childhood adversity such as “trauma,” “parental mental health,” and
“parental substance abuse” were not included as search
terms because they were not specific enough to identify
additional relevant articles. The searches were limited to
full-text articles in the English language, published
between January 1, 2001 and December 31, 2015. In
addition, the searches excluded animal studies, case
reports, review articles, and qualitative studies.
Study selection

Title and abstracts were reviewed and nonrelevant records (studies with no exposure to childhood adversity
and/or biological health outcomes) were excluded.
Exposure to childhood adversity was defined as exposure
to 1 or more of the experiences shown in Table 1, which
were derived from the Center for Youth Wellness ACE
Questionnaire (CYW ACE-Q) [22]. The CYW ACE-Q
was designed to be administered to children aged 0–19
years and includes the traditional 10 ACEs from the
ACE Study, as well as additional early life stressors identified by experts and community stakeholders. An adverse exposure in-utero (e.g. maternal drug use) was
part of the original search criteria, but these studies were
subsequently excluded due to conceptual differences in
exposures and outcomes. Biological health outcomes
were defined as objective and specific developmental or
clinical changes in the health of children. Mental and
behavioral health outcomes were excluded, as were direct and immediate physical effects of adverse incidents
(i.e. abusive head trauma).
The first two authors (D.O. and P.J.) evaluated the full
text of the retained records using eligibility criteria shown
in Fig. 1. Subsequently, only records of prospective and
retrospective cohort studies examining child outcomes occurring prior to the age of 20 years were retained. The
retained records were further evaluated using the following inclusion criteria: 1) robust ascertainment of an ACE
exposure, as defined in Table 1; 2) robust ascertainment of
a biological health outcome, excluding general measures
of health, health-related quality of life, and death; 3) exposure measured prior to outcome; and 4) use of an unexposed comparison group. Each study was reviewed by the
2 authors, and disagreements were resolved through discussion. As a final step in study selection, the references
of the selected studies were searched for additional studies
that fit all inclusion criteria.
Data extraction and synthesis

We extracted data on setting, study design, sample size,
sample description, length of follow-up, adverse exposures,
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Table 1 Adverse Childhood Experiences (ACEs), age 0–19 years
Category

Definition

Abuse

Someone pushed, grabbed, slapped or threw something at child or child was hit so hard that she/he was
injured or had marks
Household member swore at, insulted, humiliated, or put down child in a way that scared child or
household member acted in a way that made child afraid that she/he might be physically hurt
Someone touched child’s private parts or asked child to touch that person’s private parts in a sexual way
that was unwanted, against child’s will, or made child feel uncomfortable

Neglect

More than once, child went without food, clothing, a place to live, or had no one to protect her/him

Household dysfunction

Child’s parents or guardians were separated or divorced

Child often felt unsupported, unloved, and/or unprotected

Child saw or heard household members hurt or threaten to hurt each other
Household member was depressed, mentally ill, or attempted suicide
Household member had a problem with drinking or using drugs
Household member served time in jail or prison
Other adversities

Child was separated from primary caregiver through deportation or immigration
Child had a serious medical procedure or life threatening illness
Child experienced harassment or bullying at school
Child experienced verbal or physical abuse or threats from a romantic partner (i.e. boyfriend or girlfriend)
Child often saw or heard violence in the neighborhood or school
Child was detained, arrested, or incarcerated
Child was often treated badly because of race, sexual orientation, place of birth, disability, or religion
Child lived with a parent or guardian who died
Child was in foster care

The categories and definitions were derived from Center for Youth Wellness ACE Questionnaire [22], which was adapted from the original ACE Study [9]

biological health outcomes, and relevant main findings
(Tables 2–3). When both simple and adjusted analyses
were reported, we extracted the findings that adjusted for
covariates and/or confounders. The data were narratively
synthesized and organized by type of biological outcome.
Bias assessment

The first two authors (D.O. and P.J.) independently
assessed the risk of selection bias, information bias, and
confounding for each study using the following 6 questions adapted from Busse and Guyatt’s Tool to Assess
Risk of Bias in Cohort Studies [23]: 1) Was selection of
exposed and nonexposed participants drawn from
similar populations, 2) Was the follow-up adequate (e.g.
percentage of attrition, percentage of missing data and
type of missing data), 3) Can we be confident in the assessment of the exposure(s), 4) Can we be confident in
the assessment of the outcome(s), 5) Did the study
measure and adjust for potential confounding variables
and covariates, 6) Can we be confident in the assessment
of the confounding variables and covariates? The rating
scale ranged from definitely yes (i.e. low risk of bias) to
definitely no (i.e. high risk of bias). Rating disagreements
between the 2 authors were resolved through discussion.
As part of the assessment of potential confounding we

also separately considered whether co-interventions
were similar between the groups (i.e. social services).

Results
After removal of duplicates, 15940 records were identified. Of these, 1179 studies investigated the relationship
between childhood adversities and biological health
outcomes, of which 380 (32%) reported outcomes in
children. A majority of the studies with outcomes in
children used a cross-sectional study design (241 studies,
63%). We identified 97 longitudinal cohort studies in
children, and 24 met our final criteria (see flow diagram
in Fig. 1 for the exclusion criteria). In addition, we identified 11 studies that met all inclusion criteria from the
references section of the selected studies, for a total of
35 studies (Fig. 1).
Bias assessment

The bias assessment synthesis is displayed in Fig. 2. In
77% of the studies, exposed and unexposed participants
were drawn from similar populations, suggesting a low
risk of bias. In regard to adequate follow-up, 68% of the
studies were assessed to have a low or moderately low
risk of bias. The assessments of the exposure and the
outcome were rated as having a low or moderately low
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Fig. 1 Flow diagram of studies included in the systematic review

risk of bias in 94% of the studies. In regard to confounders and covariates, 92% of the studies received a
rating of low or moderately low risk of bias (Fig. 2). In
addition, we observed that the majority of the studies
examining maltreatment and intimate partner violence
did not take into consideration the possible effect of
social services for abused and neglected individuals on
the outcome.

Study characteristics

Of the 35 studies published between 2001 and 2015, 20
were published in 2010 and later. Thirty-three were prospective cohort studies and 2 were retrospective cohort
studies. Half of the studies were conducted in the United
States, and the remaining ones were conducted in 4
other countries. Sample size ranged from 18 to 13907
participants. Six studies examined developmental outcomes (Table 2) and 29 examined clinical outcomes
(Table 3).

