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Summary

Background—Retrospective studies show that childhood adversity is associated with systemic
inflammation in adulthood. Few prospective studies have examined whether childhood adversity
influences inflammation in an observable manner during childhood or adolescence and if these
effects are sustained over time.

Methods—Using longitudinal data from the Avon Longitudinal Study of Parents and Children,
we examined associations between acute adverse events at seven time points prior to age 8 and
inflammation at ages 10 and 15. Inflammatory markers at age 10 included interleukin-6 (IL-6; NV =
4655) and C-reactive protein (CRP; M= 4647), and CRP was measured again at age 15 (V=
3286). We further evaluated whether body mass index (BMI), depression, or cigarette smoking
mediated associations between adverse events and inflammation.

Results—Adverse events in middle childhood (occurring between ages 6 to 8), as well as
cumulative adversity from birth to 8 years, were associated with higher levels of 1L-6 and CRP at
age 10. Adverse events reported in early childhood (1.5 years) or middle childhood, and
cumulative adversity from birth through 8 years predicted increased levels of CRP at age 15, and
these associations persisted after adjustment for CRP at age 10. Some, but not all, of these
associations were mediated by BMI.

Conclusions—This study documents that exposure to adverse events prior to age 8 is associated
with elevated inflammation at age 10 and in mid-adolescence. These findings provide prospective
evidence for a biological mechanism by which early experiences may shape long-term health.
Future studies with earlier assessments of inflammation are necessary in order to elucidate
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potential sensitive periods and mechanisms that link childhood adversity to later disease
vulnerability.
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1. Introduction

Early life experiences have lasting effects on neurobiological functioning and health
outcomes across the life course (Shonkoff et al., 2009; Taylor et al., 2011). Adverse
childhood experiences — including low socioeconomic status (SES), maltreatment, or
maladaptive early family environments — are associated with a broad spectrum of
subsequent health problems in adulthood, including cardiovascular disorders (CVD) (Dong
et al., 2004; Galobardes et al., 2006), metabolic abnormalities (Thomas et al., 2008; Danese
et al., 2009), cancers (Felitti et al., 1998), arthritis (Dube et al., 2009; Von Korff et al., 2009)
and mental illnesses (Chapman et al., 2004; Kessler et al., 2010). Evidence from both animal
and human studies suggests that inflammation may be a central biological mechanism
linking early adversity to a variety of health outcomes (Miller et al., 2009a). Although
numerous studies show that low childhood SES and harsh early family environments are
associated with elevated concentrations of inflammatory markers like circulating levels of
C-reactive protein (CRP) and pro-inflammatory cytokines such as inter-leukin-6 (I1L-6)
among adults (Taylor et al., 2006; Danese et al., 2007; Pollitt et al., 2007), relatively few
studies have examined whether childhood adversity is associated with inflammation during
childhood or adolescence (Slopen et al., 2011). It is important to characterize the
developmental progression of inflammatory processes in relation to adversity in children and
adolescents in order to understand how exposure to childhood adversity may engender
disease vulnerability over time (Danese et al., 2011). The aim of this study is to examine
prospectively the relationship between adverse events that occur during childhood and
inflammation in both childhood and adolescence.

Increasing evidence suggests that elevated levels of inflammation in childhood may provide
an early marker of disease risk in adulthood. For example, elevated CRP in childhood is
associated with elevated CRP in adulthood (Juonala et al., 2006); and CRP in childhood is
also associated with a variety of cardiovascular (Cook et al., 2000) and atherosclerotic risk
factors among youth, such as disturbed endothelial function and intima media thickening,
even after adjustment for body mass index (BMI) (Jarvisalo et al., 2002). Although a
number of studies have examined the relationship between childhood adversity on
inflammation in child or adolescent samples, results have been inconsistent. In a recent
systematic review of studies that examined childhood adversity, as measured by either
socioeconomic or interpersonal stressors, in relation to inflammation in healthy children and
adolescents, the pattern of findings was not clear (Slopen et al., 2011). Some of these studies
documented associations between adversity and elevated levels of inflammation (Murasko,
2008; Fuligni et al., 2009a; Howe et al., 2010), while others found no associations (Cook et
al., 2000; Gimeno et al., 2008; Miller et al., 2009b), conditional associations (Marin et al.,
2007; Danese et al., 2011), or inconsistent associations depending on the measure of
adversity (McDade et al., 2005; Dowd et al., 2010).

Some of the inconsistencies across studies may be due to aspects of adversity that prior
literature has not been able to consider in detail in relation to inflammation. For example,
variation in the type or severity of stressors, or differences in the proximity of stress
exposure to assessment of inflammation may account for differences in the impact of
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adversity on inflammatory biomarkers. Furthermore, existing studies have rarely examined
childhood adversity and inflammation prospectively in child and adolescent samples, with
repeated measures of either the exposures or outcomes. Accordingly, we have limited
evidence about whether childhood adversity has persistent effects on inflammation in youth,
and whether adversity during early childhood, in contrast to later developmental periods, has
a differential impact on later inflammation.

