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Abstract

Mounting evidence highlights specific forms of psychological stress as risk factors for ill health.
Particularly strong evidence indicates that childhood adversity and adulthood trauma exposure
increase risk for physical and psychiatric disorders, and there is emerging evidence that
inflammation may play a key role in these relationships. In a population-based sample from the
Health and Retirement Study (7= 11,198, mean age 69 + 10), we examine whether childhood
adversity, adulthood trauma, and the interaction between them are associated with elevated levels
of the systemic inflammatory marker high sensitivity C-reactive protein (hsCRP). All models were
adjusted for age, gender, race, education, and year of data collection, as well as other possible
confounds in follow-up sensitivity analyses. In our sample, 67% of individuals had experienced at
least one traumatic event during adulthood, and those with childhood adversity were almost three
times as likely to have experienced trauma as an adult. Childhood adversities and adulthood
traumas were independently associated with elevated levels of hsCRP (B = 0.03, p=0.0landp =
0.05, p<0.001, respectively). Those who had experienced both types of stress had higher levels of
hsCRP than those with adulthood trauma alone, Estimate = -0.06, 95% CI [-0.003, -0.12], p=
0.04, but not compared to those with childhood adversity alone, Estimate = —0.06, 95% CI [0.03,
-0.16], p=0.19. There was no interaction between childhood and adulthood trauma exposure. To
our knowledge, this is the first study to examine adulthood trauma exposure and inflammation in a
large population-based sample, and the first to explore the interaction of childhood adversity and
adulthood trauma with inflammation. Our study demonstrates the prevalence of trauma-related
inflammation in the general population and suggests that childhood adversity and adulthood
trauma are independently associated with elevated inflammation.
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1. Introduction

Exposure to traumatic psychological stress increases risk for psychiatric disorders (Brown et
al., 2000; Carr et al., 2013; Turner et al., 1995) as well as physical morbidity and mortality
(Glaesmer et al., 2011; Krause et al., 2004; Shonkoff et al., 2012). Particularly strong
evidence links childhood stress exposure with adverse health outcomes. Adversity in
childhood increases risk for adult-onset mood and anxiety disorders in the general
population, and depression and post-traumatic stress disorder (PTSD) in military personnel
(Calabro et al., 2003; Kessler et al., 1997). Childhood adversities also increase risk for
physical illnesses including cardiovascular disease, diabetes, and metabolic disorders
(Galobardes et al., 2006, Tamayo et al., 2010). Among adults, those with combat or non-
combat trauma exposure had an increased rate of psychiatric disorders (Brown et al., 2000;
Prigerson et al., 2002) and physical illnesses including heart failure, stroke, and autoimmune
disorders (O’Donovan et al., 2015; Spitzer et al., 2009). The biological mechanisms
underlying the link between trauma and poor health are not well understood, but there is
evidence that inflammation may play a key role (e.g., Danese et al., 2007; O’Donovan et al.
2012).

Emerging evidence indicates that elevated inflammation is associated with psychopathology.
Large bodies of research now link depressive and anxiety disorders with elevated levels of
inflammation (Howren et al., 2009; O’Donovan et al., 2010; O’Donovan et al., 2013; Toker
et al., 2005). PTSD has also been linked with elevated levels of inflammatory markers,
including C-reactive protein (CRP) (Michopoulos et al., 2015), and higher levels of CRP
predicted risk for PTSD symptoms in a prospective study of 2610 war zone—deployed
Marines (Eraly et al., 2014). Evidence from animal models and from experimental human
research suggests that elevated inflammation is a causal factor that promotes psychiatric
symptoms rather than a mere correlate of the disorder (Dantzer et al., 2008; Eisenberger et
al., 2010; Raison and Miller, 2013). Chronic low-grade inflammation is also an established
risk factor for physical diseases that are associated with trauma exposure, including
cardiovascular disease and autoimmune disorders (Harris et al., 1999; Libby 2002;
O’Donovan et al., 2015).