Developmental outcomes

Six studies investigated developmental outcomes including
physical, reproductive, and cognitive development. Studies
found that adversity was associated with differences in
height, age at menarche, and cognitive ability (Table 3).
Physical and reproductive development

Studies on physical development showed a weak association between parental divorce or separation and shorter
height, but the association was not always statistically significant. Li et al found that for males whose parents divorced or separated, height was significantly lower at ages
7 and 11 years, but not at age 16 years. For females whose
parents divorced or separated, height was lower on
average at ages 7, 11, and 16 years, but not significantly
lower [24]. Li and Power compared 2 generations of
participants and found that cohort members whose parents divorced or separated were shorter on average, and
offspring were taller on average, but these associations
were not statistically significant [25]. Boynton-Jarrett and
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Table 2 Characteristics of included cohort studies examining the association between childhood adversity and child developmental
outcomes
First author
(year, setting)

Sample
description

Exposuresa

Outcomes

Findings (95% CI)

Boynton-Jarrett
(2012, UK) [26]

Birth cohort,
followed to
age 42 years
(N = 4524)

1 and 2 or more forms of
childhood neglectful
environment (physical neglect,
maladjustment, mental
subnormality in the family,
bullying, contact with social
services), assessed at age 7 years
or at both ages 7 and 11 years

Onset of menarche assessed at
age 16 years, categorized into
early menarche (<= age 11
years), average menarche (age
12–13 years), and late menarche
(=> age 14 years)

1 form of neglectful
environment, OR = 1.21
(1.03–1.43), and 2 or more
forms, OR = 1.76 (1.41–2.20),
were both significantly
associated with late
menarche; neither 1 nor 2 or
more forms were significantly
associated with early
menarche, OR = 0.90
(0.73–1.10) and OR = 1.21
(0.91–1.63), respectively

Enlow (2012,
USA) [27]

Birth cohort,
followed to
age 5 years
(N = 206)

Interpersonal trauma exposure
(physical abuse, psychological
maltreatment, neglect during
age 0–24 month, sexual abuse
during age 24–64 months,
witnessing partner violence
against the mother during age
0–24 or 24–64 months)

Cognitive functioning (mental
and motor development,
intelligence) from 24 months to
96 month of age

Interpersonal trauma
exposure during age 0–24
months was significantly
associated with cognitive
scores, P = .002; there was a
nonsignificant association for
exposure during age 24–64
months, P = .84

Li (2004, UK) [24]

Birth cohort,
followed to
age 33 years
(N = 7697)

Parental separation or divorce by
age 7 years

Male height SD scores at ages 7,
11, and 16 years

Parental separation or divorce
was associated with lower
scores at ages 7, 11 (p < .05),
and 16 years (P = ns)

Parental separation or divorce by
age 7 years

Female height SD scores at ages
7, 11, and 16 years

Parental separation or divorce
was nonsignificantly
associated with lower scores
at ages 7, 11, and 16 years

Li (2004, UK) [25]

7993 birth
cohort
members,
followed to
age 33 years,
and 2462 of
their offspring

Parental separation or divorce by
age 7 years

Height SD scores at age 7 years
for cohort members and at age
4–18 years for offspring

Parental separation or divorce
was nonsignificantly
associated with lower scores
for both cohort members
and offspring

Richards
(2004, UK) [29]

Birth cohort,
followed to
age 53 years
(N = 1339)

Parental divorce or death by age
8 years

Cognitive ability at ages
8 and 15 years

Parental divorce or death was
significantly associated with
lower cognitive ability at
ages 8, P = .05, and 15 years,
P = .001

Strathearn (2001,
Australia) [28]

Birth cohort
(born at <1000
g), followed to
age 4 years
(N = 269)

Referred or substantiated
maltreatment (physical,
emotional, sexual abuse; neglect)
occurring prior to cognitive
assessment

Cognitive delay at age 4 years

Referrals and substantiated
referrals were significantly
associated with cognitive
delay, P < .001 and P = .003,
respectively

All studies were prospective cohort studies
95% CI, 95% confidence interval; OR, odds ratio; SD, standard deviation
a
The nonexposed comparison represents the absence of the examined exposure

Harville examined children who were raised in a neglectful environment (e.g. physical neglect, bullying) and found
that 1 form of neglectful environment (OR = 1.21, 95% CI:
1.03–1.43) and 2 or more forms (OR = 1.76, 95% CI:
1.41–2.20) were both significantly associated with late menarche [26].
Cognitive development

The reviewed studies reported an association between
early adversity and significant delays in cognitive

development. Enlow et al found that interpersonal
trauma exposure during age 0–24 months, but not
during age 24–64 months, was significantly associated
with decreased cognitive scores at 24 to 96 months of
age [27]. Similarly, Strathearn et al found a significant
association between maltreatment and cognitive delay
at age 4 years [28]. Richards and Wadsworth found
that children who experienced parental death or divorce had lower cognitive ability scores at ages 8 and
15 years [29].

Sample description

18 children aged 2 weeks,
followed to age 6 months

72 children aged 14 months,
followed to age 7–8 years

Birth cohort, followed to age
60 months (N = 1595)

169 children aged 5–10 years,
followed for 3 years

3 cohorts of children aged 9,
11, and 13 years at risk for
psychiatric problems,
followed to age 21 years
(N = 1420)

315 children with asthma
and 188 children without
asthma, followed to age 7–10
years

First Author
(year, setting)

Armitage (2009,
USA) [56]

Ashman (2002,
USA) [33]

Boynton-Jarrett
(2010, USA) [46]

Caserta (2008,
USA) [38]

Copeland (2014,
USA) [40]

Dreger (2010,
Canada) [30]

C-reactive protein (CRP) levels at
each assessment between ages 9
and 16 years

Serum cortisol levels at age 7–10
years

Maternal distress (at least 1 physician
diagnosis of a depressive or anxiety
disorder or at least 1 prescription for
antidepressant, anxiolytic, or
hypnotic medication), categorized
into postnatal (first year only), late
(2–7 years of age), or recurrent

Natural killer cell function at each
of the 7 assessments

Parental psychiatric symptoms in the
previous month, ascertained at 7
assessments in 6-month intervals
Bullying in the 3 months prior to
each assessment between ages 9
and 16 years (up to 9 waves)

Number of illnesses and febrile
illnesses in the 1 year following
assessments 1, 3, and 5

Obesity status at age 60 months

Salivary cortisol levels at age
7–8 years

Average sleep time in 24 hours,
sleep distribution (nocturnal vs. day),
nocturnal sleep latency, sleep
efficiency (awakening from sleep),
and number of daytime sleep
episodes, assessed at 2 and 24
weeks

Outcomes

Parental psychiatric symptoms
(including depression, anxiety, and
psychoticism), assessed at the
beginning of each 1-year period

Maternal intimate partner violence
(IPV; physical, sexual, and restrictive
abuse), categorized into early IPV
(reported at baseline and/or the
12-month assessment only); late IPV
(reported at the 36- and/or 60month assessment only); or chronic
IPV (reported both at baseline and/or
the 12-month assessment and at the
36- and/or 60-month assessment)

Maternal depression (assessed
retrospectively when child was aged
14 and 24 months, and 3.5, 4.5, 6.5,
and 7–8 years)

Maternal depression, assessed at
enrollment or within 2 weeks
postpartum

Exposuresa

Table 3 Characteristics of included cohort studies examining the association between childhood adversity and child clinical outcomes