The present study utilized longitudinal data from the Avon Longitudinal Study of Parents
and Children (ALSPAC). We used severity-weighted reports of acute adverse events as a
measure of childhood adversity. The primary aim was to examine the association between
adverse events, measured at seven time points between 1.5 and 8 years of age, and two
commonly assessed measures of inflammation, CRP and IL-6. CRP and IL-6 were selected
as these inflammatory biomarkers are indicative of systemic inflammation. As it is unclear
as to whether CRP per se is causally associated with cardiovascular or other diseases (Casas
et al., 2006; Kaptoge et al., 2010), we do not assume that they are on the causal pathway
between adversity and coronary heart disease (C Reactive Protein Coronary Heart Disease
Genetics Collaboration, 2011) or metabolic syndrome (Timpson et al., 2005). Rather, we
consider them as a potential early marker of disease risk, based on prior work demonstrating
that elevated levels of CRP are consistently associated with greater atherosclerosis and
incident coronary events (Pearson et al., 2003; Danesh et al., 2004). Both IL-6 and CRP
were measured at age 10 and CRP was measured again in mid-adolescence (age 15).
Repeated assessment of adverse events allowed us to examine the associations of adverse
events occurring in specific developmental periods as well as cumulatively with
inflammatory processes in childhood and the persistence of those processes into mid-
adolescence.

We hypothesized that adverse events at any time point prior to age 8 would be associated
with inflammation at both time points, and the association would be greatest for a
cumulative measure that incorporated all assessments of adverse events between 1.5 and 8
years of age. We tested for possible interactions by sex because studies have found sex
differences in the relationship between adversity and cardiovascular risk factors in youth
(Howe et al., 2010). The second aim was to examine covariates that may explain
associations between adverse events and inflammation, including BMI, depression, and
cigarette smoking. We selected these potential mediators based on evidence that
psychosocial stressors are associated with each of these characteristics and behaviors in
youth (Wills et al., 2002; Grant et al., 2004; Gundersen et al., 2011), and that these
characteristics are also associated with elevated inflammation (Howren et al., 2009;
O’Connor et al., 2009; Dowd et al., 2010).

2. Methods
2.1. Sample

Participants in this study were drawn from ALSPAC, a population-based prospective
longitudinal study of children born to mothers living in Avon county while pregnant
(Golding and the ALSPAC Study Team, 2004). ALSPAC was designed to provide insight
on how social, biological, and environmental factors interact to influence pregnancy
outcomes and child physical and mental health. A total of 14,541 pregnant women with
estimated delivery dates between April 1991 and December 1992 agreed to participate,
which included roughly 85% of all eligible participants. The study aimed to follow the
13,988 children who were still alive at 12 months. A series of questionnaires were sent to
the parents during the pregnancy and at regular intervals postpartum. Methodological details
of the study have been reported previously (Golding et al., 2001; Golding and the ALSPAC
Study Team, 2004), and are also described on the study website (www.al-spac.bris.ac.uk).
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The study was approved by the ALSPAC Law and Ethics Committee and Local Research
Ethics Committee. Children who dropped out of the study over the course of follow-up were
more likely to have behavior disorders and to have mothers with low educational
qualifications, financial difficulties, and who smoked (Wolke et al., 2009).

All surviving children whose parents consented to continued participation and with valid
contact information were invited to participate in biological assessments. A total of 7725
attended the age 9 clinic (62% of those invited), and 5253 children attended the age 15 clinic
(51% of those invited). Blood samples were taken from those participants who were willing
to participate in the venipuncture protocol (5086 at the age 10 assessment; 3476 at the age
15 assessment). Because active infection may cause elevations in inflammation unrelated to
childhood adversity, we excluded individuals who reported an infection in the 7 days prior
to blood collection (431 children at the age 10 assessment; 190 adolescents at the age 15
assessment). Children who had at least one measure of CRP or I1L-6 collected during
assessments at 10 and 15 years of age were eligible for the present study.

Associations between adverse events and inflammation were examined among the 5802
ALSPAC participants without infection in the past week, and with at least one measure of
CRP or IL-6 at age 10 (V= 4655 and 4647, respectively), or CRP at age 15 (V= 3286). The
exact number of participants in each analysis varies based on the availability of
questionnaire data at each assessment of adverse events. This information is provided as a
footnote in the tables.

