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Abstract

This study provides a comprehensive review of the published research on the association between 

early life adversity and markers of inflammation in children and adolescents. We conducted a 

systematic review of the published literature on the association between early life adversity and 

markers of inflammation in pediatric populations. To date, 27 studies have been published in this 

area representing a wide range of global populations and diverse methods of which nearly half 

were prospective, longitudinal studies. Of these 27, only 12 studies shared an inflammatory 

outcome with 4 or more other studies; 9 for CRP, and 6 for IL-6. The association between early 

life adversity and both CRP, z = .07 [.04, .10], and IL-6, z = .17 [−.07, .42], were small and only 

significant for CRP although comparable in magnitude to the effects observed in adult samples. 

Descriptively, the association between early life adversity and CRP appeared to be stronger in 

studies conducted in infants and adolescents compared with middle childhood. There was minimal 

evidence of publication bias for studies measuring CRP, but evidence of publication bias for 

studies using IL-6. Eight studies have looked at the association between early life adversity and 

stimulated inflammatory cytokines in vitro, and both the methods and results of these studies were 

mixed; the majority observed exaggerated production of inflammatory cytokines despite mixed 

methodological approaches that make comparisons across studies difficult. In summary, the 

evidence supporting an association between early life adversity and inflammation in pediatric 

samples is limited so far by the number of studies and their heterogeneous methodological 

approaches. More research that is grounded in a developmental framework and informed by the 

complexity of the innate immune system is needed in this area.
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1. Introduction

Approximately 12% of youth, from infancy to age 18, will be exposed to early life adversity 

to such an extent that they will experience lifelong mental and physical health disparities 

(Felitti et al., 1998; Kalmakis and Chandler, 2015). Early life adversity encompasses abuse 

by a caregiver, parent psychopathology, poverty, parent separation, household dysfunction, 

natural disasters, assault, and other unpredictable, potentially traumatic events (Felitti et al., 

1998; Kessler et al., 2010; Kuhlman et al., 2018b). This minority of youth will account for 

nearly half of all psychiatric disorders (Kessler et al., 2010), experience at least a 44% 

increase in heart attacks and strokes (Korkeila et al., 2010), and an increased risk of all-

cause mortality by age 50 (Chen et al., 2016; Kelly-Irving et al., 2013). Yet, the 

developmental pathways through which early life adversity places youth on a trajectory of 

lifelong health disparity is not well understood, thus impeding prevention and the 

development of targeted interventions that could mitigate these lifelong sequelae. One 

pathway through which early life adversity may presage lifelong psychiatric and 

cardiovascular health disparities is through alterations to the immune system, particularly by 

increasing inflammation. The purpose of this review was to synthesize the published 

research on the association between early life adversity and markers of inflammation 

measured during childhood and adolescence.

One hypothesized pathway through which early life adversity may lead to these health 

disparities is through alterations to the innate immune system, which is responsible for 

inflammation or the body’s initial defense against pathogens and tissue injury. In the short 

term, inflammation is protective against a wide range of bacterial and viral infections (See 

Mogensen, 2009 for review). However, chronic inflammation can also contribute to the 

pathogenesis of other diseases. For example, inflammation reorganizes human behavior to 

promote healing and recovery, which can mimic the behavioral phenotype observed in 

depression (Dantzer et al., 2008; Eisenberger et al., 2010), and has been prospectively linked 

to the pathogenesis of depression (Gimeno et al., 2009; Miller and Raison, 2016). This 

phenomenon has been the topic of investigation for the past three decades (Dantzer and 

Kelley, 2007). Chronic inflammation is also a well-established biological marker of 

cardiovascular disease risk (Koenig et al., 1999; Ridker, 2003; Ridker et al., 1997), has been 

implicated in the development and progression of cancer (Harris, 2007; Harris et al., 2014), 

and can lead to a number of serious health conditions commonly observed in older adults 

(Franceschi and Campisi, 2014).

There are several methods of assessing inflammatory activity. The most common is to 

measure circulating concentrations of inflammatory cytokines and markers of inflammation 

under resting/basal conditions in peripheral tissues (plasma, serum, dried blood spots, and 

saliva). This approach provides an index of the amount of inflammatory signaling occurring 

in the body at any given time. Another approach is to stimulate immune cells in vitro with 
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bacterial agents, such as lipopolysaccharide (LPS), or other antigens that activate 

inflammatory processes. In this method, the amount of pathogen exposure in vitro is tightly 

controlled, and provides an index of the phenotypic potential for inflammatory reactivity 

within an individual’s immune system.