Postnatal and recurrent maternal distress
were significantly associated with higher
cortisol levels, P = .007 and .006,
respectively, but late distress was not,
P = .112; the interaction between asthma
diagnosis and recurrent distress was
significantly associated with lower cortisol

Bullying was not significantly associated
with CRP levels when adjusted for either
CPR-related covariates, P = .22, or
bullying-related covariates, P = .10

Parental psychiatric symptoms were
associated with significantly enhanced
natural killer cell function, P < .01

Parental psychiatric symptoms were
associated with a significantly increased rate
of illness , RR = 1.40 (1.06–1.85), P = .02, as
well as febrile illness, RR = 1.77 (1.00–3.13), P
= .05

Early and late maternal IPV were associated
with a borderline, nonsignificant increase in
risk for obesity, OR = 1.12 (0.67–1.85) and
OR = 1.25 (0.88–1.77), respectively; maternal
chronic IPV was associated with a
significantly higher risk for obesity, OR =
1.80 (1.24–2.61); analyses stratified by sex
indicated a significantly increased risk for
obesity only among females exposed to
maternal chronic IPV, adjusted OR = 2.21
(1.30–3.75), as compared with males,
OR = 1.66 (0.94–2.93)

Maternal depression was nonsignificantly
associated with salivary cortisol levels and
diurnal rhythm of cortisol

Maternal depression was not associated
with significant differences in average sleep
time at 2 or 24 weeks, P < .13, but was
associated with significantly shorter
nocturnal sleep, P = .007, more awakenings
during the night, P < .0001, longer nocturnal
sleep latency, P < .0005, lower sleep
efficiency, P < .0009, and more daytime
sleep episodes of a shorter average
duration, P < .0001

Findings (95% CI)
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Sample description

282 children aged 1 month,
followed to age 4.5 years

805 children aged 4 or 6
years from 5 study sites,
followed to age 12 years

First Author
(year, setting)

Essex (2002,
USA) [31]

Flaherty (2009,
USA) [53]

Somatic complaints at age 12 years
(headaches, nausea, dizziness,
tiredness, eye problems, aches, skin
problems, stomach problems,
vomiting, nightmares, and
constipation)

Somatic complaints at age 12 years
(headaches, nausea, dizziness,
tiredness, eye problems, aches, skin
problems, stomach problems,
vomiting, nightmares, and
constipation)

Number of adversities during the
first 6 years of child's life (assessed at
ages 4 and 6 years) and during the
second 6 years (assessed at ages 8
and 12 years): maltreatment
(psychological maltreatment,
physical abuse, sexual abuse, and
neglect) and household dysfunction
(caregiver substance use/alcohol
abuse, depressive symptoms, being
treated violently; and criminal
behavior in household)

Salivary cortisol levels at age 4.5
years

Outcomes

Number of adversities during the
first 12 years of child's life:
maltreatment (psychological
maltreatment, physical abuse, sexual
abuse, neglect) and household
dysfunction (caregiver substance
use/alcohol abuse, depressive
symptoms, being treated violently;
and criminal behavior in household),
assessed at ages 4, 6, 8, and 12 years

Clinically significant maternal
depression in infancy (ages 1, 4, and
12 months), at age 4.5 years, or in
both periods

distress (first year and 2–4 and/or
5–7 years)

Exposuresa

Adversity, particularly in the second 6 years
of life, was associated with an increased risks
of somatic complaints, but with differential
effects by number of adversities and source
of reporting: 5 or more adversities during
the first 6 years of life were not significantly
associated with child's report of somatic
complaints, but were significantly associated
with caregiver's report, OR = 3.31 (1.08–
10.1), P = .04, and with either child's or
caregiver's report, OR = 2.48 (1.05–5.87),
P = .04; 5 or more adversities during the
second 6 years of life were significantly
associated with caregiver's report, OR = 3.37
(1.14–10.0), P = .03, but not with child's
report of somatic complaints, OR = 0.70
(0.14–3.54), P = .67, or with either child's or

5 or more adversities were not significantly
associated with somatic complaints reported
by child, OR = 1.87 (0.65–5.35), P = .24, but
were significantly associated with somatic
complaints reported by caregiver, OR = 4.26
(1.17–15.5), P = .03, and by either child or
caregiver, OR = 2.72 (1.37–5.42), P = .01;
with the exception of 3/4 adversities
reported by either child or caregiver,
OR = 2.38 (1.02–5.00), P = .04, fewer than 5
or more adversities reported by any source
were not significantly associated with
somatic complaints

Maternal depression in both periods was
associated with marginally significant, higher
cortisol levels, P = .09, in comparison with
no exposure or exposure at age 4.5 years;
the association for exposure in infancy was
not significant

levels, P = .012, in children with asthma,
whereas postnatal and late distress were
not, P = .666 and .345, respectively; among
children without asthma, cortisol levels were
46%, 26%, and 11% higher in children
exposed to postnatal distress, recurrent
distress, and late distress, respectively, P <
.05; among children with asthma, cortisol
levels were 33% higher and 13% lower in
children exposed to postnatal distress and
recurrent distress, respectively, P < .05 (the
predicted change for late distress was near 0%)

Findings (95% CI)

Table 3 Characteristics of included cohort studies examining the association between childhood adversity and child clinical outcomes (Continued)
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Sample description

933 children aged 4 or 6
years from 5 study sites,
followed to age 14 years

95 children aged 7–15 years,
followed for 24 months

Children of 83 mothers with
a history of child abuse and
PTSD, 38 mothers with a
history of child abuse but no
PTSD, and 63 mothers with
no history of child abuse or
PTSD, followed from either
14–28 weeks gestation or
6–8 weeks postpartum to
age 18 months

48 children of mothers with
postnatal depression and 39
children of nondepressed
mothers, followed from age
2 months to 13 years

First Author
(year, setting)

Flaherty
(2013, USA) [54]

Frohlich (2011,
Germany) [49]

Hairston (2011,
USA) [57]

Halligan (2004,
UK) [32]

Maternal postnatal depression,
assessed at age 2 months

8:00 am salivary cortisol levels at age
13 years

Infant sleep at age 4 months
(number and duration of awakenings
per night in the past week, wake
after sleep onset)

Weight change (BMI) between
assessment at 12 months and
assessment at 24 months

Maternal depression, assessed at
baseline

Maternal PTSD, assessed at intake
and at age 4 months

Success vs. failure in weight
reduction between assessment at
baseline and assessment at 24
months

Somatic concerns at age 14 years
(headaches, nausea, dizziness,
tiredness, eye problems, aches, skin
problems, stomach problems,
vomiting, nightmares, and
constipation)

Outcomes

Maternal depression, assessed at
baseline

Number of adversities during ages
0–6 years, 6–12 years, and 13–14
years: maltreatment (psychological
maltreatment, physical abuse, sexual
abuse, and neglect) and household
dysfunction (caregiver’s substance
use/alcohol abuse, depressive
symptoms, being treated violently;
and criminal behavior in household)

