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Abstract

Background—Abuse in childhood and adolescence may affect risks of diabetes and
cardiovascular disease later in life. Although mechanisms underlying these relationships are
unclear, chronic stress may lead to dysregulation of immune function and chronic inflammation.

Purpose—To evaluate associations between early-life physical and sexual abuse and blood
levels of inflammatory markers in adulthood among 702 members of the Nurses’ Health Study I1.

Methods—Abuse in childhood (before age 11 years) and adolescence (ages 11-17 years) was
self-reported in 2001. Plasma samples collected in 1996-1999 were assayed for C-reactive protein
(CRP); interleukin (IL)-6; and the soluble fraction of tumor necrosis factor alpha receptor 2 in
2001, 2009 and 2010.

Results—Mean age at blood collection was 43.9 years. Moderate or severe physical abuse was
reported by 35.3% of participants; 22.7% reported unwanted sexual touching and 9.8% reported
forced sex. Plasma levels of CRP and IL-6 were higher in women reporting sexual abuse in
adolescence compared to those reporting no abuse (p=0.04 and 0.03, respectively) in analyses
adjusted for confounders including age and childhood adiposity. Inflammatory marker levels were
similarly elevated in women reporting sexual abuse during childhood, but results were not
significant. Relationships largely persisted after further adjustment for potential mediators such as
adult BMI and smoking. Physical abuse during childhood and/or adolescence was not consistently
associated with inflammatory marker levels.

Conclusions—Chronic inflammation may be one mechanism through which sexual abuse may
affect future risk of physical and psychological disorders.

Introduction

Abuse in childhood and adolescence is common?: 2 and may have lasting implications for
emotional and physical health. Results from a small number of prospective studies suggest
that women with a history of physical and/or sexual abuse in childhood or adolescence have
higher rates of chronic diseases later in life, including diabetes, cardiovascular disease
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(CVD), and depression.2-8 A relationship between abuse and chronic disease may be
explained in part through dysregulation of immune function leading to chronic
inflammation, as suggested by laboratory experiments in humans and animal studies. 10
Despite compelling evidence from animal studies, few studies have evaluated whether abuse
in childhood is associated with increased levels of markers of inflammation in adulthood.
Further, it is unknown whether higher levels of inflammation may be explained largely by
greater rates of smoking, obesity and other behavioral factors more common among adult
women with abuse histories, rather than by long-lasting physiologic changes in immune
function resulting from abuse.

An evaluation was made of the association of self-reported history of physical and sexual
abuse during childhood and adolescence and markers of inflammation during adulthood
among a subset of participants in the Nurses’ Health Study II. It was hypothesized that
women reporting severe physical and/or sexual abuse in early life would have higher levels
of inflammation markers in adulthood compared to women not reporting abuse, and that
positive associations would be largely attenuated after adjustment for mediating factors
including smoking, alcohol use, and obesity.

Study Population

The Nurses’ Health Study Il (NHS2) is a cohort of 116,678 U.S. female registered nurses
aged 25-42 years who responded to a mailed questionnaire in 1989 and provided
information on their medical history and health-related behaviors, such as use of oral
contraceptives, pregnancy history, and smoking status. Cohort members have completed
questionnaires every 2 years thereafter to update information on risk factors and to identify
new diagnoses of disease. The protocol for this study was approved by the IRB at Brigham
and Women’s Hospital.

Between 1996 and 1999, members of the NHS2 who had not previously reported a diagnosis
of cancer were invited to provide a blood sample (/7=92,888). Details of this collection have
been reported previously.1! Briefly, women were asked to collect two timed blood samples
during the menstrual cycle or a single untimed sample, depending on their menopausal
status and use of exogenous hormones.

Participants were provided with supplies and asked to collect their own samples and return
them to the laboratory via overnight courier. Women recorded current and recent medication
use, current weight, fasting status, and the time of day of sample collections. Frozen water
bottles were included to keep samples cool during shipping. When samples were received,
they were centrifuged, separated into blood components, and archived at —130°C or colder
in continuously monitored nitrogen freezers. Samples were ultimately received from 29,613
women. Women who provided blood samples were very similar to the entire NHS2 cohort
in terms of age, smoking status, BMI, and other factors.1!