The association between early life adversity and markers of inflammation in adulthood is 

well-established (Baumeister et al., 2016; Danese et al., 2009, 2007; Matthews et al., 2014). 

Indeed, a meta-analysis of the 25 studies investigating the association between childhood 

trauma exposure and circulating inflammatory markers in adulthood was published only 2 

years ago showing small, yet significant, effect sizes overall; z = 0.10 for CRP, z = 0.08 for 

IL-6, and z = 0.23 for TNF-α (Baumeister et al., 2016). Yet, it remains unclear whether 

relatively healthy youth exposed to early life adversity exhibit a similar exaggerated 

inflammatory profile to that observed in adults (Slopen et al., 2012).

Inflammation is carefully regulated throughout childhood and adolescence, and accumulates 

with age through biological aging, behavioral, psychosocial, and environmental pathways 

that impede effective regulation (Franceschi and Campisi, 2014; Miller et al., 2011). Thus, it 

is possible that the association between adversity exposure and inflammatory biomarkers 

does not emerge before adulthood or may be masked by regulatory processes. That being 

said, if inflammation is a pathway through which early life adversity contributes to lifelong 

health disparities, identifying the earliest signs of this pathway will allow early detection of 

those at greatest risk.

In the present study, we conducted a systematic review of the published literature on the 

association between early life adversity and inflammation in pediatric populations (ages 

birth to 18 years) with particular interest in characterizing the methodological landscape of 

the field to date; a meta-analysis of the studies that have indexed inflammation using 

circulating CRP and IL-6; and a qualitative analysis of studies looking at inflammatory 

responses of immune cells following in vitro stimulation. We hypothesized that youth 

exposed to early life adversity would demonstrate greater circulating markers of 

inflammation, and an emerging pro-inflammatory phenotype as measured in vitro by 

stimulated production of inflammatory cytokines.

2. Methods

2.1. Search strategy and inclusion criteria

The literature reviewed and subjected to systematic review and meta-analytic analyses 

represent a subset of published articles identified for a larger project within our research 

laboratory (Horn et al., 2017; Kuhlman et al., 2017). For the larger project, we conducted a 

systematic review of the literature on early life adversity and peripheral physiological stress 

systems using the PUBMED database according to the guidelines established in the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et 

al., 2009). We identified relevant studies conducted in humans using cross-referenced search 

terms related to adversity (i.e., “child adversity”, “child trauma”, “child maltreatment”, 

“early life stress”, “child poverty”, “early life adversity”, “childhood socioeconomic status”) 

with search terms related to functioning of the HPA-axis or inflammatory arm of the 
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immune system (i.e., “inflammation”, “inflammatory”, “innate immunity”, “cytokine”, 

“interleukin”, “cortisol”, “neuroendocrine”, “HPA-axis”). All duplicate articles were 

removed. Eligibility for article inclusion in the larger project was independently determined 

by two members of the research staff. Reliability for inclusion across raters was good, α = 

0.88, and articles where raters were discrepant on inclusion were reviewed individually by 

the first author to determine eligibility. Criteria for inclusion were full peer-reviewed journal 

articles, available in English, which examined the association between exposure to adversity 

during childhood and functioning of either the hypothalamic-pituitary-adrenal (HPA)-axis or 

the inflammatory arm of the immune system. Articles that were relevant to the scope of the 

project but had used non-human animals, were reviews, or were retracted were excluded.

For each article, pertinent methodological details regarding the sample, study design, 

measurement of early life adversity, and measurement of the biological marker were 

extracted by trained research assistants. Data extracted from each article included: year of 

publication, journal of publication, study design (longitudinal or cross-sectional), sample 

size, the percent of participants that were female, percent of participants that were 

Caucasian, whether the study excluded participants for taking steroid or anti-depressant 

medication, the early life adversity measure used, the mean age of the sample at the time of 

the early life adversity assessment, whether early life adversity was assessed retrospectively, 

who reported the early life adversity exposure (caregiver, victim, 3rd party), the method of 

assessing early life adversity (self-report questionnaire, clinical interview, record review), 

whether the biological outcome was related to the HPA-axis or inflammation, the type of 

tissue used to measure the biomarker (blood, saliva, hair, urine), the mean age of the sample 

at the biomarker assessment, and whether the study looked at functioning of these 

physiological systems under resting/basal conditions or following a stressor/stimulation.