Exposuresa

Maternal postnatal depression was
significantly associated with 8:00 am cortisol
levels over and above other factors (mean
cortisol, P < .05; cortisol variability, P < .01)

Maternal PTSD had a borderline,
nonsignificant association with wake after
sleep onset, P = .081, and a nonsignificant
association with number and duration of
awakenings per night in the past week

Psychosocial variables (family adversity
index, maternal depression, and maternal
attachment style) as a group were
significantly predictive of weight change,
P < .027, but maternal depression was not
the best predictor, P = ns

Psychosocial variables (family adversity
index, maternal depression, and maternal
attachment style) as a group were
significantly predictive of weight reduction,
P < .031, and maternal depression was the
best predictor, P < .003

Adversities across all ages had a graded
relationship with somatic concerns: the ORs
for somatic concerns were 4.19 (0.50–34.90),
8.91 (1.15–68.83), and 9.25 (1.25–68.23) for 1,
2, and =>3 adversities, respectively; for
children experiencing adversities during
ages 0–6 years, the ORs for somatic
concerns were 1.90 (0.81–4.47), 1.29
(0.52–3.24), and 2.12 (0.90–5.00) for 1, 2, and
=>3 adversities, respectively; for children
experiencing adversities during ages 6–12
years, the ORs were 1.50 (0.74–3.02), 1. 46
(0.71–3.01), and 1.08 (0.51–2.31) for 1, 2, and
=>3 adversities, respectively; for children
experiencing adversities during ages 13–14
years, the ORs were 1.67 (0.92–3.03), 2.27
(1.13–4.59), and 3.47 (1.61–7.50) for 1, 2, and
=>3 adversities, respectively

caregiver's report, OR = 1.90 (0.73–4.96),
P = .19

Findings (95% CI)

Table 3 Characteristics of included cohort studies examining the association between childhood adversity and child clinical outcomes (Continued)
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Sample description

Birth cohort, followed to age
7 years (N = 13907)

339 sets of twins, followed
from birth to age 3 years
(N = 678)

3845 maltreated children and
2417 nonmaltreated children
(matched on birth year,
region of residence) from
families receiving public
assistance, followed from
birth to age 22 years

First Author
(year, setting)

Kozyrskyj (2008,
Canada) [52]

Lange (2011,
Puerto Rico) [51]

Lanier (2010,
USA) [50]b

First hospital treatment for asthma
episode prior to age 18 years, but
after maltreatment report

Unplanned clinic or emergency
department visit for asthma, use of
oral steroids for asthma, asthma
hospitalizations, and asthma
diagnosis in the previous year, all
assessed at age 3 years

Maternal depressive symptoms;
paternal PTSD, antisocial behavior,
and depression; parental depression
(number of parents with depression),
all within the first year of child's life

Substantiated or unsubstantiated
maltreatment report (neglect, abuse)
prior to age 12 years

Asthma symptoms in the previous 4
weeks and asthma hospitalizations in
the previous year, both assessed at
age 1 year

Asthma at age 7 years (at least 2
physician visits for asthma, 1 asthma
hospitalization, or 2 prescriptions for
any asthma drug in the year after
the child’s seventh birthday)

Outcomes

Maternal depressive symptoms;
paternal PTSD, antisocial behavior,
and depression; parental
depression(number of parents with
depression), all within the first year
of child's life

Maternal distress (physician visits,
hospitalizations, or prescriptions for
depression or anxiety), categorized
into postpartum, short-term (at least
1 episode during year 1 and years 1
to 5 of child’s life), or long-term distress (from child’s birth to age 7
years (at least 1 episode during year
1, years 1 to 5, and years 5 to 7)

Exposuresa

Maltreatment was associated with a
significantly increased risk for first hospital
treatment for asthma, HR = 1.73 (1.47–2.04),
P < .001

None of the exposures was significantly
associated with unplanned clinic or
emergency department visit; only maternal
depressive symptoms were associated with
a significant increase in risk of asthma
diagnosis, OR = 1.13 (1.01–1.27), P = .03, and
a borderline, nonsignificant increase in risk
of asthma hospitalizations, OR = 1.16
(1.00–1.36), P = .05; paternal depression was
associated with a borderline, nonsignificant
increase in risk for use of oral steroids,
OR = 3.03 (0.84–10.97), P = .09; parental
depression was associated with a borderline,
nonsignificant increase in risk of asthma
hospitalizations, OR = 1.86 (0.98–3.56),
P = .06

Paternal PTSD, OR = 1.08 (1.03–1.14),
P = .003, antisocial behavior, OR = 1.09
(1.04–1.15), P < .001, and depression,
OR = 9.95 (1.38–71.59), P = .02, as well as
maternal depressive symptoms, OR = 1.13
(1.02–1.25), P = .02, and parental depression,
OR = 1.70 (1.14–2.53), P = .01, were all
associated with a significant increase in risk
of recent asthma symptoms; maternal
depressive symptoms were associated with
a borderline, nonsignificant increase in risk
for asthma hospitalizations, OR = 1.14 (0.98–
1.33), P = .09; no other exposure was
significantly associated with hospitalizations

Postpartum distress and short-term distress
were not associated with a significant increase in risk of asthma, OR = 1.05 (0.79–
1.41) and OR = 1.00 (0.72–1.37), respectively,
but long-term distress was, OR = 1.25
(1.01–1.55)

Findings (95% CI)

Table 3 Characteristics of included cohort studies examining the association between childhood adversity and child clinical outcomes (Continued)
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Sample description

93 maltreated children aged
4 years from an urban area
and 93 nonmaltreated
children of the same age
from families receiving public
assistance (demographically
matched by gender,
ethnicity, number of adults in
the home, and family history
of public assistance), followed
to age 9 years

103 children aged 9–10 years,
followed for 3 years

Birth cohort, followed to age
17 years (N = 7021)

84 sexually abused females
aged 6–16 years and 89
nonabused females (matched
on age, residing zip codes,
race/ethnicity, predisclosure
SES, family constellation, and

First Author
(year, setting)

Lynch (2015,
USA) [41]

Margolin (2010,
USA) [55]

Morris (2015,
UK) [45]

Noll (2007,
USA) [48]

First hospital treatment for an
infection (e.g. mycosis) prior to age
18 years, but after maltreatment
report

Substantiated or unsubstantiated
maltreatment report (neglect, abuse)
prior to age 12 years

Substantiated sexual abuse within 6
months of participation

Parental separation or death by age
4 years

Parent-to-youth aggression, marital
physical aggression, and community
violence in the previous 12 months,
assessed across 3 waves
approximately 1 year apart

Obesity status in childhood/early
adolescence (age 6–14 years) and in
middle/late adolescence (age 15–19
years)