Women included in the present analysis were controls from nested case—control studies of
inflammation markers and incidence of endometriosis (#7=568) and rheumatoid arthritis
(m7=141) in the NHS2. Endometriosis study controls were randomly chosen from among
premenopausal women with no reported diagnosis of endometriosis before 2009, an intact
uterus, and no history of cancer other than nonmelanoma skin cancer. Rheumatoid arthritis
study controls were randomly chosen from among women with no self-reports of the disease
or other connective tissue disease through 2005 and no history of cancer except
nonmelanoma skin cancer.12
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Measurement of Inflammatory Factors

Assessment

Assessment

Plasma samples assayed were either luteal phase or untimed. All assays were performed in
2001 and 2009 (rheumatoid arthritis controls) and 2010 (endometriosis controls). C-reactive
protein (CRP) was measured using a high-sensitivity latex-enhanced immunonephelometric
assay on a BNII analyzer. Interleukin (IL)-6 was measured by a quantitative sandwich
enzyme immunoassay technique. The soluble fraction of tumor necrosis factor alpha
receptor 2 (STNFR2) was measured by ELISA using immobilized monoclonal antibody to
human sTNFR2. For all control groups, coefficients of variation (CV) for CRP were <5%.
CVs for IL-6 were 11.7% and 8.1%, and for STNFR2 were 4.9% and 6.8%, for rheumatoid
arthritis and endometriosis, respectively.

of Abuse

In 2001, a violence questionnaire was mailed to 91,286 NHS2 members to measure physical
and sexual abuse at three different time periods: before age 11 years, during ages 11-17
years, and during adulthood.13 Completed questionnaires were returned by 68,518 (75.0%)
participants. Questions on childhood physical abuse were adapted from the Revised Conflict
Tactics Scale.14

Women were asked: “Did a parent, step-parent or other adult guardian ever: spank you for
discipline; push, grab or shove you; kick, bite or punch you; hit you with something that hurt
your body; choke or burn you; or physically attack you in some other way.” Response
options included never, once, a few times, more than a few times. Four categories of
physical abuse were derived, based on the most-severe level of abuse reported at each time
period.3 “None” corresponded to no reported physical abuse. “Mild” included being pushed,
grabbed or shoved one or more times; being kicked, bitten or punched once; or being hit
with something once. “Moderate” included being hit with something more than once; or
being physically attacked once. “Severe” included being kicked, bitten or punched;
physically attacked more than once; or ever choked or burned. The question on spanking for
discipline was not included in the abuse categorization.

Questions on inappropriate sexual touching or forced sex were adapted from the Sexual
Experiences Survey.1® Questions were: “Were you ever touched in a sexual way by an adult
or an older child, or were you forced to touch an adult or an older child in a sexual way
when you did not want to?” and “Did an adult or older child ever force you or attempt to
force you into any sexual activity by threatening you, holding you down, or hurting you in
some way when you did not want to?”” Response options for these questions were: “No, this
never happened”; “Yes, this happened once”; or “Yes, this happened more than once.”
Sexual abuse during childhood and adolescence was categorized as follows: “None” when
there was no report of sexual abuse; “Unwanted sexual touching” if any unwanted sexual
touching but no forced sexual activity was reported; and “Forced sex” if forced sexual
activity was reported one or more times. As with physical abuse, women were assigned to
categories based on the most-severe level of abuse reported at each time period.3

of Other Factors

The 1989 NHS2 questionnaire measured age, age at menarche, and race/ethnicity. Age at
blood collection was calculated based on dates of birth and receipt of blood samples.
Information on number of full-term pregnancies, age at first birth, menopausal status, and
smoking status was collected at baseline and then updated every 2 years. Socioeconomic
factors including mother’s education, father’s education, household income, and home
ownership when the participant was an infant were assessed in 2005. Physical activity was
measured asking women how much time was spent weekly participating in specific
recreational activities. Medication use, including antidepressants, was assessed from 1993
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onward. Information on food and nutrient intake was collected by a validated semi-
quantitative foods frequency questionnaire,16 and was used to estimate glycemic load,
glycemic index, and intake of crude fiber. All nutrients were adjusted for total energy intake
using the residual method.1”

