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Abstract

Research indicates that victims of childhood abuse have an increased risk of developing immune-related
disorders in adulthood. Elevated markers of inflammation under stressful conditions have been considered
as a plausible explanation for the high prevalence of such disorders among victims. Most studies related
to health disparities have focused on the effects of SES differences on health outcomes, but little research
has investigated whether the effects of early life adversity on inflammatory markers vary across age
groups. Guided by life course and selective mortality approaches, this study investigates the associations
between childhood abuse and inflammatory markers in adulthood and the extent to which the effects of
childhood abuse on inflammatory markers vary over the life course. Moreover, this study evaluates the
extent to which these associations are mediated by four plausible pathways: sleep problems, body mass
index (BMI), perceived stress, and family social ties. Data come from a biomarker study of the National
Survey of Midlife Development in the United States (MIDUS, n = 1,255). | use three inflammatory
biomarkers: interleukin (IL)-6, C-reactive protein (CRP), and fibrinogen. To test the selective mortality
hypothesis, | consider both all-cause mortality and attrition between the surveys of MIDUS | and MIDUS
I1. Using latent class analysis, | identify five distinct profiles of childhood abuse. To assess the age-related
patterns of inflammatory markers associated with the experience of childhood abuse, the five abuse
groups are categorized into two groups: no abuse and abuse. | find significant main effects and age-by-
abuse interaction effects on inflammatory markers. In the younger age groups (ages 34-44 and 45-54),
victims of childhood abuse have elevated markers of inflammation for all three biomarkers, compared to
non-victims. Yet, there are no significant effects of childhood abuse on elevated markers of inflammation
in the older age groups (ages 55-64 and 65-84). Victims of childhood abuse, compared to non-victims,
have greater mortality and attrition rates between MIDUS | and MIDUS I1, suggesting selective mortality
might contribute to a reduced gap in the markers of inflammation between the victims and non-victims in
the older age groups. High BMI, poor sleep quality, and weak family social ties partially explain why the
experience of childhood abuse increases the levels of inflammatory markers. High BMI, in particular, is
the most significant mediator for all the inflammatory biomarkers. My findings highlight the importance
of life course stages in understanding the effects of childhood abuse and its adverse health consequences.
Targeted interventions to prevent the consequences of childhood abuse need to be started at an early age
in order to help reduce the risk that individuals will develop chronic diseases through elevated markers of

inflammation in adulthood.
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Introduction

A life course perspective on health emphasizes the importance of early life experiences in the
development of chronic diseases in adulthood (Kuh et al. 2003). Numerous studies have indicated that
traumatic stress in early life, such as childhood abuse, increases the risk of developing various chronic
diseases. Both clinic- and population-based studies have reported that victims of childhood abuse are
particularly susceptible to developing disorders, such as allergies and asthma (Felitti et al. 1998; Lanier et
al. 2010), autoimmune disorders (Dube et al. 2009), and osteoarthritis (Fuller-Thomson et al. 2009).
Stress-induced immune dysfunction and unregulated inflammation may explain the elevated risk of
developing these types of diseases among victims of childhood abuse. Chronic stress and/or traumatic
stress interfere with the activation of the parts of the brain which are associated with the secretion of the
stress hormone cortisol, one of the most important anti-inflammatory hormones. Abnormal cortisol levels,
due to chronic and/or traumatic stress, can lead to a high concentration of inflammation biomarkers, such
as interleukin (IL)-6 and C-reactive protein (CRP) in the body (Kiecolt-Glaser et al. 2003). Elevated
inflammation levels play important roles in developing various chronic diseases (e.g., cancer and
cardiovascular diseases) and in increasing the mortality rate (Danesh et al. 1998; Harris et al. 1999).

An emerging body of research has demonstrated the associations between early life adversities
(e.g., childhood abuse and living with a substance abuser) and elevated markers of inflammation in both
young adulthood (Danese et al. 2007; Taylor et al. 2006) and midlife (Slopen et al. 2010). The
associations are consistently significant even after controlling for potential confounders and mediators
(e.g., demographics, socioeconomic status [SES]). While timely public interventions play a major role in
reducing health inequalities and may decrease the overall cost of care, few researchers have studied
whether the effect of childhood abuse on physiological dysregulation (e.g., inflammation) varies over the
life course.

Selective mortality and “age-as-leveler” theories suggest that differences in health status by SES
are the largest at middle age and converge in later years, perhaps due to premature death among

individuals of lower SES or due to biological fragility among old people regardless of their SES (House et



al. 2005). Similarly, disparities in levels of inflammatory markers between victims and non-victims of
childhood abuse might be narrower with age. Victims of childhood abuse, compared to non-victims, are
less likely to achieve higher SES (Currie and Widom 2010), and they are more likely to experience
subsequent negative life events (e.g., incarceration) (Widom and Maxfield 2001). Given these cumulative
life burdens and physiological loads, victims of childhood abuse, compared to non-victims, might have
elevated markers of inflammation at earlier ages and may die younger. Accordingly, disproportionate
attrition rates due to illness and premature death might eventually reduce the gap in levels of
inflammatory markers between victims and non-victims of childhood abuse in old age.

In addition, psychological and behavioral factors might contribute to understanding the
association between childhood abuse and elevated markers of inflammation. The literature documents that
unhealthy conditions, including poor sleep quality (Friedman et al. 2005a), elevated perceived stress
(McDade et al. 2006), high body weight (Visser et al. 1999), and small social networks (Loucks et al.
2006), are particularly associated with a high concentration of inflammatory markers in the body
(Kiecolt-Glaser et al. 2003). Victims of childhood abuse are more likely to experience these unhealthy
conditions (Bentley and Widom 2009; Danese et al. 2009; Gotlib and Wheaton 1997; Greenfield et al.
2011). Although previous research on childhood abuse and inflammation (Danese et al. 2009; Slopen et
al. 2010) has included some of these factors as either mediators or controls, to my knowledge no research
has studied the extent to which sleep quality and the quality of adult social relationships are potential
mediators that link childhood abuse to levels of inflammatory markers. Additionally, most prior studies
that link childhood abuse to elevated markers of inflammation are limited to samples consisting of young
adults. Further research is needed to understand the diverse mechanisms in older adults.

Using data from the National Survey of Midlife Development in the U.S. (MIDUS), my study
aims to address three issues which have not been fully investigated in prior studies. First, | investigate the
effects of childhood abuse on levels of inflammatory markers in midlife and beyond. 1 also test whether

the effects of childhood abuse decrease in magnitude, or even disappear, with an increase in age. Finally,



I examine multiple pathways which might connect childhood abuse to levels of inflammatory markers in
adulthood.
Background

According to a life course perspective on chronic disease, childhood experiences play an
important role in the development of adult diseases (Kuh et al. 2003). Research has demonstrated that
individuals who experience adversities in childhood (e.g., poverty, family violence) have an increased
risk of developing various chronic diseases, such as psychological disorders, cardiovascular diseases,
diabetes, and cancer. In particular, victims of childhood abuse, compared to non-victims, have an elevated
risk of developing such chronic diseases even after controlling for poor family environments in childhood
(Springer 2009). Both clinic- and population- based studies have indicated that victims of childhood
abuse are especially vulnerable to certain types of diseases over the life course, such as asthma in
childhood (Lanier et al. 2010), autoimmune diseases in adulthood (Dube et al. 2009), and multiple
sclerosis in adulthood (Spitzer et al. 2012). These types of diseases are directly or indirectly related to
altered immune function, such as abnormally enhanced or prolonged inflammation, in response to
stressful conditions. This evidence raises a question: how does the experience of childhood abuse
influence the immune system and ultimately increase susceptibility to such diseases?
Stress and Inflammation