BMI trajectory from age 4 to 17 years

Somatic complaints assessed at wave
3

Change in respiratory sinus
arrhythmia (RSA) at age 9 years

First hospital treatment for a
nonasthma cardio-respiratory disease
episode (e.g. chronic pharyngitis)
prior to age 18 years, but after
maltreatment report

Substantiated or unsubstantiated
maltreatment report (neglect, abuse)
prior to age 12 years

Documented physical neglect,
physical abuse, sexual abuse, or
emotional maltreatment prior to age
4 years; living in neighborhood
characterized by violent crime (rape,
homicide, aggravated assault, and
robbery) at age 4 years

Outcomes

Exposuresa

Substantiated sexual abuse was associated
with a nonsignificant increase in risk for
obesity during childhood/early adolescence,
OR = 1.25 (0.05–3.00), P = .52, and middle/late
adolescence, OR = 2.03 (0.54–4.60), P = .09

Parental separation was associated with a
BMI that was 1.1% (0.2–2.0) higher at age 4
years, but this diminished by age 9 years
(1.1%, 0–2.2) and further by age 17 years
(0.5%, -1.3 to 2.2); parental death was
associated with lower BMI throughout
childhood and adolescence (insufficient
power to reliably determine associations)

Parent-to-youth aggression was significantly
associated with a slightly increased risk of
experiencing somatic symptoms, RR = 1.03
(1.01–1.05), P < .05, whereas marital physical
aggression and community violence were
not, RR = 1.01 and 1.03 (0.99–1.03 and
0.99–1.08), respectively; analysis of
cumulative violence exposure indicated that
each unit increase on the cumulative
violence exposure index (0–9) was
associated with an increased risk of
experiencing somatic symptoms, RR = 1.12
(1.003–1.24), P < .05

Maltreatment status and neighborhood
crime were not significantly associated with
RSA, P = .66 and .20, respectively; the
interaction between cognitive challenge,
maltreatment, and neighborhood crime was
significantly associated with change in RSA,
P = .01; the interaction between cognitive
challenge, GABRA6 genotype, maltreatment,
and neighborhood crime was significantly
associated with change in RSA, P = .003

Maltreatment was associated with a
significantly increased risk for first hospital
treatment for an infection, HR = 2.09
(1.85–2.36), P < .001

Maltreatment was associated with a
significantly increased risk for first hospital
treatment for nonasthma cardio-respiratory
disease, HR = 2.07 (1.87–2.29), P < .001

Findings (95% CI)

Table 3 Characteristics of included cohort studies examining the association between childhood adversity and child clinical outcomes (Continued)
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30 pairs of 5-year-old identical twins, followed to age 12
years (N = 60), with co-twin
never having experienced
bullying victimization

95 pairs of 5-year-old identical twins, followed to age 12
years (N = 190), with co-twin
never having experienced
childhood maltreatment or
frequent bullying

303 maltreated children aged
9–12 years and 151
nonmaltreated children of
the same age and residing in
the same 10 zip codes,
followed for 4.5 years

38 children aged 4–6 years,
followed to age 9 years

Birth cohort from an urban
area, followed to age 5 years
(N = 1538)

118 pairs of 5-year-old
identical twins, followed to
age 12 years (N = 236); twin
pairs with no violence
exposure were matched on
sex and SES status

266 maltreated females aged
14-17 years and 128 nonmaltreated females (matched on

Ouellet-Morin
(2011, UK) [36]

Peckins (2015,
USA) [34]

Rigterink (2010,
USA) [42]

Schmeer (2012,
USA) [44]

Shalev (2013,
UK) [43]

Shenk (2015,
USA) [47]

other nonsexual trauma),
followed for approximately 7
years

Sample description

Ouellet-Morin
(2011, UK) [35]

First Author
(year, setting)

Telomere length at age 10 years

Obesity (BMI score >=30), assessed
annually

Substantiated maltreatment (physical
abuse, sexual abuse, or physical

Change in overweight/obesity status
between ages 3 and 5 years

Emotion regulation abilities at ages 5
and 9 years, measured via baseline
vagal tone

Cortisol reactivity patterns at waves
2–4

Salivary cortisol levels at age 12 years

Salivary cortisol levels at age 12 years

Outcomes

Violence exposure (domestic
violence, frequent bullying, and
physical maltreatment) in one or
both twins between ages 5 and 10
years

Parental separation or divorce
between ages 3 and 5 years

Domestic violence by husband or
wife in the previous 12 months,
assessed at ages 5 and 9 years

New substantiated referral for any
type of maltreatment (sexual abuse,
physical abuse, emotional abuse, or
neglect) in the month prior to
recruitment

Childhood maltreatment (assessed at
ages 5, 7, 10, and 12 years) or
frequent bullying victimization
(assessed at ages 7, 10, and 12 years)

Bullying victimization experienced at
least occasionally, assessed at ages 7,
10, and 12 years

Exposuresa

Maltreatment was associated with a
significantly increased risk for obesity,
RR = 1.47 (1.03–2.08), P = .034

2 or more types of violence exposure were
significantly associated with accelerated
telomere erosion, P = .015, even when
controlling for poor health and asthma,
P = .028

Parental separation or divorce was
associated with a significantly higher risk of
becoming overweight/obese, RRR = 1.83
(SE = 0.55), p < .05

Husband’s report of own and wife’s
aggression (HDV) at age 5 years was
associated with a significantly smaller
increase in baseline vagal tone from the first
to the second assessment, P = .01, even
when controlling for HDV at age 9 years,
P = .01; wife’s report of own and husband’s
aggression at age 5 years was not
significantly associated with alterations in
baseline vagal tone, P = .57

Maltreatment was significantly associated
with a blunted cortisol profile rather than a
moderate or elevated profile at waves 2 and
3, but not wave 4 (moderate: Wave 2
OR = 0.44, P < .05; Wave 3 OR = 0.41,
P < .01; Wave 4 OR = 0.87, P = ns; elevated:
Wave 2 OR = 0.14, P < .01; Wave 3
OR = 0.31, P < .01; Wave 4 OR = 0.83,
P = ns)

Maltreatment or frequent bullying was
significantly associated with a blunted
cortisol response following a stress test,
P = .005

Bullying victimization was significantly
associated with a blunted cortisol response
after a stress test, P = .02

Findings (95% CI)

Table 3 Characteristics of included cohort studies examining the association between childhood adversity and child clinical outcomes (Continued)
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158 children aged 5–10 years,
followed for 18 months

Wyman (2007,
USA) [37]