Participants reported their height at baseline and reported current weight on each biennial
questionnaire, which was used to calculate BMI. In addition, at baseline participants were
shown diagrams of female body figures and asked to identify which best represented their
body at age 5 years (range from 1=very thin to 9=extremely obese). Responses were used to
derive somatogram score.18

For analysis, covariates were classified into two groups following the method used by Rich-
Edwards et al (2010).3 Fixed characteristics and characteristics during early childhood or
adolescence (i.e., prior to or contemporaneous with abuse) were considered potential
confounders. These included race/ethnicity, maternal and paternal education levels, income
and home ownership during infancy, and somatotype at age 5 years.

Characteristics that could vary between childhood or adolescence and the time of blood
collection and that could plausibly be affected by abuse history3 were considered potential
mediators. For these factors, assessments made closest in time to blood collection were used.
Factors evaluated included age at blood collection; BMI (as assessed in 1999); smoking
status (1999); task hours of physical activity in METs (1997); age at menarche (1989);
alcohol intake (1999); number of cigarettes smoked per day (1999); antidepressant use
(1999); abuse occurring between ages 18 and 19 years; and dietary intake of crude fiber,
glycemic index, and glycemic load (1999).

Statistical Analysis

Results

Data analyses were conducted in 2011-2012. Age-adjusted participant characteristics by
level of abuse were compared with /~tests. General linear models were used to assess the
relationship of abuse history and inflammation marker levels, and least-square means are
presented. In order to meet model assumptions, inflammatory factor levels were log-
ransformed, and results were then exponentiated to yield geometric means. To determine if
associations varied by timing of abuse, abuse occurring during childhood and adolescence
were evaluated separately, as well as combined.

Three analyses for each association were conducted. Model 1 adjusted for age and control
type (endometriosis vs rheumatoid arthritis) only. Model 2 adjusted for age, control type,
and confounders, as described above. Model 3 adjusted for age and control type,
confounders, and mediators, as described above. For both Models 2 and 3, variables were
included in the final model if they were associated with one or more types of abuse, or with
one or more markers of inflammation at p<0.05, after adjustment for other factors in the
model. For each inflammation marker, the covariate that was the strongest mediator of the
observed association was identified by adding and removing each term from the fully
adjusted model to identify the factors responsible for the greatest change in mean marker
levels. Finally, to evaluate potential interaction between abuse types, participants were
classified into four categories based on combined history of moderate or severe physical
abuse and forced sex (neither, physical abuse only, forced sex only, both physical abuse and
forced sex) for each of the two time periods.

The 702 NHS2 participants included were similar to the main NHS2 cohort in terms of
prevalence of smoking in 1999 (10.1% vs 9.6%); mean alcohol intake (2.0 vs 2.0 grams per
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day); antidepressant use (9.9% vs 9.5%); and mean BMI (25.8 vs 26.5 and other factors.
However, mean age of the subsample was slightly higher in the overall cohort (mean
age=48.9 years vs 44.3 years in 1999).

Age-adjusted characteristics of participants by self-reported history of physical abuse and
sexual abuse in either childhood or adolescence are presented in Table 1. Moderate or severe
physical abuse was reported by 35.5% (/7=248) of participants. Unwanted sexual touch was
reported by 22.6% (/7=159) of women and 9.8% (/=69) reported forced sex. The prevalence
of abuse reported by the subsample was comparable to that reported by all NHS2 members
who completed the violence questionnaire (moderate to severe physical abuse=35.0%;
unwanted sexual touching=22.2%; forced sex=11.3%).

Women reporting severe physical abuse were more likely to be current smokers and use
antidepressants than women reporting no abuse, and reported a lower level of maternal and
paternal education. Women reporting forced sex were more likely to be current smokers
than those reporting no sexual abuse and less likely to consume 15 or more grams of alcohol
daily. Mean level of physical activity was higher in women with a history of sexual abuse
than those reporting no sexual abuse. Among women reporting severe physical abuse, 58.5%
also reported sexual abuse, compared to 23.4% of women not reporting physical abuse. Of
women reporting sexual abuse, approximately 46% also reported moderate or severe
physical abuse.