According to theories related to stress and immunity, psychological stress and negative emotions
can alter activities in important brain structures, including the hippocampus and amygdala; the
hippocampus is related to the intake and interpretation of sensory stimuli while the amygdala is associated
with the generation of emotions based on appraisals (Lovallo 2005). Through these mechanisms, stress
stimulates two brain systems, the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic-adrenal-
medullary (SAM) axis, which release diverse stress hormones, for example, adrenocorticotrophine
(ACTH) and cortisol (Lovallo 2005). These hormones ultimately influence immune function in two

different ways: 1) by directly interacting with immune cells which have stress hormone receptors and 2)



by indirectly inducing the production of cytokines (Glaser and Kiecolt-Glaser 2005). Thus, the regulation
of stress hormones plays a role in controlling immune functions, including the inflammatory process.

Generally, inflammation is a series of processes that fight against the invasion of viruses or
bacteria, detecting invading pathogens, accumulating white blood cells at the site of infection, eliminating
the pathogens, and repairing tissue damage. The entire process is orchestrated by inflammatory cytokines
(e.g., interluekin-1R, IL-6, tumor necrosis factor-o), which are molecules secreted by white blood cells.
However, without regulation, healthy tissues are damaged by the secretion of massive amounts of
inflammatory cytokines; extreme levels of cytokines can even be lethal (e.g., toxic shock syndrome)
(Lovallo 2005).

Animal studies show that secretion of the stress hormone cortisol is associated with inflammatory
response. After a prolonged period of hyperactivity of the HPA axis, due to chronic or extreme stress, the
HPA axis becomes prone to “down-regulate” in response to stress (Gémez et al. 1996), and this hypo-
activity of the HPA axis results in the secretion of lower levels of stress hormones (Moncek et al. 2001),
which eventually leads to the development of severe chronic inflammation of the joints, such as arthritis
(Sternberg et al. 1989). These findings suggest that unregulated inflammation occurs under extreme stress
through the dysregulation of stress hormones.

Moreover, research documents significant associations between life stress and altered immune
function in humans. The experience of chronic stress and/or negative life events is significantly associated
with elevated levels of inflammatory cytokines. For example, older adults who take care of spouses with
dementia display increased levels of interleukin (IL)-6, one of the well-known cytokines that increases
inflammatory processes (Kiecolt-Glaser et al. 2003). Another study shows that parents who have been
caring for children with cancer display a diminished suppression of IL-6 in a glucocorticoid sensitivity
test, which suggests that chronic stress might impair some immune functions through cortisol
dysregulation (Miller et al. 2002). Childhood abuse has also been implicated in these associations.

The Associations between Childhood Abuse and Elevated Markers of Inflammation



Studies show that there are significant associations between early life adversities and elevated
levels of single and/or multiple inflammatory markers, including IL-6, CRP, and fibrinogen in adulthood.
For example, a prospective longitudinal study shows that childhood abuse and neglect are significantly
associated with increased levels of inflammation markers (CRP and fibrinogen) in young adulthood (age
32 years); the association between childhood abuse and high sensitive CRP levels remains significant,
even after accounting for potential confounders, including early life risks (low birth weight and childhood
SES), perceived adult stress, adult health, and health behaviors (Danese et al. 2007). A study, based on a
retrospective report of early life adversities, shows that low SES and harsh family environments in
childhood (e.g., living with a substance abuser and/or experiencing physical and/or emotional abuse) are
significantly related to elevated CRP in young adulthood (average age 40) through pathways involving
psychological problems and a high body mass index (BMI) (Taylor et al. 2006).

Another retrospective study indicates that experiencing more stressors throughout childhood and
adolescence (e.g., abuse, poverty, dropping out of school, parental alcoholism) is associated with higher
levels of multiple inflammatory markers (e.g., IL-6, CRP, fibrinogen) in midlife (average age 56) for
African Americans but not for Whites. The significant effects of early life adversities on the elevated
markers of inflammation among African Americans either is reduced or disappears after accounting for
several factors encountered throughout adulthood, including stressful life events, health conditions, and
risky health behaviors (Slopen et al. 2010), suggesting that later negative life events and unhealthy habits
in adulthood contribute to part of the association between childhood abuse and levels of inflammatory
markers. These three studies show important evidence of the associations between childhood abuse and
inflammation, yet, Danese et al. (2007) and Taylor et al. (2006) are limited to a sample which includes
only young adults and Slopen et al. (2010) and Taylor et al. (2006) use multiple generic adversities in
childhood as a predictor. It is important to replicate these studies using a sample of individuals with
different ages and to disentangle the effects of childhood abuse on inflammation from the effect of other

childhood adversities (e.g., poverty). Thus, the first hypothesis I test is:



Hypothesis 1: The experience of childhood abuse will be associated with elevated levels
of inflammatory markers among adults (ages 34-84), even after controlling for adverse

childhood environments.

Do the Effects of Childhood Abuse on Elevated Markers of Inflammation Vary over the Life
Course?

Little research has paid attention to whether the effects of childhood abuse on elevated markers of
inflammation are consistent across different age groups. Research indicates that elevated levels of
inflammation predict an increased risk of morbidity (Danesh et al. 1998) and mortality (Alley et al. 2007).
Therefore, because individuals who were abused during childhood have elevated markers of
inflammation, they are at increased risk of death, which might eventually lead to decreasing age
variations in the gap of levels of inflammatory markers between victims and non-victims of childhood
abuse across the life course. Selective mortality theory helps us to understand the potential age patterns of
the effects of childhood abuse on levels of inflammatory markers. According to this hypothesis,
differences in health status by SES are the largest at around middle age and then are narrowed in old age
or disappear in later old age (Crimmins et al. 2009; House et al. 2005). In other words, health and
mortality differentials at earlier ages lead to a nonrandom selection by SES, which eventually results in a
decrease in health inequality in later life. Thus, some of the victims of childhood abuse who were exposed
to several negative events and who have low SES and weak social ties might have a greater risk of
premature death, which might eventually reduce the differences in inflammation levels between victims

and non-victims of childhood abuse in old age. Thus, | would suggest a second two-fold hypothesis:

Hypothesis 2a: Disparities in levels of inflammatory marker between victims and non-
victims of childhood abuse will narrow with increasing age.

Hypothesis 2b: Victims of childhood abuse, compared to non-victims, will have greater
attrition rates due to death, which may explain why the gap in levels of inflammatory

markers between victims and non-victims diminishes in old age.



Psychosocial and Behavioral Pathways Linking Childhood Abuse and Elevated Markers of
Inflammation

Numerous studies have documented that victims of childhood abuse have a greater chance of
having various unhealthy conditions and engaging in unhealthy behaviors, which are known risk factors
for elevated markers of inflammation. Based on the literature, | consider four plausible psychosocial and
behavioral pathways linking childhood abuse to elevated markers of inflammation: sleep quality,
perceived stress, body mass index, and family social ties.