2.2. Measures

2.2.1. Inflammatory outcomes—aBlood draws at age 10 and 15 were used to assess
concentrations of IL-6 (age 10 only) and CRP (age 10 and 15). High sensitivity IL-6 (pg/
mL) was measured by enzyme-linked immunosorbent assay (R&D systems, Abingdon, UK).
CRP (mg/L) was measured by automated particle-enhanced immunoturbidimetric assay
(Roche, UK). Assay coefficients of variation for both outcomes were <5%. Both CRP and
IL-6 were log-transformed for analysis. Following standard practices (Danese et al., 2011),
observations that were more than three standard deviations below or above the sample mean
(Age 10: IL-6, N=49; CRP, N=43; Age 15 CRP, A= 40) were winsorized to prevent
potential bias due to outliers in linear models (Tukey, 1977; Wilcox and Keselman, 2003).

2.2.2. Adverse life events—When children were 1.5, 2.5, 3.5, 5, 6, 7, and 8 years old,
mothers were asked whether their children had experienced any of 5 adverse events in the
previous 12 to 18 months, and (if it occurred) to rate the impact of the event on the child on
a 4-point scale (0 = no experience of the event, 4 = very upset by the event). The same 5
adverse events were included at each time point: (1) taken into some form of foster care; (2)
physically hurt by someone; (3) sexually abused; (4) separated from mother; (5) separated
from father. A total adverse event score for each time point was calculated by summing the
perceived impact score for each event, following a common approach in the literature (Allen
etal., 2011). We required that individuals had complete data on all 5 items in order to
calculate an adverse events score for a given time point. We also created a cumulative
adverse events score by summing the perceived impact scores across the 7 time points (this
variable required complete data for all 7 adverse events assessments). We transformed the
individual adverse events scores and the cumulative score into zscores to improve
normality of the distributions, and increase interpretability of the beta-coefficients.
Accordingly, these beta-coefficients refer to the change in the outcome associated with a 1
SD change in the adverse events zscore.

We chose to use a measure of perceived impact, rather than a simple count of adverse events
because the weighted measure incorporates information about the effect of the event on the
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child, which may reflect severity of the event as well as individual differences in response to
the event. Unlike a simple count, the weighted measure does not assume that different
events have an equivalent impact (Enoch et al., 2010). For comparison, we replicated our
analyses using count score (described in sensitivity analyses, below).

2.2.3. Potential mediators

2.2.3.1. BMI: At the time of blood collection, clinic staff measured height using the
Harpenden Stadiometer to the last complete millimeter, and unclothed weight to 0.1 kg.
BMI was calculated as weight (kg)/length (m)2.

2.2.3.2. Depression: We utilized depression assessments prior to the blood collection, in
order to ensure the temporal ordering required for mediation.

For the age 10 outcomes, we used a depression measure obtained at age 8, assessed by the
Development and Well-being Assessment, a validated parent-report structured interview that
evaluates the presence of psychiatric diagnoses according to ICD-10 criteria (Goodman et
al., 2000). In sensitivity analyses (described below) that required a continuous measure of
depressive symptoms, we utilized the emotional symptoms score from the Strengths and
Difficulties Questionnaire (Goodman, 2001), the closest available approximation for
continuous depressive symptoms available at age 8.

For the analysis of CRP at age 15, we used a 13-item self-report inventory of depressive
symptoms, the Short Moods and Feelings Questionnaire, obtained at age 14 (Angold et al.,
1995). This scale correlates highly with the Children’s Depression Inventory, the Diagnostic
Interview Schedule for Children, and clinical interviews (Wood et al., 1995). A score of 11
or greater was used to create a dichotomous indicator of depression (Angold et al., 2002;
Patton et al., 2008). In sensitivity analyses, we utilized the sum of this inventory as a
continuous score.

2.2.3.3. Cigarette smoking: Self-reported regular cigarette use at age 15 was assessed at the
clinic visit, based on self-report of daily smoking in the past 30 days (yes, no).

2.2.4. Sociodemographic covariates—We included a number of individual and family
covariates that are known to be associated with variation in CRP (O’Connor et al., 2009) or
that have been used as covariates in similar studies (Caserta et al., 2008; Murasko, 2008;
Fuligni et al., 2009b; Copeland et al., 2012), including maternal education, household
income, and the child’s age, race, and ethnicity. During pregnancy, mothers reported their
highest educational attainment (below O-level, O-level only, A-level only, university degree
or more, missing), and at birth she reported the child’s sex (male, female), and ethnicity
(white, non-white). When the child was 8 years, mothers reported weekly household income
(<£100, £100-£199, £200-£299, £300-£399, >£400, unknown). At the age 10 and 15 blood
collection visits, respondents reported their age (months), and clinic staff recorded whether
the respondent was currently taking medication (parent report at age 10, respondents report
at age 15; yes, no). Maternal depression, measured by the Edinburgh Postnatal Depression
Scale (Cox et al., 1987), was used in sensitivity analyses to test for potential confounding
(described below).