Both childhood adversity and specific types of adulthood trauma exposure have been
associated with elevated levels of systemic inflammation. Childhood maltreatment has been
linked with elevated levels of high sensitivity C-reactive protein (hsCRP) in participants 20
years later (Danese et al., 2007). Similarly, childhood adversity, defined as having
experienced one or more unusually stressful events in childhood, has been associated with
elevated adulthood levels of systemic inflammation as well as shorter telomere length
(Kiecolt-Glaser et al., 2011; Slopen et al., 2010; Slopen et al., 2013). Childhood adversity
has also been associated with higher expression of pro-inflammatory genes in a small pilot
study (7= 114) of Health and Retirement Study participants (Levine et al., 2015). Across the

Brain Behav Immun. Author manuscript; available in PMC 2016 December 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Linetal.

Page 3

entire lifespan, greater cumulative exposure to different categories of trauma has also been
linked with elevated hsCRP (O’Donovan et al., 2012), as have specific types of adulthood
trauma such as being a prisoner of war or a victim of intimate partner violence (Dekaris et
al., 1993; Woods et al., 2005). However, in contrast with the large number of studies on
childhood adversity and inflammation, there are very few studies that examine the
relationship between adulthood trauma exposure and inflammation.

Childhood adversity appears to increase vulnerability to the effects of later stressful events.
For example, stress sensitization models hypothesize that childhood adversity may sensitize
individuals to psychiatric psychopathology by lowering their tolerance to later stressors
(Hammen et al., 2000). One longitudinal study of young women showed that those with a
history of childhood adversities were more likely to become depressed following less total
stress than women without a similar history, after controlling for previous depression and
current chronic stressful conditions (Hammen et al., 2000). Relatedly, adults with a history
of childhood adversity or trauma are more likely to develop PTSD following subsequent
exposure to adulthood trauma (Breslau et al., 1999; Brewin et al., 2000; Pratchett et al.,
2011). The stress sensitivity associated with childhood trauma may be particularly potent in
those with genetic vulnerability; both the 5-HTTLPR genotype and FKBP5 polymorphisms
have been shown to interact with childhood adversity and adulthood trauma to predict adult
PTSD (Binder et al., 2008; Xie et al., 2009). While the mechanisms of stress sensitization
are unclear, alterations of hypothalamic-pituitary-adrenal (HPA) axis functioning may play a
role (Gunnar 1998, Heim et al., 2001; Miller et al., 2011). For instance, early life stress has
been shown to induce sensitization of corticotropin-releasing factor (Heim et al., 2001). This
sensitization is associated with pro-inflammatory tendencies that may be exacerbated by
behavioral proclivities such as hypervigilance, poor social relationships, and adverse health
behaviors, which are themselves associated with childhood adversity (Miller et al., 2011). To
our knowledge, no population-based studies have examined whether people who have
experienced childhood adversity are more susceptible to inflammation associated with
adulthood trauma exposure.

In the present study, we examine whether exposure to childhood adversity, adulthood
trauma, and their interaction are associated with elevated inflammation in a large population-
based sample of Americans over the age of 50. Advantages of a population-based study were
that they allowed for estimation of the distribution and prevalence of childhood adversity
and adulthood trauma, minimization of confounders to exposures and outcomes, and
maximization of external validity and generalizability. We analyzed both the presence and
the number of childhood adversities and adulthood traumas, because the number of adverse
experiences can increase risk for inflammation and for the development of physical and
mental disorders (Coker et al., 2005; McLaughlin et al., 2010; O’Donovan et al., 2012). We
also considered the contribution of health behaviors, as both childhood trauma and specific
types of adulthood trauma have been associated with smoking, alcohol use, obesity, and
physical and mental health conditions (Dube et al., 2003; Kaysen et al., 2007; Kessler et al.,
1997; Pizarro et al., 2006; Vieweg et al., 2007; Williamson et al., 2002). These health
behaviors have in turn been linked to elevated inflammation (O’Connor and Irwin, 2010).
Inflammation was measured using hsCRP, an acute-phase reactant and nonspecific marker of
inflammation that is secreted by the liver and adipose tissues (Libby 2002). Current evidence
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supports the use of hs-CRP as the analyte of choice for systemic inflammation, after
considering the various analytes’ stabilities; the analytes’ assay precision, accuracy, and
availability; and the availability of standards for proper assay calibration (Pearson et al.,
2003). Given prior research linking childhood adversity and adulthood trauma to elevated
systemic inflammation, we predicted that exposure to childhood adversity and adulthood
trauma would independently be associated with higher levels of hsCRP. As previous studies
suggest that childhood adversity may increase vulnerability to adulthood stressors through
HPA axis sensitization and pro-inflammatory activity, we aimed to assess the relative
contribution of childhood adversity and adulthood trauma to inflammation by assigning
study members to 1 of 4 groups as follows: no history of childhood adversity or adulthood
trauma; history of childhood adversity but no adulthood trauma; no history of childhood
adversity but history of adulthood trauma; history of both childhood adversity and adulthood
trauma. We hypothesized that those with a history of both childhood adversity and adulthood
trauma would have elevated levels of inflammation compared to those with a history of
childhood adversity or adulthood trauma alone. Those with neither a history childhood
adversity nor adulthood trauma would have the lowest levels of inflammation. We further
predicted that there would be a significant interaction between the two types of stress.