First, poor sleep quality, which is common among victims of childhood abuse (Greenfield et al.
2011), increases levels of inflammatory markers for both healthy and unhealthy individuals over different
ages. For instance, people with obstructive sleep apnea, a sleep disorder characterized by abnormal pauses
in breathing or instances of abnormally low breathing during sleep, tend to have elevated CRP levels
(Shamsuzzaman et al. 2002). In healthy young women, self-reported poor sleep quality is associated with
increased levels of CRP, but there is no significant association between poor sleep quality and IL-6
(Okuna et al. 2009). For women aged 61-90, poor sleep quality is significantly associated with elevated
levels of IL-6 (Friedman et al. 2005a). Accordingly, individuals with a history of childhood abuse might
have elevated markers of inflammation due to trouble sleeping, yet to my knowledge no prior study
investigates the extent to which sleep problems mediate the association. Following from these prior

findings, | propose a first hypothesis related to these plausible pathways:

Hypothesis 3a: Poor sleep quality will mediate the positive association between

childhood abuse and elevated levels of inflammatory markers.

Second, high levels of perceived stress might link the experience of childhood abuse to elevated
levels of inflammatory markers. Research indicates that long-term caregivers (ages 55 to 89), who take
care of spouses who have dementia, report significantly more perceived stress and loneliness than non-
caregivers, and they have elevated levels of IL-6 compared to their counterparts (Kiecolt-Glaser et al.

2003). Another study indicates that more perceived stress is significantly related to elevated levels of CRP



in middle-aged and older adults (ages 52 to 72), even after accounting for demographic characteristics and
health behaviors (McDade et al. 2006).

Individuals who were abused during childhood appear to experience high levels of stress in
adulthood (Hyman et al. 2007). Research indicates that individuals who are exposed to adverse
circumstances in early life have a greater risk of being exposed to additional adversities in later life,
namely stress proliferation (Pearlin et al. 2005), which might increase sensitivity to stressful situations
and cause elevated markers of inflammation. Danese et al. (2007) find that the experience of childhood
abuse predicts both increased levels of CRP and high levels of perceived stress for young adults (average
age of 32). Yet, perceived stress does not operate as a significant mediator in the association between
childhood abuse and increased levels of CRP for these young adults when demographic characteristics
(e.g., SES, gender) and medications are accounted for (Danese et al. 2007). Since negative life events and
stress accumulate with age, it is necessary to replicate the Danese et al. (2007) study in older populations.

Thus, I hypothesize a second mediating association:

Hypothesis 3b: High perceived stress will mediate the positive association between

childhood abuse and elevated levels of inflammatory markers.

Third, BMI is significantly associated with elevated markers of inflammation. Research finds that
obese people are more likely to be in a state of chronic inflammation, as indicated by elevated
inflammatory markers, such as IL-6 and CRP (Dandona et al. 2004). For example, young adults (age 17-
39) who are overweight or obese are more likely to have elevated CRP levels than those who have
healthier body weights (Visser et al. 1999). A prior study finds that BMI mediates the association
between early life adversity (e.g., childhood abuse) and elevated markers of inflammation (e.g., IL-6) for
African Americans in midlife (Slopen et al. 2010). Another study finds that early life adversity (e.g.,
physical and emotional abuse) appears to be significantly associated with elevated CRP through high

BMI (Taylor et al. 2006). These studies show that experiencing multiple early life stressors is



significantly associated with elevated markers of inflammation through high BMI, yet it is hard to specify
which form(s) of early stressors play(s) a significant role in increasing inflammation.

Research shows that victims of childhood abuse have an increased risk of being overweight and
obese after controlling for early life environments, negative coping skills, and unhealthy habits (Bentley
and Widom 2009). Thus, individuals who experienced childhood abuse, regardless of other early life
adversities (e.g., poverty), might have elevated markers of inflammation due to uncontrolled body weight.

Accordingly, I hypothesize a third mediating association:

Hypothesis 3c: High BMI will mediate the positive association between childhood abuse

and elevated levels of inflammatory markers.

Finally, the stress-buffering hypothesis (Cohen and Wills 1985) indicates that strong or high-
quality social ties operate as protectors from the potential pathogenic effects of stressful life events. That
is, strong social ties and support mitigate the effects of stressful events on perceived stress and helps
individuals utilize positive coping skills and health-promoting behaviors in order to relieve stress (Cohen
2004). Studies find that poor emotional relationships and social isolation are associated with elevated
markers of inflammation. For example, for women in midlife and old age, a high degree of social
engagement buffers the effect of poor sleep quality on elevated markers of inflammation, decreasing
levels of IL-6 (Friedman et al. 2005a). Another study shows that for both men and women in midlife
(average age 62), the size of their social network, measured by the Berkman—-Syme Social Network Index
(Berkman and Syme 1979), is inversely associated with levels of inflammatory markers (e.g., IL-6); the
association remain significant for men but not for women even after adjusting for potential confounders
(e.g., BMI and SES) (Loucks et al. 2006). Individuals with a history of childhood abuse, in general, may
have insufficient social resources (e.g., poor marital quality and social isolation) (Gotlib and Wheaton
1997) that might further increase their vulnerability to stressful situations. In contrast, sufficient social ties
and the utilization of social resources may operate as countervailing factors protecting against life’s

stressors even for victims of childhood abuse and may help them avoid having elevated markers of
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inflammation. Based on extensive evidence in the literature, | propose a final hypothesis for the mediating

associations:

Hypothesis 3d: Strong social ties will attenuate the positive association between

childhood abuse and levels of inflammatory markers.

Data and Methods
Sample

The sample for my study (n=1,255) comes from two subsamples of the Midlife Development in
the United States (MIDUS) biomarker study: one from the respondents who participated in both the
MIDUS | (1995-1996) and MIDUS 11 (2004-2005) surveys, and the other from a supplementary sample
of African Americans from Milwaukee, Wisconsin (2004-2005), called the Milwaukee sample. The data
for the biomarker study came from a two-day data-collection protocol at the General Clinical Research
Center (GCRC). The data were collected between 2004 and 2009. Participants stayed overnight at the
GCRC and completed the protocol with a clinician. This special module includes diverse biomarkers and
a detailed medical history as well as more comprehensive questions regarding childhood abuse than those
in MIDUS I. The data collection for MIDUS was approved by the Health Sciences Institutional Review
Board at the University of Wisconsin-Madison.

MIDUS is a national study of health and aging among U.S. residents, aged 25 to 74 (b. 1920-
1970), who were first interviewed between 1995 and 1996 (n = 7,108). The baseline study included a
national sample, which was obtained through random digit dialing (RDD), and consists of respondents,
siblings of many respondents (13% of the MIDUS | sample), and a national sample of twins (24% of the
MIDUS | sample) of the same age range as the national RDD sample. Respondents were limited to
English speaking, non-institutionalized adults. A longitudinal follow-up of the MIDUS sample was
conducted 10 years after the baseline assessment (2004-2005). At that point, a supplemental sample of
592 African Americans from Milwaukee, Wisconsin was recruited in order to investigate health in a

highly segregated U.S. city. MIDUS 11 assessed a wide array of psychological constructs and
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demographic characteristics as well as extensive health measures. Based on the primary survey, four
additional projects (Daily Diary Study, Cognitive Function, Bioindicators, and Neuroscience) were
conducted to explore the biopsychosocial pathways to various health outcomes (Love et al. 2010).