Articles from this larger database selected for inclusion in the present systematic review and 

meta-analysis were those studies looking specifically at the association between early life 

adversity and 1) a marker of inflammatory function that was 2) measured during childhood 

or adolescence. Given the nascent state of this field, inflammatory function was broadly 

defined and in some cases included markers that are non-specifically linked to both innate 

and adaptive immune function. For each of these included articles, two of the authors 

extracted which cytokines were measured in the study, the reported association between 

early life adversity and each inflammatory marker, and the covariates included in the models 

used to compute these associations. If results were reported by stratified groups, such as by 

sex or presence of a physical or mental illness, the coefficient for each group was recorded. 

Relevant tests of this association are Pearson correlations (r), t-tests (t), F-tests (F), odds 

ratios (OR), Cohen’s Ds (d), standardized betas (ß), unstandardized betas (b), Mann Whitney 

U (z), or mean differences between groups. If multiple statistics could be extracted from the 

manuscript, a statistic reflecting the association between ELS and the inflammatory marker 

corrected for known confounds, such as BMI, was preferred and the covariates noted over an 

uncorrected coefficient. The effect size extracted from the article and the test used to 

compute it was recorded by two authors. Discrepancies between authors were discussed 

until a consensus was reached. For articles where the association between early life adversity 

and the study’s chosen inflammatory marker were not clear or complete, the corresponding 
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author of that manuscript was emailed to provide the pertinent information or to clarify the 

details of the model presented in the published article.

2.2. Meta-analysis

Meta-analyses were conducted separately for any inflammatory biomarker with 5 or more 

studies. This only applied to two inflammatory markers: C-reactive protein (CRP) and 

interleukin-6 (IL-6). To conduct our meta-analysis, we employed a random-effects model, 

which is a more conservative meta-analytic approach that accounts for within- and between-

study variation. Random-effects models assume a distribution of effect sizes across studies 

and produce wider confidence intervals compared to the fixed-model approach (Egger et al., 

1997; Hedges and Vevea, 1998). All effect sizes were transformed to r-values, with positive 

r-values signifying a positive relationship between early life adversity and the inflammatory 

marker. R-values are comparable across studies with different designs (e.g., predictor type) 

and were easily computable from information extracted from the manuscripts. In the event 

that studies stratified results by group (e.g., sex, weight), the results were treated as separate 

analyses. The metafor and user-friendlyscience packages on RStudio 1.0.136 were utilized 

to compute and aggregate effect sizes. All results are reported as Fisher’s r-to-z transformed 

correlation coefficients.

The Q and I2 statistics were calculated to assess heterogeneity among effect sizes. The Q 
statistic, distributed as χ2, specifies if variability among study outcomes is large enough to 

reject the null hypothesis that they are drawn from a common population. The I2 value 

describes the percentage of variation across studies due to heterogeneity. Moderator analyses 

were conducted if there was evidence of statistically significant heterogeneity (Higgins and 

Thompson, 2002). The following moderators were evaluated: 1) average age of participants 

at the time of the inflammatory measure (i.e., infancy = 0–2 years, childhood = age 3 to 9, 

late childhood/adolescent = 10 years of age or older) (Canadian Paediatric Society, 2003), 2) 

statistical adjustment for body mass index or waist circumference, 3) statistical adjustment 

for sex, 4) statistical adjustment for age, 5) tissue type (inflammatory marker measured in 

blood, or saliva, 6) type of early life adversity measure (self-report, clinical interview, record 

review), and 7) reporter of early life adversity (i.e., victim or caregiver/third party). See 

O’Connor and colleagues (2009) for a review on why moderators such as BMI, sex, and age 

should be considered in studies of inflammatory markers.

Forest plots were created to display the effect sizes for each study included in the meta-

analysis with associated 95%CIs. To explore potential publication bias, funnel plots that 

illustrate the distribution of effect sizes by their standard error were created (Sterne and 

Egger, 2001). Studies falling outside the funnels depicting increasing magnitude effect sizes 

with decreasing standard errors are considered evidence of publication bias (Sterne and 

Egger, 2001).