2.2.5. Statistical analyses—We used linear regression to estimate associations between
the adverse event zscores at each of the 7 time points between 1.5 and 8 years, and the
cumulative events zscore, and IL-6 and CRP at age 10. Initial models were adjusted for
gender, age at blood collection, and ethnicity, and we replicated these models with
additional adjustment for other potential confounders including family income at age 8,
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mother’s education at child’s birth, and whether or not the child was taking any medication
at the time of blood collection. Next, using an identical method, we estimated associations
between adverse events z-scores at each age and CRP at age 15. We present the latter
models with and without adjustment for age 10 CRP. Gender differences in associations
were examined by including interaction terms for sex by events zscores.

We then examined the extent to which the observed associations between adverse events and
inflammation were mediated by BMI, depression, or regular smoking (age 15 outcome
only). We tested the significance of these mediators using a bootstrapping approach that
allows for multiple mediators to examined within a single model (Preacher and Hayes,
2008). We obtained indirect effect estimates for each potential mediator, which describes the
degree of mediation that occurred (i.e., the proportion of the association between the adverse
event score and the inflammatory outcome that is explained by the potential mediator)
(Preacher and Hayes, 2008). This approach provides indirect estimates for each potential
mediator individually, while other potential mediators are included in the model, and a
combined estimate for all potential mediators included in the model. Confidence intervals
are provided for all indirect effects; confidence intervals that do not include 0 indicate a
significant indirect effect. Mediation models were adjusted for the same covariates noted
above.

To examine the robustness of our findings, we performed a number of sensitivity analyses.
First, we tested for potential bias in using the perceived impact ratings for the adverse events
score, given that both un-weighted and weighted assessments of life events have strengths
and limitations (Paykel, 1983) and it is unclear which should be favored in research using
parent-report. We repeated our analyses using counts of adverse events, rather than the
perceived impact score, to determine if the results were comparable. We also repeated our
analyses adjusted for maternal depression levels prior to reported adverse events, given that
maternal mood could potentially influence both event impact ratings (Mathews and
MacLeod, 2005) and immune activity in children (Caserta et al., 2008).

Second, we repeated our mediation analyses using alternative assessments of the mediators,
to examine if our findings were influenced by the measures selected for the primary
analyses. We substituted waist circumference for BMI, in order to examine the stability of
our results with an alternative measure of adiposity. We also substituted continuous
symptoms of depression for the dichotomous indicators, given that some prior studies have
examined continuous symptoms as mediators of the relationship between childhood
adversity and CRP (Taylor et al., 2006) while other studies have focused on dichotomous
indicators of depression (Danese et al., 2007).

Third, we tested depression as an effect modifier, based on studies that have found
childhood adversity may only lead to inflammation in the context of major depression
(Danese et al., 2008; Danese et al., 2011). Fourth, we repeated our analyses with an
interaction term between SES and adverse events to evaluate if the associations differ based
on family SES. Specifically, we examined these interactions for maternal education at
gestation, and family income at age 8. Fifth, we replicated our analyses using complete cases
only, rather than list-wise deletion (which preserved individuals in some models who did not
have data for all 7 adverse events scores), in order to evaluate whether the decision to use
list-wise deletion impacted our findings. Finally, given the likelihood that adverse
experiences at different ages are correlated, we examined if existing significant associations
between adverse events at a given time point and the outcomes were independent of adverse
events at other time points. All analyses were conducted in SAS v.9.2, and alpha was set at
0.05.
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3. Results

Table 1 describes characteristics of the sample, including means and proportions for the
main predictors, outcomes, and covariates. The sample had a similar proportion of males
and females, and was predominantly white (95%), consistent with the general population in
Avon county. There was considerable heterogeneity in maternal education and family
income. Exposure to each of the adverse events was relatively uncommon. Across the 7 time
points, the number of children who experienced each adverse event ranged as follows: taken
into care: 3-5; physically hurt by someone: 122-181; sexually abused: 1-8; separated from
mother: 125-383; separated from father: 286-876. As expected, at age 10 CRP and IL-6
were significantly correlated with each other (r=0.46, p < .0001); and each was also
significantly correlated with CRP at age 15 (age 10 CRP: r=0.32, p<.0001; age 10 IL-6: r
=0.10, p<.0001).

Below, we present results for the combined sample, because there was no evidence for
significant gender differences. Models that only adjusted for gender, age, and ethnicity did
not differ in any meaningful ways from models that additionally adjusted for family income,
mother’s education, and medication use; therefore, we only present the fully adjusted
models.

3.1. Adverse events and IL-6 and CRP at age 10

Table 2 presents the linear regression of IL-6 and CRP on adverse events scores measured at
each time-point and cumulatively, adjusted for sociodemographic factors and medication
use. Adverse events at the first 5 time points (1.5 through 6 years) were not associated with
either IL-6 or CRP. The adverse events score at 7 years was associated with elevated I1L-6 (8
=0.07, p<.001) and CRP (8= 0.06, p=.002), and similar associations were observed
between the adverse events score at 8 years and both IL-6 (8= 0.05, p<.001) and CRP (8=
0.04, p=.03). The cumulative adverse events score was also associated with IL-6 (5= 0.04,
p=.03) and CRP (8= 0.06, p=.01). These beta coefficients reflect the increase in log-CRP
or log-1L-6 associated with a 1 SD increase in the adverse events zscore.