Of those who initially responded to the questions in the MIDUS I, 70% were interviewed in the
MIDUS Il and 21% of the MIDUS Il sample (n =1,054) and 39 % of Milwaukee sample (n = 201)
attended the clinical examination, resulting in a total of 1,255 respondents. Compared to the respondents
in the primary national sample (MIDUS 1), those in this subsample had higher levels of education and
personal income, visited doctors more frequently, and maintained an overall healthier life style (e.g. non-
smokers). They were, however, similar to the other respondents in terms of demographic (e.g., age,
gender, and marital status) and health characteristics (for a more detailed description of the study, consult
Love et al. 2010).

Measures

Dependent Variables. On the basis of prior research on inflammatory markers, | select three of
the commonly used biomarkers for inflammation (IL-6, CRP, and fibrinogen) and the summary of these
markers, called the inflammatory index. CRP and fibrinogen are molecules produced in the liver in
response to IL-6 (Friedman and Herd 2010). Like IL-6, high levels of CRP and fibrinogen are clinical
signals of elevated risk of inflammation in the body (Danesh et al. 1998). Fasting serum samples are
assayed for CRP, IL-6, and fibrinogen, based on the manufacturer guidelines (Dade Behring Inc.,
Deerfield, IL for CRP and fibrinogen; R&D Systems, Minneapolis, MN for IL-6). Immunonephelometric
assay is performed for the citrated plasma CRP and fibrinogen assay and enzyme-linked immunosoben
assay is performed for the IL-6 assay. For all three inflammation markers, the laboratory intra- and inter-
assay coefficients of variance are in acceptable ranges (< .13%) (Ryff et al. 2010). IL-6 (mean = 3.04; SD
= 3.04; skewness = 3.32) and CRP (mean = 3.02; SD = 4,02; skewness = 5.78) are log-transformed to
improve the normality of the distribution, which is consistent with prior studies (Danese et al. 2007;
Slopen et al. 2010). The inflammatory index is a summary of the high risk cut offs of the three

inflammatory markers and ranges from 0 to 3: CRP (> 3.0 mg/L), fibrinogen ( > 341 mg/dL for men and
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> 411 mg/dL for women) and the top quartile of the IL-6 level distribution ( > 3.47pg/dL). Tetrachoric
correlations between these three markers range from .49 to .57. Research indicates that top 25% of 1L-6
and high CRP (> 3.0 mg/L) are associated with mortality in the elderly (age 65+) (Harris et al. 1999) and
coronary health disease for all adults (Danesh et al. 1998).

Independent Variable. Childhood abuse history. Childhood abuse is used as a key indicator of
traumatic stress during childhood. The Childhood Trauma Questionnaire (CTQ); Bernstein and Fink 1998)
is used to evaluate the severity of physical, emotional, and sexual abuse up to the age of 16. The CTQ is a
well-validated questionnaire that contains 25 items divided among five subscales to assess the three
different types of abuse (physical, emotional, and sexual) and two different types of neglect (physical and
emotional). It also includes a three-item scale for minimization and denial to identify respondents who are
more likely to underreport negative events in childhood (e.g., “I had the best family in the world”).
Respondents answered questions about childhood abuse/neglect and minimization/denial, which were
measured on a scale ranging from 1 = “never true” to 5 = “very often true”. Based on the 15 CTQ items,
including the three types of abuse, and on the composite score from the three minimization/denial items, |
conduct latent class analysis (LCA) and create five classes of childhood abuse history (for details about
latent classes of childhood abuse, see Chapters 2 and 3). Since the sample size is too small to test the age-
by-abuse interaction effects for all the LCA classes, | create a dichotomous measure of childhood abuse:
no abuse (65%) vs. abuse (35%) including the four abuse classes from the LCA (see note 2).

Psychosocial and Behavioral Mediators. Sleep Quality. The Pittsburgh Sleep Quality Inventory
(Buysse et al. 1989), which is one of the most widely used subjective sleep quality scales of measurement
based on respondents’ self-reports, is used to evaluate sleep difficulties. This includes seven sleep
components: 1) subjective sleep quality, 2) sleep latency, 3) sleep duration, 4) habitual sleep efficiency, 5)
sleep disturbance, 6) use of sleep medications, and 7) daytime dysfunction. The response to items for each
component ranges from 0 to 3, with the higher scores indicating poorer subjective sleep quality. | use a
summary index of the seven sleep components as a measure of sleep quality, ranging from 0 to 21, which

is consistent with the measures used in prior studies (Friedman et al. 2005a; Okuna et al. 2009).
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Body Mass Index (BMI) is based on the data (body weight (kg)/ [height (m)]?) measured by the
GCRC staff. BMI is used as a continuous variable (Mean = 29.77; SD = 6.62), which is consistent with
prior studies (Slopen et al. 2010; Taylor et al. 2006). The 10-item perceived stress scale (Cohen et al.
1983) assesses the degree to which participants were consciously aware that their daily lives were
unpredictable, uncontrollable, and overloaded with life stress during the week prior to the interview.
Participants rated each item from never (=1) to very often (=5). A composite scale score of the 10 items
ranges from 10 to 50, a higher score indicating higher levels of perceived stress (Mean = 22.24; SD =
6.36; alpha =.86). Family social ties, which does not include spouse/partner, is a 6-item scale combining
the two items about “support given to family” (family rely on respondents for help with serious problems
and family discuss their worries with respondents), and four items about “strain given to family” (making
too many demands on family, criticizing family members, letting family down when they are counting on
respondents, and getting on family’s nerves). The 6 items are coded consistently, with a high score
signifying high levels of “family affectual solidarity” (1 = not at all through 4 = a lot). The scale of family
social ties is constructed by calculating the mean of the values of the 6 items ranging from 1 to 4 (Mean =
3.43; SD =.37). 1 did not include strain or support given to a spouse/partner as a part of family social ties
since 35% of respondents did not have a spouse/partner (31% of non-victims and 43% of victims). Prior
studies indicate that strong social ties are associated with health-promoting behaviors and positive health
outcomes (Grzywacz and Marks 1999; Kawachi and Berkman 2001).

Control Variables. To thoroughly test and describe age variation in the effect of childhood abuse
on inflammation, | use two different measures of the ages of the respondents at the time of MIDUS |1 (34-
84 years old): a linear covariate for testing the age-by-abuse interaction effect and a categorical variable
(ages 34-44, 45-54, 55-64, and 65-84) for better visualizing the age-by-abuse interaction effect. The first
age category (ages 34-44) is made up in order to compare findings in the current study and those in prior
studies on early life adversities in young adulthood (Danese et al. 2009; Taylor et al. 2006). The second
and third categories (ages 45-54 and ages 55-64) are selected based on a prior study based on the selective

mortality hypothesis (Robert et al. 2009). Given a small sample size for older people (age 65+),
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particularly for victims of childhood abuse (14% of the sample), the fourth category of age consists of all
respondents who are age of 65 or older.