3. Results

We identified 27 published, empirical studies that examined the association between early 

life adversity and an inflammatory marker in pediatric samples. Fig. 1 contains the PRISMA 
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diagram depicting the article selection process that resulted in these 27 studies published 

between 1995 and 2018.

First, we provide descriptive analysis of the 27 studies identified in our systematic review. 

Table 1 provides descriptive characteristics of these 27 studies. This information is organized 

into information pertaining to the sample, assessment of early life adversity, and 

measurement of the inflammatory biomarker. Despite the somewhat small number of studies 

published in this area, they reflect a wide range of methodologies, in diverse samples across 

the globe. First, these studies used samples that ranged from 27 to 2232 participants in youth 

from birth to age 19 and represented multiple ethnic groups. Notably, almost half used a 

prospective longitudinal design, where early life adversity was measured before the 

inflammatory markers; and one third of studies reported that participants were excluded 

from participating for steroid or antidepressant medication use.

Early life adversity was measured using a number of methods in these studies. Given that the 

vast majority of studies in adult samples use retrospective self-report of early life adversity, 

it is notable that only 41% of studies used retrospective reports of adversity, and 37% of 

studies used victim reported adversity exposure. The remaining studies used adversity 

exposure that was reported by a caregiver, a third party, or used multiple informants. The 

distribution of methods used to assess early life adversity was similarly varied such that the 

most common method was via a questionnaire, yet this only accounted for 48% of studies. A 

similarly large proportion of studies used clinical interviews or third party record reviews.

The inflammatory biomarkers measured were heterogeneous across these studies, including 

studies of both circulating and stimulated cytokines. The most commonly measured 

inflammatory markers were IL-6 (n = 7), TNF-α (n = 2), CRP (n = 9), IFN-γ (n = 1), IL-10 

(n = 2), and IL-1β (n = 3). To avoid spurious results, only studies examining CRP and IL-6 

were subjected to meta-analysis because they have been examined in 5 or more studies. 

Finally, 1/3 of the studies also reported measures of neuroendocrine functioning, such as 

salivary cortisol or glucocorticoid receptor sensitivity.

3.1. Early life adversity and inflammation using circulating markers

Table 2 summarizes the studies measuring any circulating markers of inflammation, their 

methods, and results. A total of 12 studies, with k = 19 analyses, were included in the meta-

analysis. Nine studies examined associations between early life adversity and CRP (Baldwin 

et al., 2018; Chen et al., 2013; Cicchetti et al., 2015; David et al., 2017; Goosby et al., 2015; 

Hadley and Decaro, 2014; Miller and Cole, 2012; Tyrka et al., 2015; Walsh et al., 2016) and 

six examined associations between early life adversity and IL-6 (Bücker et al., 2015; Chen et 

al., 2013; Kılıç et al., 2017; Miller and Chen, 2010; Miller and Cole, 2012; Riis et al., 2016; 

Walsh et al., 2016).

C-reactive protein.—A total of 9 studies, representing data from 4692 youth, with k = 12 

analyses, were included in the meta-analysis between CRP and early life adversity. Five of 

these studies examined multiple types of adversity (i.e., physical and sexual abuse, 

emotional abuse, neglect, family psychopathology, domestic violence, bullying, low SES, or 

parental separation). One study examined discrimination and three studies examined 

Kuhlman et al. Page 6

Brain Behav Immun. Author manuscript; available in PMC 2021 June 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



socioeconomic or poverty status. One study (David et al., 2017) examined two separate 

types of ELS (SES and maternal stress) and both analyses were included1. The aggregated 

effect size was small but significant, z = .07, SE = .02, 95%CI = .04 – .10, p < .0001. Little 

heterogeneity was observed, Q(df = 11) = 13.52, p = .26, I2 = 0.10% suggesting no 

moderators of this effect. There was no evidence of publication. Fig. 2 depicts the forest plot 

of studies looking at early life adversity sorted by the average participant age at the time of 

the CRP assessment and CRP and Fig. 3 depicts the funnel plot illustrating minimal 

publication bias across these studies.