2. Methods

2.1 Participants

Participants were drawn from the Health and Retirement Study (HRS), a longitudinal study
of a population-based sample of more than 20,000 Americans over the age of 50. The target
population for the original HRS cohort includes all adults in the contiguous United States
born during the years 1931-1941 who reside in households, with a 2:1 oversample of
African-American and Hispanic populations. The original sample has been refreshed with
new birth cohorts over the years. Starting in 2006, the study implemented a psychosocial
questionnaire that included assessments of childhood adversity and adulthood trauma
(Clarke et al., 2008). In the same year, the study also implemented biomarker assessments
(Crimmins et al., 2013), which were completed by half of the participants in 2006, and half
of the participants in 2008. For our analyses, we used the combined data from 2006 and
2008. We selected participants from the original sample who had 1) completed the measures
for either childhood adversity or adulthood trauma, and 2) had valid hsCRP values in either
2006 or 2008. A total of 11,198 participants met these criteria.

2.2 Measures

2.2.1 Childhood Adversity—Childhood adversity was evaluated at baseline using all
items from the measure developed by Krause, Shaw, and Cairney that were assessed in both
2006 and 2008 (Krause et al., 2004). Respondents were presented with three adverse events
and asked whether they experienced each one before the age of 18. These included: having
to do a year of school over again, having parents who drank or used drugs so often that it
caused problems in the family, and being physically abused by a parent. An unweighted sum
of the three events was used to gauge the level of childhood adversity.
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2.2.2 Adulthood Trauma—Adulthood trauma was assessed at baseline using all available
items from the measure developed by Krause, Shaw, and Cairney (Krause et al., 2004).
Respondents were presented with seven potentially traumatic events and asked whether they
experienced each one at any point in their lifetime after the age of 18. These included:
having had a child who died; having been in a major fire, flood, earthquake or natural
disaster; having fired a weapon in combat or been fired upon in combat; ever having a
spouse, partner, or child addicted to drugs or alcohol; having been a victim of a serious
physical attack or assault; ever having a life-threatening illness or accident; and ever having
a spouse or child experience a life-threatening illness or accident. An unweighted sum of the
seven traumas was used to gauge the level of adulthood trauma.

2.2.3 Covariates—Self-report questionnaires were administered to all participants to
gather information on demographics and health behaviors. Race was categorized as
Caucasian, African-American, or other. As in previous HRS studies on childhood adversity
and trauma (Levine et al., 2015), education was assessed by asking participants whether they
had completed at least nine years of formal education. Smoking was assessed by asking
participants whether or not they currently smoked cigarettes. Body mass index (BMI) was
assessed by dividing participants’ self-reported weight (kg) by the square of their self-
reported height (m2). Alcohol use was measured by asking participants the number of days
per week they drank alcohol, averaged over the past three months. Physical activity was
evaluated by asking participants whether or not they participated in vigorous activity more
than once a week. Overall health was calculated as the unweighted sum of the number of
current or prior diagnoses of all chronic health conditions documented in the HRS study
(Fisher et al., 2005): hypertension, diabetes mellitus, cancer (excluding minor skin cancer),
chronic lung disease (excluding asthma), heart conditions (heart attack, coronary heart
disease, angina, congestive heart failure, or other heart problems), stroke, arthritis, and
psychiatric problems. All covariates were assessed in 2006.