3.2. Adverse events and CRP at age 15

Table 3 presents associations between adverse events between 1.5 and 8 years of age and
CRP at age 15. The adverse events score at 1.5 years was significantly associated with CRP
at 15 years, with higher adversity predicting elevated CRP (8= 0.06, p=.001). Adverse
events at 2.5, 3.5, 4.5, 6, and 7 years were not associated with age 15 CRP; however, age 15
CRP was significantly associated with the most proximately assessed adverse events,
including events measured at 8 years (8= 0.05, p=.02) and the cumulative events score (8
=0.05, p=.04).

Next, we examined these associations in models that adjusted for CRP at age 10 to
determine whether adverse events were associated with change in CRP from late childhood
to mid-adolescence. The associations between adverse events at 1.5 years and 8 years and
age 15 CRP remained significant in models that adjusted for age 10 CRP (adverse events at
1.5 years: $=0.06, p=.01; 8 years: S=0.06, p=.02) whereas the association between the
cumulative adverse event score and age 15 CRP was no longer significant (p= 0.18).
Unexpectedly, adverse events at 6 years was associated with lower CRP at 15, after
adjustment for age 10 CRP (8= -0.06, p=.02).

3.3. Potential mediators of inflammation

3.3.1. Age 10 IL-6 and CRP—For age 10 outcomes we examined BMI and depression as
potential mediators. The bottom panel of Table 2 presents the results of mediation analyses

Psychoneuroendocrinology. Author manuscript; available in PMC 2014 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Slopen et al.

Page 8

for the previously reported associations between adverse events and inflammation at age 10.
For IL-6, the mediation models showed that the associations between adverse events
reported at 7 and 8 years were maintained even after adjusting for BMI and depression.
However, both models revealed a small, but significant indirect effect of adverse events on
IL-6 through BMI (adverse events at 7 years (i.e., partial mediation): g= 0.01, 95% CI:
0.003-0.02; adverse events at 8 years: g=0.01, 95% CI: 0.001-0.02). In contrast, the
association between the cumulative adverse events score and age 10 IL-6 was mediated by
BMI (indirect effect of BMI: = 0.01, 95% CI: 0.002-0.02) to the extent that this
association was no longer significant. The indirect effects of depression were not significant
in any of the models.

For CRP, the mediation models indicated that all of the previously identified significant
associations between adverse events and CRP were mediated by BMI to the extent that the
associations between childhood adversity and age 10 were not significant with BMI
included in the models. The coefficients for the indirect effects of adverse events on age 10
CRP through BMI were significant for adverse events at 7 years (8= 0.03, 95% CI: 0.01-
0.05), 8 years (5= 10.02, 95% CI: 0.003-0.04), and the cumulative adverse events score (5=
0.03, 95% CI: 0.01-0.05). Similar to IL-6, the indirect effects of depression were not
significant in any of the models. We do not present the total indirect effects for the age 10
CRP or IL-6 mediation models (i.e., the combined indirect effect of BMI and depression),
because BMI was the only significant mediator.

3.3.2. Age 15 CRP—For age 15 outcomes, we examined smoking in addition to
depression and BMI as potential mediators. The bottom panel of Table 3 presents mediation
models for the significant associations between adverse events and CRP at age 15. The
association between adverse events reported at 1.5 years and age 15 CRP was not mediated
by BMI, depression, or smoking; the direct effect of adverse events was unchanged from the
original model, and the indirect effects through the potential mediators, both individually
and combined, are not significant (total indirect effect: §=0.002, 95% CI: —0.01, 0.02).
Similarly, the association between adverse events reported at 8 years and age 15 CRP was
not mediated by BMI, depression, or smoking (total indirect effects: 8= 0.02, 95% CI:
-0.0003, 0.03). In contrast, the association between the cumulative adverse events score and
age 15 CRP was mediated by BMI (indirect effect through BMI: g=0.02, 95% CI: 0.01,
0.04); there were not significant indirect effects of depression or smoking in this model (we
do not present the total indirect of BMI, depression, and smoking for this model, because
only BMI had a significant indirect effect). As shown in Table 3, these mediation results
were similar when age 10 CRP was included as a control covariate.