In order to disentangle the effects of childhood abuse on inflammation from other early life
adversities and potential confounders, this study includes five sets of covariates: demographic
characteristics, such as SES and marital status (Friedman and Herd 2010; Loucks et al. 2006; O’Connor et
al. 2009), childhood environment (Slopen et al. 2010), chronic diseases (Alley et al. 2007), as well as
medications, which are significantly related to inflammation markers. Demographic variables include
gender (1 = female), race/ethnicity (white/non-white) and current marital status (married/cohabiting = 1
vs. separated, divorced, widowed, or never married = 0) at the time of the Bioindicators assessment. SES
is assessed by the participants’ educational attainment (less than high school [reference], high school,
college, more than maters’ degree).

For the childhood contexts, | use the highest level of parental (mother’s or father’s) education
(less than high school [reference], high school, more than high school), whether the respondents lived
with both their biological parents until the age of 16 (yes/no), and whether the family was on welfare or
Aid to Dependent Children (ADC) during childhood (yes/no).

History of chronic disease indicates whether the respondents have experienced a stroke or have
either diabetes or cancer (yes/no). I include the use of four types of medication: blood pressure
medication (yes/no), cholesterol-lowering medication (yes/no), steroids (yes/no), and antidepressants
(yes/no), as inventoried by the GCRC staff. | adjust for use of these medications based on research
showing the effect of these medications on circulation of inflammatory markers

Attrition. To assess the selective mortality hypothesis, | make two dichotomous indicators of
attrition rates: all causes of attrition (yes/no) and all causes of mortality (yes/no), to examine whether the
abused survivors were more likely than the non-abused respondents to fail to participate in the 2004
survey (MIDUS 1) (see note 1). These two indicators are consistent with a prior study regarding non-
random attrition for victims of childhood abuse (Springer 2009). I use self-reported mental health,

physical health, demographics, and childhood contexts as controls for the attrition test.
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Analytic Strategy

After the LCA of childhood abuse, analyses are carried out in four stages: 1) bivariate analyses
for characteristics of victims and non-victims of childhood abuse; 2) multivariate analyses in order to test
the age-by-abuse interaction effects; 3) mediation modeling to identify potential mediators; and 4)
supplementary analyses to test the selective mortality hypothesis.

In order to carry out subsequent analyses, in the first stage, | conduct bivariate analyses to
evaluate whether the childhood abuse groups differ in potential mediators and controls. In the second
stage, to examine the age variations in the associations between childhood abuse and inflammation
outcomes, | first test the main effects of childhood abuse on each inflammation marker after adjusting for
all controls. Second, I include the interaction term between childhood abuse and the linear measure of
age. To understand the pattern of the effects of childhood abuse on inflammation by age, | graph the mean
values of each individual inflammation maker within the abuse groups and the four age groups (ages 34-
44, 45-54, 55-64, and 65-84) with a 95% confidence interval (Cl). Multivariate ordinary least squares
(OLS) and zero-inflated Poisson regression are used to determine the associations between childhood
abuse and linear inflammatory markers (logged IL-6, logged CRP, and fibrinogen) and a count measure
of the inflammatory index, respectively.

In the third stage, | test the effects of potential mediators (Baron and Kenny 1986), examining the
extent to which each mediator significantly accounts for the association between childhood abuse and risk
of elevated inflammation levels. The four sets of mediators enter into the model, separately. To check
whether the mediators carry the effects of childhood abuse to elevated markers of inflammation, I use a
Sobel test (Sobel 1982). Finally, in case there are significant age-by-abuse interaction effects on
inflammatory markers, | conduct a supplementary analysis for a selective mortality hypothesis to
investigate whether abused respondents were more likely than non-abused ones to fail to participate in the
2004 survey (MIDUS 1) and whether the higher attrition rates of abused individuals are due to mortality.

The percentage of missing data is less than 13 percent when | apply listwise deletion. | impute the

missing data under the missing-at-random (MAR) assumption (Allison 2001) in order to alleviate the
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potential statistical power issues in subsequent analyses. All variables, except the dependent variables and
a mediator (social support from family, missing n = 6), are included in the imputation procedure. The
analyses are carried out using Mplus 6.0 (Muthén and Muthén 2008; Muthén and Muthén 2010) and
STATA 11.0 (STATA Corp, 2010). To correct intra-class correlation due to some respondents being from
the same family (e.g., twins or siblings, 12.61% in the biomarker study), | apply robust standard error
estimation.
Results
Characteristics of Abuse and No Abuse Respondents

Table 1 summarizes the results of the bivariate analyses for the characteristics of the abuse group
(35% of the respondents) and no-abuse group (65% of the respondents). Individuals with a history of
childhood abuse, compared to those who did not experience it, are younger (Mean s = 51.89 vs. Mean
anuse = 55.93); there are significant age variations in the two groups. In particular, the individuals who are
between 65 and 84 make up 25% of the no-abuse group, while individuals between these ages represent
14% of the abuse group, suggesting there might be a non-random selection bias due to the experience of
childhood abuse or cohort differences in reporting rates of childhood abuse. In addition, individuals with
a history of childhood abuse tend to be less educated, and they are more likely to be female and non-
white. The former are more likely to have grown up in families on welfare and are less likely to have
lived with parents until age 16. The mean inflammatory markers for individuals in the abuse group are
significantly higher for IL-6 and CRP, and the inflammation index; yet, there is no significant difference
between those in the abuse and no-abuse groups for fibrinogen (p = .23). Regarding the potential
mediators, the individuals in the abuse group have significantly poorer sleep quality, higher perceived
stress, higher BMI, and lower levels of family social ties, compared to those not abused.

[Table 1 about here]

Levels of Inflammatory Markers by Abuse and Age

In the baseline models (in Table 2), | test the first and second hypotheses regarding whether

individuals who experienced childhood abuse have elevated markers of inflammation and whether the
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effects of childhood abuse on elevated markers of inflammation vary by age after adjusting for all
controls. | find that there is not a significant main effect of childhood abuse on inflammatory markers (see
model 1 of Table 2), however a main effect emerges when the age-by-abuse interaction term is added into
the models (see model 2 of Table 2), indicating that the effects of childhood abuse on levels of
inflammatory makers are not consistent across ages. These life course patterns would have been
concealed in a model that failed to evaluate such interaction effects. Figures 1 through 4 illustrate the
means of inflammatory markers by abuse and age groups, after adjusting for all controls. Specifically,
Figure 1 shows that the experience of childhood abuse is significantly associated with elevated levels of
IL-6 for the two younger age groups (ages 34-44 and 45-54) but not for two older age groups (ages 55-64
and 65-84). In the younger age groups, the difference in IL-6 levels between the abuse and no-abuse
groups is wider for the 34-44 age group (difference agesss-44 = .32) than the 45-54 age group (difference
ages 45-55 = .16). Between the ages of 55-64, there is no significant difference in IL-6 levels between those
in the abuse and no-abuse groups. Between the ages of 65-84, the pattern reverses; those in the no-abuse
group have greater 1L-6 levels than those in the abuse group, although the difference is not significant.
[Figures 1 and 2 about here]

The results of CRP and fibrinogen shown in Figures 2 and 3, respectively, show similar patterns
to IL-6, except that the fibrinogen levels at ages 65-84 are significantly higher for individuals in the no-
abuse group compared to those in the abuse group. Finally, Figure 4 shows that the experience of
childhood abuse is significantly associated with elevated levels of the inflammatory index for the three
youngest age groups (ages 34-44, 45-54, and 55-64), but the association is inversely related for the oldest
group (ages 65-84). Overall, the results in Figures 1 through 4 indicate that a difference in levels of
inflammatory markers exists depending on whether the individuals experienced abuse or not; the
difference is largest at ages 34-44, smaller at ages 45-54, much smaller at ages 55-64, and disappears
between the ages of 65-84.