Levels of CRP and sTNFR2 did not vary linearly by level of physical abuse during either
childhood or adolescence, although differences across levels of physical abuse in childhood
were significant for STNFR2. In age-adjusted analyses (Model 1), IL-6 levels varied
somewhat by physical abuse during adolescence, with the highest levels among those
reporting severe abuse (p=0.06; Table 2). Results were marginally significant after adjusting
for confounders including race and somatotype at age 5 years (Model 2; p=0.05), and were
attenuated after adjustment for mediating factors including BMI, smoking, physical activity
and alcohol use (Model 3; p=0.11).

Levels of CRP and IL-6 were generally higher in women reporting a history of unwanted
sexual touching and forced sex compared to women not reporting sexual abuse (Table 3).
Overall, associations were stronger for abuse occurring during adolescence than that
occurring during childhood. For example, after adjustment for confounders (Model 2), mean
CRP levels in women reporting unwanted touching and forced sex in adolescence were 0.92
and 1.02 mg/L, respectively, compared to 0.68 in women with no abuse history (p=0.04).
Mean IL-6 levels in women reporting forced sex were 1.36 pg/mL, compared to 1.03 in
women reporting no abuse and 1.07 in women reporting touching only (£p=0.03). Mean
STNFR2 levels were modestly higher in women reporting forced sex during childhood, but
results did not reach significance.

Adjustment for mediating factors such as adult BMI and smoking status (Model 3)
attenuated the relationship between sexual abuse and CRP levels. The mediating factor
explaining the largest proportion of the relationship was BMI. Associations remained
marginally significant for IL-6 (0=0.06). Alcohol intake was the most substantial mediator
of the relationship between sexual abuse and IL-6 levels.

In analyses of effect modification between types of abuse, CRP levels did not differ across
combined categories of moderate to severe physical abuse and forced sex at either age
(Table 4). Levels of IL-6 and STNFR2 were highest among women reporting both types of
abuse during adolescence, although interactions were not significant and power for these
comparisons was low (p for interaction from Model 2: 0.22 for IL-6 and 0.08 for STNFR2).
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Discussion

These analyses are among the first to separately consider the relationship of early-life
physical and sexual abuse in childhood and in adolescence with levels of inflammation
markers in adulthood. Sexual abuse, especially during adolescence, was associated with
levels of inflammation in adulthood. Levels of CRP and IL-6 were 20%-50% higher in
women reporting forced sex than those reporting no sexual abuse. This level of effect is
comparable to those of established cardiovascular risk factors in women, including current
smoking and physical inactivity,19 and translates into an approximately 40%-60% higher
risk of coronary heart disease.2? These associations were mediated in part by factors known
to be associated with abuse, including adult BMI and alcohol intake. However, these
mediators did not explain all of the observed associations, especially for IL-6.

Stressful early-life events, including physical and sexual abuse, may alter the normal stress
responses of the hypothalamic-pituitary-adrenal (HPA) axis.® 21 Persistent stimulation of
the HPA axis and prolonged elevation of cortisol may lead to disruption of immune
function. In animals, the pro-inflammatory effect of maternal separation and other early-life
psychological stressors is well established.22: 23 Stress responses may remain heightened
even years after the original trauma or stressor.2 In human experiments, chronic stress is
associated with heightened response to immune challenge (i.e., lipopolysaccaride
injection)19 and to psychosocial stress.24

For example, Heim et al (2000) compared HPA axis responsiveness to a public speaking and
mental arithmetic task in women reporting a history of childhood physical and/or sexual
abuse versus no history.2* Women with early-life stress had higher plasma
adrenocorticotropic hormone peak levels than controls both during and following the
stressor. Stress reactivity was further heightened among women with abuse history who
were currently experiencing major depressive disorder.