2.2.4 High sensitivity C-reactive protein (hsCRP)—Blood samples were obtained
from participants by cleaning a finger with an alcohol prep pad and pricking the finger with
a lancet. Samples were collected on a blood spot card, air-dried for 10 to 15 minutes, and
placed in foil pouches. The samples were then mailed to the University of Vermont and
assayed for hsCRP using a standard enzyme-linked immunosorbent assay (ELISA). The
hsCRP assay had a lower limit of detection of 0.04 mg/L, with an within-assay coefficient of
variability (CV) of 8% and an inter-assay CV of 11%.

In our study, original blood spot hsCRP values were used for all primary analyses. In
sensitivity analyses to exclude acute inflammation, calculated whole-blood equivalent
hsCRP values were used to exclude participants with hsCRP values greater than 10 mg/L
(see Section 2.3). To calculate whole-blood equivalent hsCRP values, the blood spot hsCRP
value from HRS was regressed onto the whole-blood equivalent hsCRP value from The
National Health and Nutrition Examination Survey (NHANES) according to HRS study
protocol (Crimmins et al., 2013). As both HRS and NHANES are population-based studies
that are intended to represent the non-institutional U.S. population, their distributions of
hsCRP were assumed to be similar. The log-transformed value of both assays were
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determined at 100 weighted percentiles, and the HRS blood-spot values were then
transformed onto the whole-blood NHANES values after adjustment for between-lab
differences. The blood spot hsCRP values and whole-blood hsCRP values were strongly
correlated (Pearson R = 0.99) and linearly related (HRS hsCRP value = 0.370 + NHANES
hsCRP value x 1.077). Further details of this calculation are documented elsewhere
(Crimmins et al., 2013).

2.3 Analytic strategy

Adversity was examined as both continuous (total number) and dichotomous (exposed vs.
not exposed) measures. A series of hierarchical linear regression models were used to
separately assess the association between level of childhood adversity and hsCRP, and level
of adulthood trauma and hsCRP. Due to the few number of individuals with three childhood
adverse events (1= 79), we regrouped the number of childhood adverse events as 0, 1, and
2+. Similarly, due to the few number of individuals with 6 or 7 adulthood trauma events (n7=
25 and n = 2 respectively), we regrouped the number of adulthood trauma events as 0, 1, 2,
3, 4, and 5+. Adversity scores were skewed towards 0. Raw hsCRP values were not normally
distributed and we therefore completed a log-transformation of hsCRP to approximate a
more normal distribution.

To assess the interaction of childhood adversity and adulthood trauma on hsCRP, we used
analysis of covariance (ANCOVA) models. Childhood adversity was characterized as absent
(0 childhood adverse events, 7761 participants) or present (1 or more childhood adverse
events, 3261 participants); similarly, adulthood trauma was characterized as absent (0
adulthood trauma events, 3489 participants) or present (1 or more adulthood trauma events,
7248 participants). Finally, participants were categorized into four groups: 1) no childhood
adversity or adulthood trauma; 2) childhood adversity and no adulthood trauma; 3)
adulthood trauma and no childhood adversity; and 4) childhood adversity and adulthood
trauma, and we examined whether hsCRP levels differed among the four groups. In follow-
up planned comparisons, we examine whether individuals who experienced both childhood
adversity and adulthood trauma had higher levels of hsCRP than the other three groups.