3.4. Sensitivity analyses

We performed several sensitivity analyses to examine the stability of our findings. First, we
replicated our models using a count of adverse events, rather than the weighted impact
scores (Appendix Al), in order to test for potential bias in using the perceived impact
ratings. These analyses revealed a nearly identical pattern of findings, with the exception
that the cumulative events score was no longer associated with IL-6 at age 10 and CRP at
age 15. Therefore, the results were largely comparable, although the perceived impact scores
were slightly more sensitive for the associations between inflammation and cumulative
events. We also tested for potential bias in perceived impact of adverse events resulting from
maternal depression. We repeated the original models for which significant associations
were observed between adverse events and inflammatory markers with additional
adjustment for maternal depression (assessed when the child was 1.5 years, for the model of
events at 1.5 years; assessed when the child was 6 years, for models including events at 7
and 8 years); again, the associations were largely unchanged (data not shown).
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Second, we replicated our mediation analyses, using alternative assessments of the
mediators, to ensure our findings were not influenced by our choice of measures. When we
included waist circumference as a mediator instead of BMI, the results were largely the
same. Next, we repeated the mediation analyses using continuous depression symptom
scores, rather than diagnostic indicators (for age 10 outcomes, an emotional symptoms score
from the SDQ at age 8; for the age 15 outcome, the MFQ symptom score at 13 years); the
results were unchanged. Consistent with the dichotomous indicators, the symptom scores did
not function as mediators.

Third, we tested whether depression modified the association between adverse events and
inflammation. We did not find evidence for depression as an effect modifier in this sample
(i.e., all p-values for interactions between depression and adverse events z-scores > 0.05).
Fourth, we did not find evidence that SES moderates the association between adversity and
inflammation (considering either maternal education at gestation, or household income at
age 8). Fifth, we repeated our analyses using only complete cases for the age 10 and age 15
outcomes (Appendix A2). There was one noteworthy difference: in the complete case
analysis (which required that children had adverse events reported at all seven time points),
the adverse events score at 1.5 years was not associated with CRP at age 15 (8= 0.04, p=.
10). Given that high-risk families were least likely to return the questionnaires consistently
(Wolke et al., 2009), complete-case analysis excludes children with the highest adverse
events scores at 1.5 years. Therefore, we presented list-wise deletion analyses in order to
maximize available data and minimize potential bias. Finally, we examined if the existing
significant associations were independent of adverse events scores at other time points. In
regression models that included all 7 adverse events scores together, the results were largely
unchanged.

4. Discussion

The present study used data from a population-based prospective cohort of healthy children
to examine the associations between adverse events collected from age 1.5 to 8 years and
inflammation at ages 10 and 15. Adverse events in middle childhood (occurring between
ages 6 to 8), as well as adverse events cumulated from age 1.5 through age 8, were
associated with higher levels of IL-6 and CRP at age 10. In contrast, adverse events
experienced earlier in childhood (i.e., reports between 1.5 and 6 years) were not associated
with age 10 inflammation. Adverse events in early childhood (age 1.5), middle childhood
(age 8), and the cumulative events score predicted increased levels of CRP at the age 15
assessment. Importantly, these associations persisted after adjustment for age 10 CRP,
suggesting that adverse events in early and middle childhood were associated with a greater
increase in level of CRP from age 10 to 15. Some of these associations were mediated by
BMI, whereas we found no evidence that depression or smoking mediated the association
between adverse events and inflammation. A key finding from this analysis was that the
associations between the cumulative adverse events score and inflammation at ages 10 and
15 were not of greater magnitude than the significant associations for measures that were
most proximate to the outcomes; contrary to our hypothesis that the associations would be
greatest for the cumulative measure of adverse events, our findings suggest that effects may
not be cumulative per se.

Our results suggest inflammation as an early mechanism by which adverse experiences in
childhood become biologically embedded and adversely impact health over the life course.
Our study is unique in providing insight on the temporal relationship between adverse events
in early and middle childhood, subsequent inflammation, and the persistence of
inflammation. These results correspond with prior research indicating elevated levels of
inflammation among children and adolescents (Murasko, 2008; Dixon et al., 2009; Fuligni et

Psychoneuroendocrinology. Author manuscript; available in PMC 2014 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Slopen et al.

Page 10

al., 2009a; Howe et al., 2010) and adults (Taylor et al., 2006; Danese et al., 2007; Pollitt et
al., 2007; Taylor et al., 2011) who experienced adversity in early life. These findings may
also explain some of the inconsistencies across earlier studies. Specifically, timing of
exposure to adverse events appears to matter — with adverse events in early childhood and
relatively proximate to the measure of inflammation most strongly associated with
inflammation. Thus, if prior studies had varying lengths of time between measurement of
adverse events and inflammation, these associations may have been more difficult to detect.
Our findings are inconsistent with some other studies that have examined stressful events to
inflammation, such as a prospective study that did not find an association between
interpersonal stressors and circulating levels of CRP or IL-6 in a sample of female
adolescents (mean age, 17 years) (Miller et al., 2009b). The disparate findings may be due to
differences in the age of our samples, sample sizes, timing and type of experiences assessed,
or time to follow-up.