Bullying victimization at age 8 years was
associated with a significant increase in risk
of nightmares, OR = 1.23 (1.05–1.44), night
terrors, OR = 1.39 (1.10–1.75), and any
parasomnias, OR = 1.28 (1.11–1.47), but not
sleepwalking, OR = 1.22 (0.99–1.50); bullying
victimization at age 10 years was associated
with a significant increase in risk of
nightmares, OR = 1.62 (1.35–1.94), night
terrors, OR = 1.53 (1.18–1.98), sleepwalking,
OR = 1.40 (1.11–1.76), and any parasomnias,
OR = 1.75 (1.48–2.07); bullying victimization
at both ages 8 and 10 years was associated
with a significant increase in risk of
nightmares, OR = 1.82 (1.46–2.27), night
terrors, OR = 2.01 (1.48–2.74), sleepwalking,
OR = 1.71 (1.31–2.25), and any type of
parasomnia, OR = 2.10 (1.72–2.58)
Parental psychiatric symptoms were associated
with a significantly increased rate of illness, RR
= 1.49 (1.12–1.97), P = .01, but not febrile
illness, RR = 1.60 (0.94–2.73), P = .08
Parental psychiatric symptoms were not
significantly associated with increased
natural killer cell function at the fourth
assessment, P = .13, but were significantly
associated with higher natural killer cell
function at all 4 assessments, P = .01

Parasomnias at age 12 years
(nightmares, night terrors, and
sleepwalking)

Number of illnesses and febrile
illnesses in the 1 year following the
second assessment
Natural killer cell function at the
fourth assessment and at all 4
assessments

Parental psychiatric symptoms
(including depression and anxiety),
ascertained at 4 assessments across
18 months

Repeated or frequent bullying
victimization in the past 6 months,
assessed at age 8 years, age 10 years,
or both

Studies were prospective cohort unless otherwise noted. 95% CI 95% confidence interval, BMI body mass index, HR hazard ratio, PTSD posttraumatic stress disorder, OR odds ratio, RR risk ratio, RRR relative risk ratio,
SES socioeconomic status
a
The nonexposed comparison represents the absence of the examined exposure
b
Retrospective cohort study

Birth cohort, followed to age
12 years (N = 6796)

Wolke (2014,
UK) [58]

Parental depressive symptoms were
associated with increases in children's ECP
levels over time, P = .046, in both children
with asthma and healthy children

Eosinophil cationic protein
concentrations (ECP) at baseline and
follow-up

Parental depressive symptoms
during the past week, assessed at
baseline

Parental depressive symptoms were not
associated with changes over time in IL-4
production, P = .19, in either children with
asthma or healthy children

Findings (95% CI)

Interleukin-4 (IL-4) production at
baseline and follow-up

Outcomes

Parental depressive symptoms
during the past week, assessed at
baseline

neglect) within 12 months prior to
recruitment

age, race, family income, and
single-parent household),
followed for 4 years or until
age 19 years

83 children aged 9–18 years,
50 with asthma and 33
medically healthy, followed
for 6 months

Exposuresa

Sample description

Wolf (2008,
Canada) [39]

First Author
(year, setting)

Table 3 Characteristics of included cohort studies examining the association between childhood adversity and child clinical outcomes (Continued)
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Of the 29 selected studies investigating clinical outcomes, 14 focused on biological markers. Of these
studies, 7 examined markers of endocrine function (cortisol), 4 examined markers of inflammation and immune
function, 2 examined markers of autonomic nervous
function, and 1 examined telomere length. Other clinical
outcomes reported included obesity (6 studies), asthma
(3 studies), infections and illnesses (3 studies), somatic
complaints (3 studies), and sleep (3 studies).

children, suggesting that chronic stress may exert effects
of cytotoxicity on the developing immune system. Wolf
et al found that greater parental depressive symptoms at
baseline predicted increases in children's profiles of
asthma-relevant inflammatory markers (i.e. eosinophil
cationic protein and interleukin-4), in both children with
asthma and controls [39]. In 3 cohorts of children,
Copeland et al did not find an association between bullying or teasing and C-reactive protein levels (a marker of
inflammation in the body) [40].

Biological markers of endocrine function

Biological markers of autonomic nervous function

Studies on cortisol, a stress hormone with a diurnal
pattern of secretion, give insight to the dysregulation of
the stress response in children exposed to adversity. Of
the 7 selected studies that examined cortisol, 4 investigated the effect of maternal mental health on cortisol
secretion and showed that results varied with age of
exposure. Dreger et al found that maternal postnatal and
recurrent distress were significantly associated with
higher midday serum cortisol levels in 7–10-year-olds
[30]. Essex et al assessed children’s afternoon or evening
salivary cortisol levels and found that those who were
exposed to maternal depression both in infancy and at
age 4.5 years had marginally significant, higher cortisol
levels at age 4.5 years than did children never exposed
or exposed only at age 4.5 years. In addition, children
exposed to maternal depression only in infancy did not
have significantly higher cortisol levels [31]. Halligan et
al found that maternal postnatal depression was associated with higher, more variable morning salivary cortisol
in 13-year-old children [32]. Ashman et al compared 7–
8-year-old children of depressed and nondepressed
mothers and found no effect of maternal depression on
salivary cortisol levels or diurnal rhythm of cortisol [33].
In contrast, the 3 studies examining the effect of maltreatment on children’s cortisol production reported
lower cortisol levels in maltreated children. Peckins et al
found that maltreated children were more likely than
nonmaltreated children to have a blunted cortisol profile
rather than a moderate or an elevated profile, but by late
adolescence there was no longer a difference [34]. Two
studies on cortisol response to a psychosocial stress test
in 12-year-old twins indicated that maltreated or
frequently bullied children did not exhibit the expected
increase in cortisol following the stress test [35, 36].

Lynch et al found that the interaction between exposure
to neighborhood crime, exposure to maltreatment, and
children’s genotype was associated with different
patterns of respiratory sinus arrhythmia reactivity, a
measure of the vagal tone indicating the physiological
response of the autonomic nervous system to stress [41].
Rigterink et al found that exposure to domestic violence
was associated with differences in the physiological regulation of emotion—measured as vagal tone—between exposed and nonexposed children, with smaller increases in
baseline vagal tone in exposed children, suggesting a less
adaptive development of regulatory functioning over time
among these children [42].

Clinical outcomes

Biological markers of inflammation and immune function

The reviewed studies indicated alterations of immune
and inflammatory response in children exposed to adversity. In a sample of children exposed to their parents’
psychiatric symptoms, Wyman et al [37] and Caserta et
al [38] found that higher levels of symptoms were associated with enhanced natural killer cell response in

Telomere length

One study investigated the relationship between violence
exposure and telomere length, a marker of cellular age
that also correlates with disease morbidity and mortality.
Shalev et al observed stress-related accelerated telomere
erosion in children who experienced 2 or more types of
violence exposure, providing support for a mechanism
linking cumulative childhood stress to potential lifelong
and transgenerational health impacts [43].
Obesity