All models, unless otherwise specified, were adjusted for age, gender, race, education, and
year of data collection (2006 or 2008), which all had a 98% response rate or higher. In
follow-up analyses, models were further adjusted for health behaviors that were significantly
associated with either childhood adversity or adulthood trauma at a significance level of p<
0.05. Recent evidence indicates that hsCRP levels increase with age (Wener et al., 2000) and
that levels above 10 mg/L can be observed even in cases of chronic inflammation,
particularly among those who are female, obese, have low income, and use sex hormones
(Ishii et al., 2012). Nonetheless, we ran sensitivity analyses excluding all participants with
NHANES whole-blood equivalent hsCRP values greater than 10 mg/L in order to exclude
those with possible acute inflammation due to infection or injury. The threshold for
statistical significance was set at p < .05. All statistical analyses were performed with SPSS
22.0.
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3. Results

3.1 Participant Characteristics

Sample characteristics for participants with complete data for childhood adversity or
adulthood trauma in addition to valid hsCRP values are described in Table 1. The average
participant was 69 years old, with a standard deviation of 10 years. 39% of participants were
male and 84% were white. 67% had experienced at least one adulthood trauma. Participants
had an average childhood adversity score of 0.37 + 0.62 and an average adulthood trauma
score of 1.25 + 1.20. This difference in means partly reflects the difference in number of
items in the two scales.

Presence of childhood adversity was associated with older age, male sex, and data collection
in 2008, but was not associated with race, education, alcohol use, or physical inactivity.
Presence of adulthood trauma was associated with younger age, male sex, and having at
least nine years of education, but was not associated with race, data collection year, smoking
status, BMI, alcohol use, or physical inactivity. While both childhood adversity and
adulthood trauma were associated with a higher number of physical and mental health
conditions as predicted, only childhood adversity was associated with adverse health
behaviors, specifically current smoking and higher BMI.

3.2 Association between Childhood Adversity and Adulthood Trauma

Notably, presence of childhood adversity was associated with presence of adulthood trauma
(B =0.10, p<0.001). In fact, those exposed to childhood adversity had a 2.86 fold increased
prevalence of adulthood trauma compared to those without a similar history (7= 2322 vs. n
= 811). Moreover, participants who reported a higher number of childhood adversities (i.e., a
higher dose of childhood adversity) also reported a higher number of adulthood trauma (p =
0.16, p< 0.001).

3.3 Childhood Adversity and Inflammation

In unadjusted models, both the presence of one or more childhood adversities and the total
number of adverse childhood events were significantly associated with elevated levels of
hsCRP (B =0.03, p=0.006 and p = 0.03, p=0.001 respectively). Similarly, in adjusted
models, both the presence of one or more childhood adversities and the total number of
adverse childhood events were significantly associated with elevated levels of hsCRP (f =
0.03, p=10.002 and B =0.03, p=0.001 respectively). Both associations remained significant
after further adjustment for adulthood trauma (p = 0.02, p=0.02 and § = 0.03, p=0.01
respectively) (Figure 1).

3.4 Adulthood Trauma and Inflammation

In unadjusted models, both the presence of one or more adulthood traumas and the total
number of adulthood traumas were significantly associated with elevated levels of hsCRP (8
=0.03, p=0.002 and B = 0.05 p< 0.001 respectively). Similarly, in adjusted models, both
the presence of one or more adulthood traumas and the total number of adulthood traumas
were significantly associated with elevated levels of hsCRP (f = 0.03, p=0.001 and B =
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0.06, p < 0.001 respectively). Associations remained significant after further adjusting for
childhood adversity (B = 0.03, p=0.002 and g = 0.05, p< 0.001 respectively) (Figure 2).

3.5 Interaction of Childhood Adversity and Adulthood Trauma

Although childhood adversity and adulthood trauma were both significantly associated with
hsCRP (see 3.2 and 3.3), we found no significant interaction between childhood adversity
and adulthood trauma in either unadjusted or adjusted models, A1, 10564) = 0.02, p=0.89
and A1, 10052) = 0.17, p= 0.69, respectively. Using MODPROBE (Hayes and Matthes,
2009), we also examined whether there was an interaction between continuous childhood
adversity and adulthood trauma scores on hsCRP. Again, we found no evidence for an
interaction in either unadjusted or adjusted models (B = -0.005, SE =0.02, p=0.75and B =
-0.01, SE =0.02, p=0.47, respectively).