Moderators of the association between early life adversity and CRP.—All 

proposed moderators were explored. Type of trauma exposure, reporter of trauma, tissue 

type, age of participant, and statistical adjustment for age, sex, and BMI were all non-

significant moderators. However, the moderation analyses revealed a qualitatively interesting 

pattern of results by age that this analysis is likely underpowered to detect given the small 

sample size, QM = 1.43, p = 23. Specifically, the association between adversity and CRP 

appears to be significant and positive during infancy and adolescence, z = 0.33, SE = 0.10, p 
= .002, 95%CI[0.13,0.54] and z = .07, SE = .02, p = .0004, 95%CI[.03, .10] respectively, 

and non-significant during early childhood, z = .06, SE = .05, p = .28, 95%CI[−.05, .16]. 

Fig. 4 uses a violin plot to illustrate the association between adversity and CRP by age 

group.

Interleukin-6.—A total of 6 studies, representing data from 522 youth, with k = 7 analyses, 

were included in the meta-analysis between early life adversity and IL-6. Fig. 5 depicts a 

forest plot of studies looking at early life adversity and IL-6 sorted by the average participant 

age at the time of the IL-6 assessment. Three studies examined multiple types of adversity 

(e.g., index trauma, parental separation, SES, family psychopathology, physical, sexual, and 

emotional abuse, neglect). Two studies examined family dynamics (i.e., parenting stress and 

harsh family environment), one study examined low SES, and one study examined sexual 

abuse. The aggregated effect size was non-significant, z = .17, SE = .12, 95%CI[−.07, .42], p 
= .16. High levels of heterogeneity were observed, Q (df = 6) = 46.12, p < .0001, I2 = 

90.57%, suggesting that there may be important moderators to consider in this effect. There 

was some evidence of publication bias. Fig. 6 depicts the funnel plot illustrating publication 

bias in studies reporting IL-6 outcomes.

Moderators of the association between early life adversity and IL-6.—All 

proposed moderators were explored given the high degree of heterogeneity observed. All 

moderators were non-significant (i.e., age of participant, statistical adjustment for age, sex, 

and BMI, type of trauma exposure, and tissue type), with the exception of reporter of 

trauma, QM = 35.48, p < .0001, r = .43 (SE = .07), 95%CI[.29, .58]. Specifically, in studies 

where the ELS reporter was the victim (k = 4) the association between ELS and IL-6 was 

non-significant, z = −.05, SE = .06, p = .49, 95%CI = −.16 – .07, while when the reporter 

was the caregiver (k = 2) or a third party (k = 1) the association was positive, z = .39, SE 

1The RE model was also run with only one of the analyses (SES and CRP) from David et al., 2017. The effect size was did not change 
meaningfully.
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= .07, p < .0001, 95%CI = .25 – .51 and z = .86, SE = .20, p < .0001, 95%CI = .46 – 1.26, 

respectively.

3.2. Early life adversity and inflammation using stimulated cytokine production

We identified 8 studies that have investigated the association between early life adversity and 

inflammatory processes using stimulated cytokine production in vitro with mixed results 

(Ayaydin et al., 2016; Azad et al., 2012; Chen et al., 2003, 2017; Ehrlich et al., 2016; Miller 

and Chen, 2010; Ramratnam et al., 2017; Wright et al., 2004). These studies could not be 

subjected to meta-analysis due to the significant heterogeneity across studies in the immune 

cells stimulated, stimulants used, and cytokines measured. Table 3 summarizes each of these 

studies, their methods, and results. Of the 8 studies published in this area, 6 observed a 

positive association between early adversity and at least one measure of in vitro production 

of inflammatory cytokines (Azad et al., 2012; Chen et al., 2017, 2003; Ehrlich et al., 2016; 

Miller and Chen, 2010; Wright et al., 2004), while three studies observed negative 

associations between early adversity and in vitro production of pro-inflammatory cytokines 

(Ayaydin et al., 2016; Ramratnam et al., 2017; Wright et al., 2004). The methodological 

heterogeneity across these studies may have contributed to some of these mixed results, and 

few conclusions can be drawn from comparisons across these studies at present.

4. Discussion

To date, this is the first meta-analysis focused specifically on early life adversity and 

inflammation in pediatric samples. Results from the meta-analysis illustrate the current state 

of the field and provide preliminary evidence for understanding the association between 

adversity and inflammatory processes in youth. Of note, only circulating levels of CRP and 

IL-6 were measured consistently enough across studies to qualify for quantitative analysis. 