Evidence for early adversity influencing weight or body
mass index (BMI) in childhood was mixed, with different
types of adversity resulting in varying outcomes at different ages. Schmeer found that children whose mothers
dissolved a union had an 80% higher risk of becoming
overweight or obese between ages 3 and 5 years, as
compared with children of stable married mothers [44].
Morris et al found that children whose parents had separated had a BMI 1.1% (95% CI: 0.2–2.0) higher at age 4
years in comparison with children whose parents
remained together, but this diminished to 0.5% (95% CI:
-1.3–2.2) by age 17 years [45]. Boynton-Jarrett et al
found that children whose mothers reported chronic intimate partner violence (IPV) were more likely to be
obese at age 5 years than were children whose mothers
reported no IPV (OR = 1.80, 95% CI: 1.24–2.61),
whereas children who were exposed to either early (up

Oh et al. BMC Pediatrics (2018) 18:83
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Armitage et al, 2009[56]
Ashman et al, 2002[33]
Boynton-Jarrett & Harville, 2012[25] *
Boynton-Jarrett et al, 2010[46] *
Caserta et al, 2008[38]
Copeland et al, 2014[40]
Dreger et al, 2010[30]

Definitely yes (low risk of bias)

Enlow et al, 2012[27] *

Probably yes

Essex et al, 2002[31]

Probably no

Flaherty et al, 2009

[53]

Flaherty et al, 2013

[54]

*
*

Definitely no (high risk of bias)
No information/not applicable

Frohlich et al, 2011[49]
Hairston et al, 2011[57] *
Halligan et al, 2004[32]
Kozyrskyj et al, 2008[52]
Lange et al, 2011[51] *
Lanier et al, 2010[50] *
Li and Power, 2004[25]
Li et al, 2004[24]
Lynch et al, 2015[41] *
Margolin et al, 2010[55]
Morris et al, 2016[45]
Noll et al, 2007[48] *
Ouellet-Morin et al, 2011[35] *
Ouellet-Morin et al, 2011[36]
Peckins et al, 2015[34] *
Richards & Wadsworth, 2004[29]
Rigterink et al, 2010[42] *
Schmeer, 2012[44]
Shalev et al, 2013[43] *
Shenk et al, 2015[47] *
Strathearn et al, 2001[28] *
Wolf et al, 2008[39]
Wolke & Lereya, 2014

[58]

Wyman et al, 2007[37]

*In our assessment of adjustment for
confounders/covariates we noted no
consideration for the possible effect of
social services for abused and neglected
individuals on the outcome examined

Fig. 2 Risk of bias in selected studies

to age 12 months) or late (at age 3 and/or 5 years)
maternal IPV did not have a significant increase in risk.
Analyses stratified by sex indicated an increased risk for
obesity only among females exposed to maternal chronic
IPV (OR = 2.21, 95% CI: 1.30–3.75), as compared with
males (OR = 1.66, 95% CI: 0.94–2.93) [46].
Studies on household dysfunction showed an effect on
weight during early childhood, whereas studies on abuse
and neglect reported an effect on weight during adolescence. Shenk et al found that maltreatment significantly

increased the risk for obesity among female adolescents
(RR = 1.47, 95% CI: 1.03–2.08, P = .034) [47]. Noll et al
found a borderline, nonsignificant increase in risk for
obesity during middle/late adolescence (age 15–19 years)
for females who had been sexually abused (OR = 2.03,
95% CI: 0.54–4.60, P = .09); the relationship was not significant during childhood/early adolescence (age 6–14
years) [48].
Childhood adversity also showed an effect on
children’s ability to manage their weight. Frohlich et al

Oh et al. BMC Pediatrics (2018) 18:83

examined weight change among overweight and obese
7–15-year-olds participating in a weight reduction intervention. They found that psychosocial variables—family
adversity, maternal depression, and maternal attachment
style—were significantly predictive of long-term success
in weight reduction [49].
Asthma

Studies reported that children exposed to childhood adversity had an increased risk for asthma. Lanier et al
found that maltreatment significantly increased the risk
for first hospital treatment for asthma (HR = 1.73, 95%
CI: 1.47–2.04, P < .001) [50]. Lange et al found that paternal posttraumatic stress disorder (PTSD; OR = 1.08,
95% CI: 1.03–1.14, P = .003), paternal major depressive
episode (OR = 9.95, 95% CI: 1.38–71.59, P = .02), and
paternal antisocial behavior (OR = 1.09, 95% CI: 1.04–
1.15, P < .001), as well as maternal depressive symptoms
(OR = 1.13, 95% CI: 1.02–1.25, P = .02) and parental depression (OR = 1.70, 95% CI: 1.14–2.53, P = .01) were
associated with recent asthma symptoms at age 1 year.
At age 3 years, maternal depressive symptoms showed a
significant association with asthma diagnosis (OR = 1.13,
95% CI: 1.01–1.27, P = .03) and a borderline, significant
association with hospitalizations for asthma (OR = 1.16,
95% CI: 1.00–1.36, P = .05). Paternal major depressive
episode and parental depression had a borderline, nonsignificant association with oral steroid treatment (OR =
3.03, 95% CI: 0.84–10.97, P = .09) and hospitalizations
for asthma (OR = 1.86, 95% CI: 0.98–3.56, P = .06) [51].
In addition, Kozyrskyj et al found that maternal longterm distress was significantly associated with an increased risk of asthma at age 7 years (OR = 1.25, 95%
CI: 1.01–1.55), but postpartum distress and short-term
distress were not [52].
Infections and illnesses

An increased risk for infection was also reported to be
associated with childhood adversity. Lanier et al found
that maltreatment increased the risk for first hospital
treatment for non-asthma-related cardiorespiratory
disease (e.g. acute respiratory infection; HR = 2.07, 95%
CI: 1.87–2.29, P < .001) as well as other infections (e.g.
mycoses; HR = 2.09, 95% CI: 1.85-2.36, P < .001) [50].
Wyman et al studied a sample of children 5–10 years of
age and found that after 18 months of follow-up, children of parents reporting higher levels of psychiatric
symptoms had more illnesses (RR = 1.49, 95% CI: 1.12–
1.97, P = .01), but not more febrile illnesses (RR = 1.60,
95% CI: 0.94–2.73, P = .08) [37]. At the 3-year followup, Caserta et al found that children of parents reporting
higher levels of psychiatric symptoms continued to
experience more illnesses (RR = 1.40, 95% CI: 1.06–1.85,
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P = .02), but they also experienced more febrile illnesses
(RR = 1.77, 95% CI: 1.00–3.13, P = .05) [38].
Somatic complaints

The relationship between childhood adversity and
somatic complaints (i.e. common physical complaints of
uncertain origin such as headaches and nausea) varied
by number and types of adversities. Flaherty et al found
that experiencing 5 or more adversities during childhood
was not associated with child somatic complaints reported by the child at age 12 years, but was associated
with child somatic complaints reported by the caregiver
(OR = 4.26, 95% CI: 1.17–15.5, P = .03) [53]. In a subsequent study, Flaherty et al examined somatic concerns
reported at age 14 years and found a graded relationship between exposure to adversity across all ages
and child somatic concerns reported by the caregiver;
ORs (95% CI) for somatic concerns were 4.19 (0.50–
34.90), 8.91 (1.15–68.83), and 9.25 (1.25–68.23) for 1,
2, and ≥3 adversities, respectively [54]. Margolin et al
found that parent-to-youth aggression was significantly associated with a slightly increased risk of experiencing somatic symptoms (RR = 1.03, 95% CI:
1.01–1.05, P < .05), whereas marital physical aggression and community violence were not (RR = 1.01,
95% CI: 0.99–1.03 and RR = 1.03, 95% CI: 0.99–1.08,
respectively) [55].
Sleep