We were a prioriinterested in differences in inflammation among the four groups of
participants with or without childhood adversity and adulthood trauma. The groups included
participants with 1) no childhood adversity or adulthood trauma (7= 2636, 25%); 2)
childhood adversity and no adulthood trauma (7= 811, 8%); 3) adulthood trauma and no
childhood adversity (n= 4799, 45%); and 4) childhood adversity and adulthood trauma (7=
2322, 22%). Our analyses revealed significant differences in levels of hsCRP among these
groups, F(3, 10384) = 6.565, p < 0.001. Planned comparisons revealed that participants
exposed to both childhood adversity and adulthood trauma had significantly higher levels of
hsCRP (In(M)=0.16, SD = 1.15) than those with neither childhood adversity nor adulthood
trauma (In(M)=0.03, SD = 1.18), Estimate = -0.15, 95% CI [-0.08, -0.21], p< 0.001, and
compared to those with adulthood trauma alone (In(M)=0.11, SD = 1.16), Estimate =
-0.06, 95% CI [-0.003, —0.12], p= 0.04. However, although participants with childhood
adversity and adulthood trauma had higher levels of hsCRP than those with childhood
adversity alone, there were no significant differences in hsCRP between these two groups
(In(M)=0.10, SD = 1.13), Estimate = -0.06, 95% CI [0.03, -0.16], p=0.19, (Figure 3).
Thus, these data suggest that compared to those without a similar history, individuals with
childhood adversity are more likely to have higher levels of inflammation when further
exposed to adulthood trauma.

3.6 Sensitivity Analyses

Because hsCRP levels above 10 mg/L may be an indicator of acute inflammation rather than
chronic low-grade systemic inflammation (Pearson et al., 2003), we excluded these cases
from follow-up analyses. After excluding individuals with hsCRP levels > 10 mg/L (n=
1099), the presence and number of childhood adverse events remained significantly
associated with hsCRP (B = 0.03, p=0.003 and p = 0.03, p=0.002, respectively), as did
presence and number of adulthood traumas (B = 0.02, p=0.02 and § = 0.04, p< 0.001,
respectively). The interaction was still not statistically significant, A1, 10052) = 0.03; p=
0.86. The difference in levels of hsCRP among the four groups of participants with or
without childhood adversity and adulthood trauma remained significant, A3, 10052) = 4.14,
p=0.006, and the pattern of results in our planned comparisons did not change.
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Because childhood adversity was associated with smoking and higher BMI in this sample
(Table 1), we reran the analyses controlling for these factors. The presence and number of
childhood adversities remained associated with hsCRP (f = 0.04, p=0.005 and § = 0.04, p
= 0.003 respectively) and the interaction was still not statistically significant, A1, 5778) =
0.163; p=0.69). The difference in levels of hsCRP among the four groups of participants
with or without childhood adversity and adulthood trauma remained significant, A3, 5778)
=5.93, p<0.001, and the pattern of results in our planned comparisons did not change.

4. Discussion

4.1 Summary and Significance

Our analysis of data from 11,198 participants in the population-based Health and Retirement
Study indicates that exposures to childhood adversity and adulthood trauma are
independently associated with elevated inflammation as indexed by hsCRP. To our
knowledge, this is the first study to examine the relationship between adulthood trauma
exposure and inflammation in a large population-based sample of participants in old age, the
first to determine if childhood adversity and adulthood trauma are independently associated
with elevated inflammation, and the first to explore the interaction between childhood
adversity and adulthood trauma. Although the interaction between childhood adversity and
adulthood trauma was not significant, we did find that individuals with both childhood
adversity and adulthood trauma had higher levels of inflammation than those with adulthood
trauma alone, but not compared to those with childhood adversity alone. These data suggest
that early life experiences may influence susceptibility to trauma-associated inflammation in
adulthood.