The effect sizes for the association between early life adversity and both CRP and IL-6 were 

small, and only significant for CRP. This association appeared to be driven by studies 

conducted in infancy and adolescence. From our descriptive analysis of stimulated cytokine 

production in vitro, early life adversity also appears to be related to greater production of 

cytokines by immune cells following in vitro stimulation, although these studies were also 

quite mixed in both methods and results. These results should be interpreted with caution 

because the studies that have been published in this research area are limited in number and 

quite heterogeneous in study design, population, and inflammatory measures.

Contrary to our hypotheses, the associations between early life adversity exposure on 

circulating IL-6 and CRP were very small in magnitude. The effect sizes for IL-6 and CRP 

were < .20 and only significant for CRP. This finding contrasts somewhat with the similarly 

small, but uniformly significant, effect sizes observed in a meta-analysis of similar studies in 

adult samples, specifically z = 0.10 for CRP, z = 0.08 for IL-6, and z = 0.23 for TNF-α 
(Baumeister et al., 2016). Importantly, our confidence intervals were wider, and there were 

too few studies that measured TNF-α (the largest effect in adults) in pediatric populations to 

subject to meta-analysis. Taken together, there are two possible explanations for the pattern 

of associations observed in these pediatric studies, one in which dysregulated immune 

function measured via circulating inflammatory markers does not emerge until later in 
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human development, and one that suggests sensitive periods of immune development that 

warrant further investigation in the context of early adversity.

In the first scenario, early life adversity may exert proinflammatory effects on immune cells 

throughout development that are only reliably observed when immune cells are stimulated in 

vitro, but not necessarily when measured in circulation. This may happen because increasing 

stress during childhood is associated with parallel increases in activity of the HPA-axis and 

its end-product, cortisol (Kuhlman et al., 2016, 2018a). When cortisol binds to 

glucocorticoid receptors in healthy immune cells, the production of inflammatory cytokines 

is inhibited (Barnes, 1998; Waage et al., 1990). Thus, upregulations in the HPA-axis may be 

masking the pro-inflammatory phenotype in children as measured via circulating markers. 

Indeed, the HPA-axis is socially regulated by caregivers during much of childhood such that 

youth exhibit attenuated HPA-axis activity around supportive caregivers (Gunnar and 

Donzella, 2002) while youth exposed to maltreatment and neglect exhibit elevated 

concentrations of cortisol throughout the day (Dozier et al., 2006; Tarullo and Gunnar, 

2006). Thus, children exposed to high early life adversity may exhibit lower circulating 

markers of inflammation as a function of the inhibitory effect elevated circulating 

glucocorticoids have on the system. This may also explain why a more consistent pattern of 

exaggerated cytokine production is observed in studies using in vitro stimulation of immune 

cells, where the influence of glucocorticoids on production of cytokines is either missing or 

tightly controlled and evaluated. Adolescence is an important turning point for many of 

these processes in part because the HPA-axis is substantially altered during pubertal 

development (Gunnar and Quevedo, 2007; Tarullo and Gunnar, 2006), and the influence of 

caregivers on regulation of the axis is reduced; for example, adolescents exposed to trauma 

and maltreatment do not as consistently exhibit elevated diurnal cortisol throughout the day 

(Kuhlman et al., 2015). Consistent with this idea, adolescents exposed to harsh family 

environments also appear to have immune cells that are less sensitive to the inhibitory effects 

of glucocorticoids over time (Miller and Chen, 2010). As these glucocorticoid resistant cells 

accumulate over time, circulating measures of inflammatory proteins are more likely to be 

observed. These observations underscore the importance of measuring glucocorticoid 

concentrations in addition to inflammatory markers whenever possible, yet, only one third of 

the published studies to our knowledge have included an index of HPA-axis functioning in 

addition to their inflammatory index. The field would greatly benefit if future studies in 

children simultaneously measured cortisol when assessing inflammatory markers in order to 

account for whether null associations between early life adversity and inflammation are 

accounted for by elevated cortisol in exposed youth. Adolescence is also a likely time for 

proinflammatory phenotypes to emerge in circulating markers of immune function due to 

increases in risky behaviors, such as smoking, lack of exercise, and unhealthy eating habits 

that contribute to weight gain (Raposa et al., 2014) as well as impulsive behaviors that 

increase stress exposure (Hanson et al., 2015; Lovallo, 2013; Rudolph et al., 2000; Rudolph 

and Hammen, 2003). These risky behaviors may be particularly likely to occur during 

adolescence given the increase in psychosocial stress exposure that occurs during this phase 

of development (Rudolph and Hammen, 2003) and decreasing supervision of behavior by 

adults. Thus, as children develop into young adults there are multiple biological and 

behavioral inputs into the immune system that contribute to the production and regulation of 
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inflammation that lead to more reliable elevations in circulating inflammatory markers 

among at risk populations. This is an important possibility because it introduces a great deal 

of opportunity for prevention in youth populations.