[Figure 3 and 4 about here]

Plausible Pathways Linking Childhood Abuse and Elevated Markers of Inflammation
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Models 3 to 6 of Table 3 show whether the four hypothesized pathways, including poor sleep
quality, perceived stress, BMI, and family social ties, explain the association between childhood abuse
and levels of inflammatory markers. Model 3 shows that the effects of childhood abuse on all
inflammatory outcomes are attenuated after including sleep quality, but the main effects and the
interaction effect are still significant. The Sobel tests show that poor sleep quality significantly links
childhood abuse to two elevated inflammatory makers: CRP (Sobel test p < .05) and the inflammatory
index (Sobel test p < .05) but not to fibrinogen (Sobel test p = .49) and IL-6 (Sobel test p =.07). Model 4
includes perceived stress as a mediator; there are no significant main effects of perceived stress on any of
the four inflammatory markers. Changes in the estimated main effects and the interaction effect on
inflammatory markers are small or change little before and after including perceived stress. These
findings indicate that perceived stress does not mediate the associations between childhood abuse and
elevated markers of inflammation in adulthood. In Model 5, including BMI as a mediator, all parameter
estimates for the main effects of childhood abuse on levels of inflammatory markers are reduced
significantly. Results of the Sobel tests indicate that BMI significantly mediates the associations between
childhood abuse and all inflammatory markers (all Sobel tests p < .01). Model 6 includes social ties as a
mediator. After including the mediator, the main effects of childhood abuse on inflammatory markers are
reduced substantially but are still significant. Results of the Sobel tests show that family social ties
significantly mediates the association between childhood abuse and elevated IL-6 (Sobel test p < .05) but
not for fibrinogen levels (Sobel test p = .06) and other two inflammatory markers.

Overall, this series of mediation models suggests that the associations between childhood abuse
and risk of elevated markers of inflammation partially operate through the effects of childhood abuse on
sleep quality, BMI, and/or family social ties. BMI, in particular, is the strongest mediator for all the
inflammatory markers.

[Table 2 about here]

Supplemental Analyses: Selective Mortality Theory
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To expand on the results regarding age variation on the effect of childhood abuse, | examine
whether the abused survivors were more likely than the non-abused respondents to fail to participate in
the 2004 survey (MIDUS II) The results in Table 3 show that the respondents who reported having
experienced physical abuse have greater rates of attrition in the 2004 survey (OR = 1.16, 95% CI = 1.01-
1.35), compared to the non-abused respondents, after adjusting for controls. In addition, individuals with
a history of physical abuse are more likely to leave the 2004 survey due to death (OR = 1.33, 95% ClI =
1.03-1.71). There are no age-by-abuse interaction effects on both risk of attrition and risk of death. That
is, the attrition rates and death rates are greater for abused individuals than for non-abused respondents,
yet the association does not vary significantly by age. These findings indicate selective mortality might
contribute to a reduced gap in the levels of inflammatory markers between victims and non-victims in the

older age groups.

[Table 3 about here]

Discussion

My study demonstrates that the experience of childhood abuse increases levels of inflammatory
markers in adulthood; | find that there are substantial age variations in levels of the markers between the
abuse and no-abuse groups. In the younger age groups (ages 34-44 and 45-54), abused individuals,
compared to non-abused ones, have elevated levels of IL-6, CRP, and fibrinogen, and they also have a
higher inflammatory index, a summary of these three markers. The differences in levels of inflammatory
markers between the two groups are larger for ages 34-44 than for ages 45-54. However, the effects of
childhood abuse on most measures of inflammatory markers are no longer statistically significant and
even reverse in the older age groups (ages 55-64 and 65-84). Overall, my findings are consistent with
those in a prior study showing the effects of childhood abuse on elevated markers of inflammation in
young adulthood (Danese et al. 2007). While the Danese et al. (2007) study is limited to a sample with a
cohort of children born in the 1970s in New Zealand, my study uses a U.S. nationally representative

sample including various cohorts of individuals born between 1920 and 1975. My study reveals that the
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effects of childhood abuse on elevated markers of inflammation are present only for young adults or
adults in early midlife.

The difference in levels of inflammatory markers across age groups within the abuse/no-abuse
groups supports the selective mortality hypothesis. The patterns of age-by-abuse interactions in levels of
inflammatory markers are similar to the findings in age-by-SES interactions in health outcomes in prior
studies (Crimmins et al. 2009). Yet, while SES disparities in health outcomes are the largest around
middle age, narrow in old age, and disappear in later old age, disparities in levels of inflammatory
markers within the abuse/no-abuse groups are the largest in young adulthood, narrow in midlife, and
disappear in old age. Given the cumulative life adversities and low SES achievements that the individuals
with a history of childhood abuse have experienced (Currie and Widom 2010; Maxfield and Widom
1996), they might suffer cognitive impairment, physical limitations, and chronic diseases at earlier ages,
which can eventually lead to higher mortality rates throughout the life course. These factors might be a
reason why the difference in levels of inflammatory markers between these two groups does not exist
beyond midlife.

Although cross-sectional data show that patterns of levels of inflammatory markers vary across
the life course, research has pointed out that cohort effects might confound these differences (House et al.
2005). Because public attention on childhood abuse and neglect has increased and cultural definitions of
abuse have changed over recent decades, individuals in older cohorts might not view corporal punishment
(e.g., being punished with hard objects or spanking) as abuse, whereas younger cohorts might report it as
abuse. On the other hand, older cohorts might consider the experience of childhood abuse as a stigma, so
they may be more likely to underreport their experience of childhood abuse. Thus, cohort differences in
the definition of childhood abuse might lead to a bias in the findings regarding the age patterns of
inflammation between victims and non-victims of childhood abuse. Due to the nature of the data, this
study does not separate the age effect from the cohort effect. Future studies need to consider both the

cohort and age effects when addressing childhood abuse and health consequences over the life course.
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The findings from supplementary analyses somewhat confirm the selective mortality hypothesis.
Abused individuals are more likely to fail to participate in the second wave of the MIDUS study, and one
reason is due to higher mortality among abused individuals between 1994 and 2004. | assume risk of
death might be greater for abused individuals in old adulthood, compared to in young adulthood, and that
might be a plausible explanation for why the effects of childhood abuse on markers of inflammation
disappear in later midlife and old age. However, | do not find an age-by-abuse interaction effect on either
the attrition or death rates, perhaps because | use short-term longitudinal data including diverse cohorts.
On the other hand, it is possible that individuals who experience childhood abuse and survive until old
age might have biological robustness and/or resilience, which might help them overcome the harm from
childhood abuse.

In additional supplementary analyses, interestingly, | find that there is an age-by-abuse interaction
effect on family social ties. An increase in family social ties by age is more dramatic for victims of
childhood abuse than non-victims. That is, disparities in social ties between the abuse and no-abuse
groups are largest in the 34-44 age group; these disparities are smaller with advancing age (data available
upon request). In the 65-84 age group, there is no significant difference in family social ties between
victims and non-victims. Given the association between strong family social ties and health-promoting
behaviors (Grzywacz and Marks 1999), the fact that victims of childhood abuse do not have higher levels
of inflammatory markers than non-victims in old age might be explained by similarities in the degree of
family social ties within each group. Future research needs to apply advanced analysis (e.g., a mediated
moderation analysis) to thoroughly investigate these associations.