In line with prior work, we found that both the presence and cumulative exposure to
childhood adversity or adulthood trauma were associated with higher levels of hsCRP. Our
results extend findings linking adverse childhood events with elevated levels of
inflammation (Danese et al., 2007; Kiecolt-Glaser et al., 2011) to a large population-based
sample of 11,198 individuals over the age of 50. As chronic, low-grade inflammation is
associated with increased morbidity and mortality, inflammation may be a key mechanism
by which childhood adversity confers increased risk for developing psychiatric and physical
illnesses (Kessler et al., 1997; Tamayo et al., 2010). Our results support studies that show a
dose-dependent effect of number of childhood adversities on inflammation (Danese et al.,
2007, Kessler et al., 1997; Taylor et al., 2006). However, other studies suggest that
childhood adversity may be correlated with poor mental health due to the severity rather
than number of adversities experienced (Schilling et al., 2008), and we did not have
information on the severity of adversities in our study. As with childhood adversity, our
study also supports and extends research linking specific adulthood trauma exposures with
elevated inflammation (Dekaris et al., 1993; Woods et al., 2005). We found a dose-
dependent association between adulthood trauma and inflammation. As a dose-dependent
effect of specific adulthood traumas on physical and mental health has been shown in the
literature (Coker et al., 2005; Mollica et al., 1998), our findings suggest that inflammation
may play a role in poor health outcomes associated with cumulative adulthood trauma
exposures.
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The interaction between childhood adversity and adulthood trauma was not significant,
indicating that the relationship between presence of childhood adversity and inflammation
did not depend on the presence of adulthood trauma. Independent associations between
childhood adversity and adulthood trauma with inflammation emphasize that stress may be
associated with elevated inflammation throughout a person’s lifetime. However, in our
sample, those who had experienced childhood adversity had a 2.86 fold increased prevalence
of adulthood trauma compared to those without a similar history, and the number of
childhood adversities was associated with increased number of adulthood traumas. Our
findings suggest that there is an important interplay between the two types of stress, and
support prior work indicating that childhood adversity is a significant risk factor for later
assault (Gladstone et al., 2004; Widom et al., 2008). For instance, one study found that
children who had been victims of maltreatment or crime had a 2.2-6.9 fold increased risk of
any type of subsequent victimization one year later (Finkelhor et al., 2007), and that those
who had experienced four or more types of victimization (“poly-victims”) had a particularly
high risk of persisting poly-victimization (Finkelhor et al., 2007).

Despite the non-significant interaction between childhood adversity and adulthood trauma,
participants who experienced both types of stress had higher levels of inflammation than
those with adulthood trauma without childhood adversity, as well as those with neither
childhood adversity nor adulthood adversity. This finding is in line with previous work
indicating that cumulative trauma exposure across the lifespan is associated with elevated
levels of inflammation (O’Donovan et al., 2012). Our results also complement studies
showing that those with childhood adversity and adulthood depression and anxiety have
HPA axis hyperreactivity and elevated levels of inflammation when compared to those with
adulthood psychiatric symptoms alone (Danese et al., 2008; Heim et al., 2000). However,
our findings also revealed that individuals with childhood adversity alone did not
significantly differ in levels of hsCRP compared to those with the combination of childhood
adversity and adulthood trauma. This result supports prior work highlighting childhood as a
sensitive period of development during which adverse events have particularly potent effects
on inflammation (Miller et al., 2011).

There are a number of potential factors that may contribute to the potent effects of childhood
adversity. First, childhood adversity is associated with sensitization of the HPA axis to mild
stresses in adulthood (Gunnar 1998; Heim et al., 2000; Heim et al., 2001). For instance,
women with a history of childhood abuse have increased pituitary-adrenal and autonomic
responses to stress when compared to controls (Heim et al., 2000). Furthermore, one study
showed that a history of childhood abuse was associated with cortisol reactivity to acute
stress, and that the cortisol reactivity was further enhanced when additional trauma was
experienced in adulthood (Heim et al., 2002). Early life stressors in the form of low
socioeconomic status have also been associated with resistance to glucocorticoid signaling
in adulthood (Miller et al., 2009). As cortisol is an anti-inflammatory hormone,
glucocorticoid resistance associated with childhood adversity may contribute to elevated
inflammation with stress in adulthood. Second, epigenetic regulation in early life by
childhood adversity may affect neurodevelopment through modulation of the leukocyte
glucocorticoid receptor and alteration of HPA function (McGowan 2013; Tyrka et al, 2012;
Xie et al, 2010). Third, women with childhood abuse-related PTSD show greater expression
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of target genes for the NF-xB/Rel family of transcription factors, which increase secretions
of pro-inflammatory cytokines that in turn promote the production of CRP (Calabro et al.,
2003; Ganter et al., 1989; Pace et al., 2012).