Alternatively, while age was not a statistically significant moderator, positive associations 

between early life adversity and inflammation were observed most robustly within infancy 

and late childhood/adolescent samples, but not in early childhood samples (e.g., Fig. 4). This 

observation underscores the importance of taking development into account in future studies 

of inflammatory processes in children, and further supports theoretical frameworks that see 

infancy and adolescence as sensitive periods for immune development (Kuhlman et al., 

2017). That being said, a very small number of studies have been conducted in infancy or 

early childhood, which leaves us with very little data speaking to whether the association 

between early life adversity and elevated markers of inflammation is linear or non-linear 

across development.

From the limited number of studies looking at in vitro stimulation of pro-inflammatory 

cytokines, there is more consistent evidence for a positive association between early 

adversity exposure and stimulated cytokine production, although the methodological 

approaches and subsequent findings have been quite mixed. As a result of this heterogeneity, 

we were unable to summarize these studies quantitatively, but rather provide a qualitative 

synthesis of their findings. Together these studies portray a complex story about the potential 

effects of early adversity on stimulated production of inflammatory cytokines. There may be 

several reasons for these mixed findings, including the different stimulants used to evoke an 

inflammatory response, specific cytokines assessed and their role in pathogen defense, the 

type of adversity exposure, and the age of the sample. For instance, across studies, 

stimulants used included LPS, PMA/INO, rhinovirus, dust mite extract, cockroach extract, 

and tetanus toxoid. Similarly, a range of cytokines have been assessed, and while some 

studies focused on a single cytokine (Azad et al., 2012; Ehrlich et al., 2016), other studies 

assessed multiple cytokines, with some of these studies aggregating across cytokines (Chen 

et al., 2017) and others examining each cytokine separately (Ramratnam et al., 2017). It 

should also be noted that all of these studies focused on youth with or at risk for a physical 

or psychiatric disorder and findings may differ for otherwise healthy samples of youth. 

Lastly, studies varied in the types of adversities assessed as well as the age of the 

participants at the time of the blood collection and in vitro stimulation assay, ranging from 

toddlerhood to adolescence (i.e., 2–19 years). Although assessing various stressors and 

focusing on different developmental stages can provide a better understanding of differential 

stressor and timing effects (see Kuhlman et al., 2017 for review), currently there are too few 

studies to make any definitive conclusions.

Interest in the role of early life adversity in inflammatory processes has increased since the 

first study in this area was published thirty years ago (See Dantzer and Kelley, 2007 for a 

history of this field). The studies reviewed here represent a relatively large number of youth 

from a wide range of backgrounds and have utilized a wide range of methodological 

approaches. More attention to the role of different types of adversity in the development of 

the immune system will advance the translational value of this research over time. Of 

greatest importance will be to better understand the immune implications of chronic, 
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compared with acute, forms of childhood adversity. For example, the stimulated cytokine 

studies varied in their operational definitions of early adversity, including sexual abuse 

(Ayaydin et al., 2016), maternal stress or mental health (Ramratnam et al., 2017; Wright et 

al., 2004), low childhood socioeconomic status (Azad et al., 2012; Chen et al., 2017), to 

mixed adverse childhood events (Ehrlich et al., 2016). See Kuhlman et al. (2017) for more 

on how different types of adversity may influence psychoneuroimmune development. There 

is also a need for more consistency in inflammatory measures across studies to garner a clear 

understanding of the emergence of exaggerated inflammatory processes in adversity exposed 

youth. For example, studies examining in vitro production of pro-inflammatory cytokines 

tend to look at multiple outcomes, including the production of Th1 or Th2 cytokines. Th1 

cytokines including IFN-γ defend against intracellular parasites such as bacteria and viruses, 

whereas Th2 cytokines including IL-4, IL-5, IL-13, protect against helminths and other 

extracellular parasites (Romagnani, 1994). Yet, no conclusions can be drawn about whether 

early life adversity is linked to alterations in any specific patterns of cytokine responses. 