Childhood adversity was also shown to affect children’s sleep. In a study on the effect of maternal depression on infant sleep, Armitage et al found that
average sleep time in 24 hours did not differ between
children of depressed and nondepressed mothers at 2
or 24 weeks, but nocturnal sleep was 97 min longer
among children of nondepressed mothers at both 2
and 24 weeks, and these children had fewer awakenings during the night than did children of depressed
mothers [56]. In examining the effect of maternal
PTSD on infant sleep, Hairston et al. found a marginally significant association for infant waking after
sleep onset and a nonsignificant association for
amount of time awake during the night [57]. Wolke
and Lereya found that bullying victimization at both
ages 8 and 10 years was associated with nightmares
(OR = 1.82, 95% CI: 1.46–2.27), night terrors (OR =
2.01, 95% CI: 1.48–2.74), sleepwalking (OR = 1.71,
95% CI: 1.31–2.25), and any type of parasomnia (OR
= 2.10, 95% CI: 1.72–2.58) at age 12 years [58].

Discussion
To date, the majority of scientific inquiry on childhood
adversity and biological health outcomes has focused on
adult outcomes. Furthermore, most pediatric studies
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have been cross-sectional in nature, making it difficult
to determine the temporal relationship between exposures to adversity and biological health outcomes. This
systematic review synthesized the longitudinal evidence
on childhood adversity and pediatric health outcomes to
help provide insight into the link between early manifestations of a dysregulated stress response and biological
health outcomes. Outcomes identified represent a range
of conditions, which reflects the multiple systems impacted by a chronically dysregulated stress response in
childhood. We observed great variability in the results of
the longitudinal studies included in this review, suggesting that it is critical to consider both the nature of the
adversity and the individual characteristics of the exposed child.
The evidence from the selected longitudinal studies on
cognitive delays, asthma, infections, somatic complaints,
and sleep disruptions revealed associations between
childhood adversity and increased risk of these conditions; this evidence adds to that from other nonlongitudinal studies in children [59–68]. This review also
revealed mixed results related to obesity and physical development, with variability by age, sex, and exposure
type. The variable findings may be due to bias related to
loss to follow-up; however, genetic and environmental
factors also may have influenced the heterogeneous response to childhood adversity [69–74]. Though a minority of the studies in this review focused on biomarkers,
the growth of research and technology in this domain
will help elucidate the biological mechanisms underlying
the relationship between childhood adversity and health
outcomes. Studies on cortisol included in this review
used different sources (e.g. saliva, blood) and times of
measurement, making it difficult to compare results
across studies. In addition, the diverse effects of adversity observed on cortisol secretion may have been due to
participant group differences and loss to follow-up.
Nonetheless, the selected studies pointed to both
elevated and blunted cortisol profiles, which might be
indicative of a spectrum of responses that ranges from
an initial increased activation of the stress response to a
depletion of cortisol secretion over time, both of which
can be detrimental to a child’s developing body [75, 76].
The reviewed studies also reported altered profiles of
markers of inflammatory, immune, and autonomic nervous system functions, and epigenetic factors, highlighting the complexity of the biological response to
adversity. It should be noted that, in general, the effect
sizes reported across the various studies were small,
which could be an accurate reflection of the small differences adversity exerts on the childhood outcomes we
captured in this review or it could be an indication of
methodological issues such as measurement or
confounding.
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Strengths and limitations

This systematic review’s strengths include a wide publication window and a variety of search terms to capture
studies on adversity. Limitations include exclusion of
non-full-text and nonjournal publications, publication
bias, and use of only 3 databases. We also did not contact authors for additional data or clarification. Another
limitation is that definitions used for childhood adversity
in the literature vary, making it challenging to perform a
search to identify all sources of adversity. Furthermore,
although most of the studies in this review examined
more than one childhood adversity and some examined
cumulative adversity, we did not explicitly focus on polyvictimization in our search, selection processes, or synthesis. Moreover, because the goal of this review was to
broadly investigate relationships between a wide variety
of adversities and health outcomes, we did not examine
timing or severity of each individual type of adversity.
Polyvictimization, timing, and severity are important
aspects of childhood adversity [18, 77], and future
studies in these areas may give insight to the complex
mechanisms underlying the dysregulation of the stress
response.

Conclusions
This systematic review adds to the growing evidence on
the relationship between childhood adversity and children’s health. In particular, this review provides support
for two important concepts:
1. Childhood adversity affects brain development and
multiple body systems, and the physiologic
manifestations are detectable in childhood. Although
pediatricians can often recognize the behavioral
signs associated with exposure to adversity [78], the
evidence from this review suggests that pediatricians
should also consider such exposure when evaluating
the differential diagnosis of pediatric conditions such
as developmental delay, asthma, somatic complaints,
recurrent infections requiring hospitalization, and
sleep disruption, which were found to be
consistently associated with adversity in the selected
studies. Although clinical diagnostic guidelines for
detecting a toxic stress response in children do not
yet exist, these conditions might provide part of the
basis for the development of such guidelines.
2. The variability in children’s response to adversity
suggests complex underlying mechanisms, including
the timing and severity of adversity, the experience of
cumulative adversity, and the presence of protective
factors (i.e. resilience, genetic and epigenetic
constitution, individual socioeconomic status) that
mitigate or exacerbate the impact of the exposure.
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This variability poses a challenge for the development
of uniform diagnostic guidelines [79, 80].
Screening for exposure to childhood adversity, protective factors, and impacts of a toxic stress response could
be the first step in providing targeted support for children at risk and their caregivers. In addition to screening, the American Academy of Pediatrics and other child
health experts have also recommended strategies such as
integrating behavioral healthcare into the pediatric
home, offering parental support, providing peer-based
education, and identifying community resources to help
enhance resilience and mitigate the downstream effects
of childhood adversity [81–88].
This systematic review provides a foundation for future research on the longitudinal relationship between
childhood adversity and biological health outcomes.
Future studies should examine in detail the findings we
observed, taking into consideration timing and severity
of adversity, the experience of cumulative adversity, and
the presence of protective factors. This may be especially
critical for outcomes for which we found mixed results,
such as with physical development, obesity, and cortisol
secretion. In addition, more large longitudinal studies
are needed to develop a greater understanding of the
causal pathways from exposure to childhood adversity to
disease risk, to help the pediatric community develop
services and interventions, identify protective factors,
and prevent long-term negative health outcomes.
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