These findings are consistent with those of the few other observational studies of childhood
abuse, inflammation and chronic disease risk. In the Dunedin Multidisciplinary Health and
Development study, childhood maltreatment was associated with higher risk of elevated
CRP levels (>3 mg/dL) at age 32 years, independent of behavioral factors including adult
smoking, physical activity and BMI, as well as childhood SES and birth weight.® Childhood
abuse history was also associated with greater risk of depression in this cohort.

In the population for the current study, early-life physical and sexual abuse have been
associated with higher risk of coronary heart disease and stroke,” type 2 diabetes3 and
uterine leiomyoma? during adulthood. In these studies and the current analysis, observed
associations for each outcome largely persisted after adjustment for adult BMI, smoking and
other mediating factors. Although a large number of confounders and mediators were
controlled for, it is still possible that some degree of residual confounding by measured and/
or unmeasured factors persists.

In the current study, the association between sexual abuse and inflammation markers was
slightly stronger for abuse occurring during adolescence than that occurring during
childhood. For example, CRP levels were approximately 50% higher in women reporting
forced sex in adolescence compared to those not reporting sexual abuse, and forced sex in
childhood was associated with 30% higher CRP levels. Previous studies of depression have
suggested that the pubertal transition, when estrogen and testosterone production increase in
girls, may be a time of particular vulnerability to the adverse effects of stress.2> 26 Others
have reported that abuse onset during early adolescence may be a stronger predictor of
adverse health outcomes later in life than abuse occurring later.2”: 28 The effect of timing of
early-life stress on immune function warrants further study.
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To our knowledge, few previous studies have separately evaluated the association of
childhood physical abuse and sexual abuse on adult health outcomes. The potential for
sexual and physical abuse to have differing effects is supported by studies of abuse and early
menarche.8: 29. 30 |n the Black Women’s Health Study, women reporting a history of sexual
abuse had a significant 25%—-46% higher risk of menarche before age 12 years compared to
those not reporting abuse.2? In contrast, history of physical abuse was not associated with
age at menarche. The current results are also consistent with previous studies in the NHS2
reporting stronger associations between sexual abuse and risk of type 2 diabetes® and CVD’
than physical abuse. Additional work is needed to disentangle the potentially differential
effects of physical and sexual abuse on stress reactivity, immune function, and chronic
disease risk.

In the current study, abuse history was self-reported on validated questionnaires in 2001.
Self-report of childhood abuse is likely more accurate than objective reports (i.e., police
records), as only a small proportion of cases are reported to authorities. The measures used
in the current study have good validity and reliability.3! Further, the levels of abuse reported
here are comparable to those in other surveys using similar instruments.k: 2 Childhood abuse
history as measured by our questionnaire predicted multiple outcomes associated with abuse
in other studies32 33 and in the current population, including prevalence of cigarette
smoking, antidepressant use and adult revictimization.13 Ultimately, any under-report of
abuse would likely lead to attenuation of relationships with inflammatory markers, rather
than amplification.

Although inflammatory markers measured in a single plasma sample were used as markers
of chronic inflammation, these factors appear stable over time. For example, intraclass
correlations for plasma cytokine levels in 82 men with plasma samples measured 4 years
apart were high (CRP=0.67; IL-6=0.47; sSTNFR2=0.78);34 however, some degree of error in
the measurement of laboratory values may have affected the ability to detect modest
associations, and may have attenuated results. One-time measures of inflammatory markers
have also been associated with long-term risk of diabetes3® and coronary heart disease.36
Although this analysis has evaluated CRP, IL-6 and sTNFR2 levels individually, there are
complex biological interactions among inflammatory factors involved in the immune
response. Further, this analysis was not able to evaluate specific molecular pathways linking
abuse history to effects on individual inflammatory markers. Future analyses with larger
sample sizes are needed to fully explore these important issues.

The current findings provide further evidence37-39 that abuse during adolescence and
possibly childhood has potential long-term implications for physical and psychological
health. These results suggest that early-life sexual abuse may affect adulthood levels of
inflammatory markers as much as established cardiovascular risk factors such as smoking.
Chronic inflammation is one mechanism potentially explaining observed higher risks of
CVD, diabetes and depression among women with a history of abuse.
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