Findings in the mediation analysis indicate that high BMI, poor sleep quality, and weak family
social ties partially explain the pathways through which the experience of childhood abuse increases
levels of inflammatory markers. Amid the mediators, high BMI plays a major role linking the experience
of childhood abuse to elevated markers of inflammation. Since heavy people tend to have sleep apnea,
which compromises their sleep quantity and quality (Wolk et al. 2003), BMI may be a more powerful

predictor than sleep. There is also a possibility of reverse causality. That is, the experience of childhood
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abuse may increase levels of inflammatory markers, and elevated markers of inflammation may increase
the risk of being obese. Recent research indicates either that there is a positive association between levels
of cytokines in early life and the development of obesity and type 2 diabetes, or that there are common
factors (e.g., poor diet) which cause both obesity and elevated markers of inflammation (Litonjua and
Gold 2008). Therefore, individuals with a history of childhood abuse might have elevated markers of
inflammation via either pathway. It is necessary for future research to include more time points to assess
the temporal order between potential mediators and outcomes.

There appears to be an independent association between childhood abuse and levels of
inflammatory markers even after accounting for various confounders and mediators. For example, all
variables, including childhood abuse, explain up to 26% of the variation of CRP levels. Unobserved and
unmeasured factors in this study might potentially explain the rest of the variation. These might include
common genetic predictors, maternal nutrition during pregnancy, birth weight, and infant weight gain
(Barker et al. 2002). Unhealthy behaviors over the life course, including insufficient exercise, sedentary
activity, poor diet, smoking, and alcohol use, might also explain why abused individuals have elevated
levels of inflammatory markers. Being exposed to poor physical environments (e.g., crowded or poor
housing conditions, and toxic exposures) (Cohen et al. 2010) might also increase the risk of being
exposed to pathogens and elevate the markers of inflammation for abused individuals. Additionally, given
the strong association between early life and adult victimization (Bensley et al. 2003), elevated markers of
inflammation in adulthood might be explained by the experience of abusive relationships in adulthood
(e.g., intimate partner violence). Accordingly, future research should consider investigating the extent to
which these multiple factors lead to elevated markers of inflammation in victims of abuse.

Limitations and Future Directions

This study has limitations that should be noted. When analyzing the age-by-abuse interaction
effects in a relatively small sample, I combine all four abuse groups generated by the LCA into one group,
called abuse. Therefore, | do not consider multiple subtypes of abuse or the severity of abuse. In addition,

given the relatively small size of the sample, | merge all individuals who are 65 or older into one group
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(ages 65-84). Future studies need to replicate my study with larger samples, examining various types of
childhood abuse across multiple age groups.

Research on the selective mortality hypothesis demonstrates that disparities in health conditions
by SES disappear in later old age (House et al. 2005). Individuals who experience abuse as children and
survive into later old age might have biological robustness, as well as psychological resiliency;
experiencing hardships in early life might help them resist or deal better with later life hardships, such as
the death of friends and family members or the need to care for an ill or disabled spouse, which are
common difficulties for older people (Glass et al. 1997). Little research has investigated how long abused
individuals will live, and if they are still alive in midlife and beyond, what are the conditions which made
them resilient. Some survivors of childhood abuse might develop skills in mobilizing resources, avoiding
stressful situations, and adopting positive coping strategies (Walsh et al. 2010) that eventually operate as
protective resources against stressors and physiological burdens and increase the individuals’ longevity
and quality of life. Future studies should explore these factors to better understand the long-term effects
of childhood abuse on lifelong health.

Moreover, since the questions about abuse were asked in midlife and required retrospective
evaluations of experiences that may have occurred as much as 50 years earlier, a recall bias in reporting
childhood abuse must be considered. There might be a possibility that individuals with mood disorders
might exaggerate or misrepresent the adversities they experienced during childhood (Widom and Morris
1997). Yet, memories of specific childhood experiences (e.g., positive relationships, negative events,
parental discipline) are highly stable (Yancura and Aldwin 2009), and recollections of traumatic events in
childhood tend to be fairly accurate (for a review, see Hardt and Rutter 2004). In supplementary analyses,
I also find both strong correlation and consistency between reports of physical abuse that were measured
at MIDUS | and MIDUS I1, with a 10-year gap. In addition, I find no interaction effect of depression
diagnosis (in MIDUS 1) in the association between reports of physical abuse, possibly indicating that
depression does not significantly affect the repeated reports of physical abuse over the 10-year span.

Given the use of slightly different measures at the two periods, the measures of self-reported childhood
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abuse in this study appear quite reliable. In addition, research on stressful events, subjective responses to
these events, and the various strategies employed to cope with them has pointed out the importance of
considering an individual’s subjective perceptions of stressors (Lazarus and Folkman 1984). That is, the
way that victims of childhood abuse assess the adversity of early life events might explain whether they
adopt negative or positive coping strategies and their concomitant health consequences.

Despite these limitations, there is much to be learned from this study. Overall, my findings
highlight the importance of life course stages in understanding the effects of childhood abuse and its
adverse health consequences. In order to help reduce the risk of developing chronic diseases through
elevated markers of inflammation in adulthood, targeted interventions to prevent the consequences of
childhood abuse (e.g., developing both positive emotional resources and close social ties and controlling
body mass index) need to be started at an early age. Furthermore, understanding the complex mechanisms
(e.g., the biological, cognitive, emotional, social and behavioral pathways) linking early life adversities to
later health outcomes can shed light on how to improve social services and public health interventions for

those who have experienced such adversities during childhood.
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Notes

1. For the supplementary analyses of attrition rates, | use severe physical abuse measured in MIDUS 1.
Severe physical abuse consists of five items from Conflict Tactics Inventory (CTI): 1) kicked, bit, or hit
you with a fist; 2) hit or tried to hit you with something; 3) beat you up; 4) choked you; and 5) burned or
scalded you. Severe physical abuse is coded as a dichotomous variable, 1 indicating that individuals
reported “often” or “sometimes” to any of the five CTI items and O indicating the others (“rarely” and
“never”). Cohen’s kappa between severe physical abuse (MIDUS I) and physical abuse (MIDUS 1I) is
.84.5%, indicating a very good agreement ( > .81%) and Tetrachoric correlation is .76.