There are at least two potential explanations for the observed associations between age 10
inflammation and adverse events reported at 7 and 8 years, but not earlier reports of adverse
events. It is possible that adverse events occurring later in childhood have a more
pronounced influence on inflammation relative to earlier in childhood; or this pattern may be
a consequence of the fact that the age 7 and 8 reports were provided in the closest proximity
to inflammatory assessments and inflammatory consequences of earlier childhood adversity
are relatively immediate and short-lived. It may be that earlier adverse events had a
significant impact on inflammatory markers, but these effects dissipated or were reversed
prior to the age 10 assessments. Research suggests that physical and emotional trauma can
cause relatively short-lived elevations IL-6 in children (Pervanidou et al., 2008), suggesting
that both alternatives are plausible.

At age 15, both recent (age 8) and early-life (age 1.5) adverse events were associated with
elevated CRP. A potential explanation for this finding is that adverse events early in life
cultivated a pro-inflammatory phenotype characterized by alterations in signaling molecules
that affect the regulation of inflammation, and these alterations were not evident in
circulating biomarkers of inflammatory activity until a later stage of physiological
development (i.e., in our study, mid-adolescence). For example, Miller and colleagues
(Miller and Chen, 2007; Miller and Chen, 2010) found that harsh family climate predicted
IL-6 response to lipopolysaccharide exposure (a bacterial stimuli) but did not predict
circulating levels of IL-6 in normal conditions among adolescent females. Thus, in our
study, it is possible that the influence of early adversity (e.g., at 1.5 years) is not evident in
basal levels of inflammation in healthy children at age 10; however, these children may have
an amplified inflammatory response to exogenous stimuli, such that over time repeated
excessive inflammatory responses leads to chronic inflammation (e.g., detectable at age 15).
In order to gain insight on this hypothesized explanation for our findings, future birth
cohorts should include multiple measurements of inflammation and pro-inflammatory
signaling molecules, along with multiple measures of psychosocial stress and the social
environment, from birth onwards.

Results from the mediation analyses are only partially consistent with existing literature. We
found evidence of mediation through BMI for some of the associations, which corresponds
with prior studies of childhood adversity and inflammation in children (Howe et al., 2010)
and adults (Taylor et al., 2006). For example, in a study that examined maternal education in
relation to cardiovascular disease risk factors in ALSPAC, almost the entire association
between maternal education and CRP was mediated by adiposity; and for IL-6, there was
also evidence of mediation through adiposity, but to a lesser extent (Howe et al., 2010). In
our study, BMI attenuated to varying degrees the associations between cumulative adverse
events and proximate events and inflammation. Our study did not support smoking or
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depression as mediators (i.e., the indirect effects were not significant), which is inconsistent
with some prior research in adult samples which identify smoking (Pollitt et al., 2007) and
psychological functioning (Taylor et al., 2004; Taylor et al., 2006) as mediators. It is
possible that smoking did not function as a significant mediator, given the low prevalence of
smoking at age 15 in this sample and possibly the limited duration of smoking. In the age 10
mediation analyses of childhood adversity reported at 8 years, somewhat surprisingly
depression had a significant inverse association with CRP, notably, this association is not
significant when depression is the only mediator in the model (i.e., if BMI is not included).
In contrast, in the models of age 15 CRP, we observe a positive association between
depression and greater CRP, which is consistent with prior research using adult samples
(Taylor et al., 2004, 2006). Although it is challenging to identify comparable mediation
analyses in child and adolescent samples, several studies that examined childhood adversity
and inflammation in children (Wolf et al., 2008; Fuligni et al., 2009a) and adults (Danese et
al., 2007) found that associations persist even after adjustment for psychological functioning
and smoking, consistent with our findings.

There are several limitations of the present study. First, our study is limited by incomplete
data and some loss-to-follow up. Similar to most prospective cohorts, continued and
consistent participation was socially patterned, and individuals from more disadvantaged
circumstances were less likely to participate continuously. In line with this, individuals who
did not participate in the age 10 or age 15 blood assessments had greater cumulative
adversity scores relative to participants (e.g., the mean cumulative adversity z-score
assessment for non-participants at age 10 is greater than the mean score for participants
(mean zscore = 0.02, SD = 1.05 vs. mean zscore = —0.02, SD = 0.96, respectively)). We
controlled for variables associated with attrition (e.g., maternal education, income) which
may help to minimize bias (Kleinbaum et al., 1982). Nonetheless, this non-differential
missingness suggests that our data cannot be generalized to the original population-
representative cohort, and may have resulted in attenuation of the observed associations.
Second, although it has more measures than most, our study is limited by only two
assessments of inflammation. It is not possible to make conclusions about the lack of
associations between the earlier measures of adverse events and inflammation, because
short-term elevations may have occurred that dissipated prior to age 10. Third, given the
observational design, we are not able to conclude definitively that the observed associations
are causal; however, these associations are consistent with experimental research
demonstrating that fluctuations in circulating markers of inflammation occur in response to
acute psychological stressors (Steptoe et al., 2007). Furthermore, our evaluation of age 15
CRP examined within-person change, which strengthens causal inference within
observational studies (Rutter, 2007). Fourth, we had imperfect control for household income
at age 8, given that a substantial proportion of caregivers did not provide this information.
Several sensitivity analyses (e.g., omitting individuals with missing income information;
models not including household income) revealed that our findings are robust to this
limitation. Finally, it is likely that adverse events were under-reported as this information
was provided by care-givers. Any under-reporting would have biased our findings towards
the null.