Further, there was a great deal of inconsistency across studies in the adoption of best 

practices for research on inflammatory biomarkers, particularly with respect to what factors 

should be controlled for in analyses (O’Connor et al., 2009) which may differ in adult and 

pediatric samples. Finally, five of the studies included in our meta-analysis used salivary 

measures of IL-6 or CRP (Cicchetti et al., 2015; David et al., 2017; Measelle and Ablow, 

2018; Riis et al., 2016; Tyrka et al., 2015) which have not yet been validated to the extent 

that blood-based markers have been and may not be comparable. However, given the small 

number of studies in the field and the importance of non-invasive measures in studies of 

children, we thought it important to include their results. There was no evidence that the 

effect of early life adversity on IL-6 or CRP was moderated by collection of these markers in 

blood or saliva but these analyses need to be replicated as more studies are published.

The association between early life adversity, as measured by CRP and IL-6, appears to be 

small across youth samples, was only observable in CRP, and may be more consistent in 

studies of stimulated cytokine production in vitro. Overall, alterations to lifelong 

inflammatory processes may not already be instantiated in youth exposed to early life 

adversity. However, future investigations of this relationship are needed that break down the 

role of different types of adversity exposure, their timing, and their chronicity. Further, the 

largest effect size of childhood adversity on inflammation in adults was for TNF-α, which 

has only been examined in two pediatric samples to our knowledge. The considerable 

associations between early life adversity and inflammatory markers in adults (Baumeister et 

al., 2016) may also be compensated for by interdependent systems (i.e., HPA axis), 

perpetuated by chronic stress exposure, or behaviorally mediated and therefore largely 

preventable. These associations may be most effectively interrogated in studies using in vitro 

stimulation of immune cells and experimental models that provoke the immune system in 

pediatric populations, such as using psychological stress (Steptoe et al., 2007), or vaccines 

(Kuhlman et al., 2018c). These paradigms may be particularly useful in pediatric 

populations given the generally low circulating markers of inflammation seen in young 

people, despite exposure to severe adversity, and therefore more sensitively inform the 

nuanced development of immune perturbations that follow adverse experiences.
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Fig. 1. 
PRISMA diagram depicting articles identification.
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Fig. 2. 
Forest plot of childhood adversity and CRP.
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Fig. 3. 
Funnel plot for studies examining childhood adversity and CRP.
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Fig. 4. 
Violin plot illustrating association between early life adversity and CRP by age groups 

(infancy, early childhood, adolescence).
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Fig. 5. 
Forest plot of childhood adversity and circulating IL-6.
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Fig. 6. 
Funnel plot for studies examining childhood adversity and IL-6.
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Table 1

Methodological and descriptive characteristics of published studies on association between childhood 

adversity and inflammatory biomarkers in pediatric samples (n = 27).

M (SD) Range % (n)

Sample characteristics

 Sample size 267.33 (474.20) 27–2,232

 Percent female 58.11 (23.65) 0–100

 Percent Caucasian 40.42 (30.49) 0–100

 Age of participants at adversity assessment 9.59 (1.17) 0–17.80

 Age of participant at inflammatory assessment 10.60 (5.88) 1.42–19.50

 Longitudinal study design 37.0 (10)

 Length of follow-up (n = 14) 2.85 (4.11) 0–13

 Participants were excluded for steroid medication use 29.6 (8)

 Participants were excluded for anti-depressant medication use 29.6 (8)

Childhood adversity measurement characteristics

 Adversity was retrospectively reported 40.7 (11)

 Adversity reporter

  Victim/child 37.0 (10)

  Caregiver 40.7 (11)

  Third party/record review 18.5 (5)

  Combination 3.7 (1)

 Adversity assessment format

  Self-report questionnaire 48.1 (13)

  Clinical interview 22.2 (6)

  Record review 22.2 (6)

  Multiple 7.4 (2)

Inflammatory biomarker measurement characteristics

 Type of tissue used for inflammatory biomarker
1

  Blood 70.4 (19)

  Saliva 33.3 (9)

 Included measure of HPA-axis function 29.6 (8)

 Circulating inflammation at rest 74.1 (20)

 Inflammatory response to challenge 44.4 (12)

1
Groups not mutually exclusive.
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