In our study, only childhood adversity was associated with adverse health behaviors,
specifically smoking and BMI. Although specific types of adulthood trauma such as combat-
related PTSD and domestic violence have been linked with greater risk for adverse health
behaviors (Beckman et al., 1995; Kaysen et al., 2007; Pizarro et al., 2006; Vieweg et al.,
2007), adulthood trauma exposure was not associated with health behaviors in our sample.
This suggests that compared to adulthood trauma, childhood adversity may be a stronger
risk factor for adverse health behaviors throughout the lifespan. Although the association
between childhood adversity and inflammation was independent of health behaviors in our
study, the increased rates of smoking and higher BMI associated with childhood adversity
are well known predictors of ill health (Guh et al., 2009; Office of the Surgeon General
2004).

4.2 Limitations

Our results should be interpreted in the light of some important study limitations. First, the
cross-sectional study design limits our ability to make causal inferences about potential
mechanisms of elevated inflammation. Second, elevated levels of hsCRP, while predictive of
disease risk, are non-specific (Watson et al., 2012). While hs-CRP has been reported as the
analyte of choice for systemic inflammation, it is only one of many markers of inflammation
(Pearson et al., 2003). Third, no information on the severity or duration of stressful events
was available in this study; these facets of stress exposure may play an important role in the
relationship between trauma and inflammation. We were also unable to assess the role of
different types of stressors or the specific features of those events. For instance, intentional
traumas that involving the deliberate infliction of harm have been shown to confer worse
health outcomes than non-intentional traumas (Santiago et al., 2013). Fourth, both childhood
adversity and adulthood trauma were retrospective and self-reported in this cohort. Current
states may bias such reports and bias our models (Maughan and Rutter, 1997). Finally, the
measures for childhood adversity and adulthood trauma available in the study were not
standardized measures, contained a limited number of items, and to our knowledge, have not
been compared to validated questionnaires or interviews.

4.3 Conclusions

Our study indicates that both childhood adversity and adulthood trauma are independently
associated with elevated inflammation, which in turn could be a mechanism for increased
morbidity and mortality in stress-exposed individuals. Moreover, we found that individuals
who experienced both childhood adversity and adulthood trauma had higher levels of
inflammation than those exposed to adulthood trauma who reported no childhood adversity.
Strikingly, we were able to observe an association between distal stressful events and hsCRP
in a population of adults over the age of 50. This observation is in line with prior research
showing that associations between childhood adversity and psychopathology in adolescence,
early adulthood, and mid-life generally did not attenuate with age (Clark et al., 2010), and in
line with previous research linking lifetime trauma exposure with elevated inflammation
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(O’Donovan et al., 2012). Overall, these data highlight the potential for long-term gain from
interventions that 1) prevent trauma exposure, especially during childhood, and 2) for those
already exposed, identify and reduce the lingering deleterious effects of trauma exposure on
inflammation using behavioral or pharmacological interventions as warranted. Given the
high prevalence of trauma exposure in our population-based sample, particularly during
adulthood, the ill effects of trauma-related inflammation are of large public health
significance.
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Highlights
. High prevalence of trauma exposure in population-based sample
. Independent association of childhood adversity and elevated

inflammation in old age

. Independent association of adulthood trauma and elevated
inflammation in old age

. No interaction of childhood adversity and adulthood trauma with
inflammation

. Inflammation may mediate relationship between trauma exposure and
ill health
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Relationship between presence or absence of childhood adversity and adulthood trauma and
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Notes. Error Bars: +/- 1 SE
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