Despites these limitations, our study is a valuable addition to the literature because it is
among the first prospective studies of children documenting that exposure to adverse events
prior to age 8 increased inflammation at age 10, and that effects of adverse events on
inflammation are sustained into adolescence. These findings provide evidence for a
biological mechanism by which early experiences shape long-term health, and highlight the
importance of developing interventions that can minimize both the occurrence and
consequences of childhood adversity on physiological processes during sensitive periods of
development.
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Our study has implications for both research and practice. Research is needed to gain insight
on the long-term clinical significance of elevated inflammation during childhood and
adolescence. For example, for each 1 SD increase in the adverse events score at age 7, age
10 CRP increases by 7.3%, and IL-6 increases by 6.2%. At present, it is unclear whether
these increases reflect dysregulated processes that could precede or mark increased risk for
later chronic disease development. Further studies of children with earlier assessments of
inflammation are necessary in order to more precisely elucidate mechanisms that connect
childhood adversity to later disease vulnerability, and to identify potential opportunities to
slow the progression of or minimize biological dysregulation. In addition, future research is
needed to explore our finding that adverse events in closer proximity to the assessments of
inflammation were most consistently associated with inflammation, and to determine if this
finding holds in models that adjust for inflammation prior to the adverse event. There is also
a need for more nuanced examinations of the relationship between psychological and
emotional functioning and inflammation in children and adolescents. Contrary to existing
research with adults (Taylor et al., 2004, 2006), depression was not a significant mediator in
our analysis. In light of recent research showing that depression is prospectively associated
with elevated levels of CRP over the course of adolescence (Copeland et al., 2012),
additional attention to this issue in child and adolescent samples is warranted. Finally, it may
be useful for future research to examine these associations in low- and middle-income
countries, as research suggests that social exposures may relate to inflammation differently
based on environmental and sociocultural conditions (Nazmi et al., 2010).

From a practice perspective, it may be valuable for researchers to incorporate assessments of
inflammation into prevention-oriented intervention studies for high-risk children and
adolescents. This will provide insight on whether it is possible to reverse or minimize
dysregulated inflammatory processes, and could inform interventions. In the future,
practitioners may be able to utilize biomarkers of inflammation to identify children and
adolescents at high risk for long-term health consequences, or to evaluate the effectiveness
of social interventions to prevent future chronic disease risk among high-risk children.
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Characteristics of the sample.@

Table 1

N %, Median (SE), or Mean (SD)
Outcomes (median, SE)
Age 10 IL-6 (pg/mL) 4647 0.78 (0.02)
Age 10 CRP (mg/L) 4655 0.20 (0.03)
Age 15 CRP (mg/L) 3286 0.38 (0.05)
Adverse Events Score (mean, SD)
1.5 years 5083 0.40 (0.97)
2.5 years 4892 0.49 (1.08)
3.5 years 4913 0.46 (1.05)
4.5 years 4770 0.40 (1.06)
6 years 4598 0.34 (1.02)
7 years 4581 0.27 (0.95)
8 years 4695 0.29 (1.00)
Sum score (18 months to 8 years) 3545 2.47 (3.52)
Gender (%)
Male 2910 50.16
Female 2892 49.84
Ethnicity (%)
Non-White/missing 308 531
White 5494 94.69
Maternal education at birth? (%)
Missing 499 8.6
Below O-level 1118 19.27
O-level only 1858 32.02
A-level 1444 24.89
University degree+ 883 15.22
Weekly household income (age 8) (%)
Unknown 1597 27.52
<£100 73 1.26
£100-£199 322 5.55
£200-£299 660 11.38
£300-£399 876 15.1
>£400 2274 39.19
Body Mass Index (mean, SD)
Age 10 5421 17.64 (2.81)
Age 15 4186 21.42 (3.50)
Depression® (%)
Age 8 (DAWBA) 4626 0.41
Age 14 (MQF-SF) 4303 11.18
Daily cigarette use (Age 15) (%) 270 4.65
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aDescriptive statistics for respondents with valid blood data for CRP or IL-6 at Age 10 (V= 5802).

b . . . .
O-level = ordinary level; exams taken at age 15-16, the completion of legally required school attendance, equivalent to today’s General
Certificate of Secondary Education. A-level = advanced level.

c . . . . L
DAWBA = Development and Wellbeing Assessment; MFQ-SF = Moods and Feelings Questionnaire, Short-Form. SD = standard deviation; SE =
standard error.
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