2. Most victims of childhood abuse experienced multiple forms of abuse with different degree, yet most
previous studies have been limited to a measure representing a single type of childhood abuse (e.g.,
emotional, physical, or sexual abuse). Consistent with prior studies (e.g., Greenfield et al 2011), I conduct
latent class analysis and create and five distinct groups of childhood abuse. Due to the statistical power
issue in analyzing age-by-abuse interaction terms, | categorize these five groups into two general groups:
abuse vs. no abuse, including four abused groups. For the sensitivity test, | generate a dichotomous
measure of childhood abuse, called anyabuse (yes =1/ no = 0): 1 including respondents who answered
“sometimes, often, or, very often true” to any of the 15 CTQ items and 0 including respondents who
answered “rarely or never true” to all of the 15 CTQ items. Any abuse consists of 53% respondents who
reported any type of childhood abuse. I use a dichotomous measure generated by LCA analysis since
anyabuse (53%) seems to overestimate the prevalence of childhood abuse in the population and 100% of
the individuals who are categorized abuse also belong to anyabuse.
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Table 1 Bivariate Analysis for Abuse and No Abuse Respondents

Abuse No Abuse Total ¥ (df)
(n=437) (n=818) (n=1,255) or
Mean (SD) Mean (SD) Mean (SD) t-test (df)
Inflammatory markers
IL-6 (mg/L) 3.26 (3.25) 2.93(2.93) 3.04 (3.04) -1.82 (1241)
CRP (pg/dL) 3.34 (4.88) 2.86 (4.71) 3.02 (4.78) -1.68 (1233)
FGN (mg/dL) 353.09 (84.43) 346.72 (89.57) 348.92 (87.85) -1.21(1233)
Inflammatory index (0-3) .90 (1.01) 75 (.97) .80 (.99) -2.41 (1232)*
Potential mediators
Poor sleep quality (0-21) 7.41 (3.94) 5.63 (3.36) 6.25 (3.67) -10.31(1253)***
Perceived Stress Scale (10-50)  24.68 (0.34) 20.94 (0.19) 22.24 (0.18) -3.80 (1252)***
Body mass index (kg/m?) 30.73 (7.68) 29.25 (5.93) 29.77 (6.63) -8.43 (1253)***
Family social ties
(I=notatall -4 =alot) 3.31(0.40) 3.49 (0.34) 3.43(0.37) 8.46 (1247)
Covariates
Age (34-84) 51.89(10.55)  55.93 (12.05) 54.52(11.71) 5.91(1253)***
Age groups
34-44 22 27 23 29.90 (3)***
45-54 26 35 29
55-64 28 24 27
65-84 25 14 21
Female 68 51 57 31.24 (1)***
White 73 81 78 10.27 (1)**
Parental education
Less than high school 28 24 25 2.57(2)
High school 34 34 34
More than high school 38 42 41
Living with parents until age 16 71 81 77 13.7 (1)***
Family on welfare in childhood 16 6 9 36.9 (1)***
Married/cohabitating 57 69 65 15.5 (1)***
Education
High school or less 31 26 28 11.6 (3)**
Less than college 33 28 30
College 16 22 20
MA or more 19 23 22
Chronic diseases 24 28 27 2.23(2)
Medications
Antihypertension 35 37 37 0.46 (1)
Anticholesterol 24 30 28 5.37 (1)*
Steroids 14 11 12 1.22 (1)
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Note: ? chronic diseases indicate whether the respondents have experienced a stroke or have either type 2 diabetes or

cancer.



Table 2 Main and Mediation Effects of Childhood Abuse on Inflammatory Markers through Plausible Pathways

IL-6 (log) CRP (log) Fibrinogen Inflammation
n =1,239 n=1231 n=1231 Index

n=1,230
Model 1. Baseline Model
Abuse .06 (.05) .05 (.07) .91 (5.14) .08 (.07)
Age .01 (.002)***  -.005 (.003) .82 (.26)** .003 (.003)
Model fit R? = .150 R? =.103 R? = 117 ¥ (df) = 145 (17)
Model 2. Interaction Model
Abuse 49 (.21)* .92 (.35)** 64.12 (23.78)** .80 (.35)*
Age .01 (.002)*** .0003 (.004) 1.19 (.30)*** .008 (.004)*
Abuse x Age -.008 (.004)* -.02 (.006)** -1.19 (.44)** -.01 (.006)*
Model fit R? = .153 R? =.108 R?=.122 ¥* (df) = 146 (18)
Model 2. Poor Sleep
Abuse 46 (.21)* .87 (.35)** 62.92 (23.88)** .75 (.36)*
Age .01 (.002)*** 001 (.004) 1.20 (.30)*** .008 (.004)*
Abuse x Age -.008 (.004)* -.02 (.006)** -1.18 (.44)** -.01 (.006)*
Poor Sleep Quality .01 (.006)+ .02 (.01)* 49 (.71) .02 (.009)*
Model fit R? = .156 R? = .113 R? = .122 ¥* (df) = 153 (19)
Model 3. Perceived Stress
Abuse 48 (.21)* 95 (.34)** 64.15 (23.77)** .79 (.35)*
Age 10 (.002)***  -.00004 (.004)  1.19 (.30)*** .008 (.004)*
Abuse x Age -.008 (.004)* -.02 (.006)** -1.19 (.44)** -.01 (.006)*
Perceived Stress .001 (.003) -.005 (.006) -.007 (.38) .001(.005)
Model fit R? = .153 R? =.109 R?=.122 ¥* (df) = 147 (19)
Model 4. BMI
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Abuse 42 (.21)*

Age .01 (.002)***
Abuse x Age -.008 (.004)*
BMI .03 (.003)***
Model fit R =.223
Model 5. Family Social Ties

Abuse 43 (.21)*
Age .01 (.002)***
Abuse x Age -.007 (.004)
Family Social Ties -.12 (.06)*
Model fit R* = .156

79 (.31)**
.005 (.004)
-.02 (.006)**
.07 (.005)**=*
R? = 257

.88 (.35)*
.0002 (.96)
-.02 (.006)*
-.09 (.09)
R? =.109

57.52 (22.77)*
1.42 (.29)***
-1.14 (.43)**
3.48 (.43)***
R®=.182

57.31 (23.87)*
1.18 (.30)***
-1.11 (.44)*
-13.507

R? = .125

.65 (.35)

.01 (.004)**

-.01 (.006)

.05 (.004)***

¥* (df) = 338 (19)

.73 (.35)*

.008 (.004)

-.01 (.006)

-.15 (.09)

¥ (df) = 147 (19)

Note. All control variables (demographics, childhood environments, chronic diseases, SES, and medications) are adjusted for the models.

*p < .05; ** p <.01; *** p <.001.
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Table 3 Risks of Attrition and Mortality by Abuse and No-abuse Groups between MIDUS | (1994) and MIDUS 11 (2004)

Odds of Attrition (n = 5,814)

Odds of Death (n =5,814)

OR 95% ClI OR 95% CI
Severe physical abuse in childhood 1.16* (1.00-1.33) 1.33* (1.04-1.71)
Demographics
Age .93* (.87-.98) 2.82%** (2.45-3.26)
Female JTF* (.68-.88) 75* (.60-.93)
White AB** (.37-.54) 1.00 (.67-1.51)
Childhood context
Parental education
Less than high school (Reference) 1.00 1.00
High school .84* (.72-98) 94 (.73-1.21)
More than high school .64* (.54-.75) .96 (.73-1.27)
Family on welfare in childhood 1.29* (1.02-1.63) 1.25 (.83-1.88)
Health status (MIDUS I)
Physical health T5x** (.70-.81) 51 (.45-.57)***
Mental health 1.01 (.94-1.09) 1.21 (1.07-1.38)**
¥’ (df) 240.55 (9) 528.42 (9)

*p < .05; ** p <.01; *** p <.001.
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Figure 1 IL-6 Mean Levels by Abuse and Age Groups (birth year)
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Figure 2 CRP Mean Levels by Abuse and Age Groups (birth year)
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Figure 3 Fibrinogen Mean Levels by Abuse and Age Groups (birth year)
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Figure 4 Summary Scores of Inflammatory Markers by Abuse and Age Group (birth year)
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