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Abstract

Adverse experiences in early life have the ability to “get under the skin” and affect future health. 

This study examined the relative influence of adversities during childhood and adulthood in 

accounting for individual differences in pro-inflammatory gene expression in late life. Using a 

pilot-sample from the Health and Retirement Study (N=114) aged from 51-95, OLS regression 

models were run to determine the association between a composite score from three 

proinflammatory gene expression levels (PTGS2, ILIB, and IL8) and 1) childhood trauma, 2) 

childhood SES, 3) childhood health, 4) adult traumas, and 5) low SES in adulthood. Our results 

showed that only childhood trauma was found to be associated with increased inflammatory 

transcription in late life. Furthermore, examination of interaction effects showed that childhood 

trauma exacerbated the influence of low SES in adulthood on elevated levels of inflammatory 

gene expression—signifying that having low SES in adulthood was most damaging for persons 

who had experienced traumatic events during their childhood. Overall our study suggests that 

traumas experienced during childhood may alter the stress response, leading to more sensitive 

reactivity throughout the lifespan. As a result, individuals who experienced greater adversity in 

early life may be at higher risk of late life health outcomes, particularly if adulthood adversity 

related to SES persists.
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Introduction

Adverse life experiences have been linked to poorer health and increased risk of 

cardiovascular disease, diabetes, cancer, neurodegeneration, arthritis, and frailty (Kiecolt-

Glaser et al., 2002; Glass et al, 2010; Finch, 2007). Through eliciting neural and endocrine 

responses, stress has the ability to “get under the skin”, altering physiological functioning 

and disrupting homeostasis (McEwen, 2012). As environmental challenges arise, the body 

initiates a cascade of physiological responses in order to adapt to the changing environment. 

However, under chronic activation, this response—termed allostatic load—can lead to 

dysregulation of a number of systems, including the neuroendocrine and immune systems.
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Stress-related alterations in pro-inflammatory pathways have been hypothesized to be one of 

the major biological links through which the environment influences health (Miller et al., 

2009b). In both human and animal models, exposure to psycho-social stress has been shown 

to elicit increases in circulating levels of pro-inflammatory cytokines, and a number of 

studies have provided evidence to support the links between inflammation and adversity. 

Neuroendocrine responses to stress can up-regulate inflammation by enhancing the 

transcription of pro-inflammatory genes such as interleukin-1 beta (IL1B), interleukin-6 

(IL6), interleukin-8 (IL8), cyclooxygenase 2 (COX2/PTGS2) and tumor necrosis factor 

alpha (TNF) (Cole et al., 2013; Irwin & Cole, 2011). Through this mechanism, persistent 

stress may contribute to a chronic inflammatory environment, leading to downstream health 

consequences (Miller et al., 2009; Cole 2013).

In addition to the direct connections between chronic psychosocial stress and physiological 

functioning, there is also evidence that adversity during early life may influence health as 

individuals age. Recent studies have reported that persons with traumatic events, low SES, 

or poor health during childhood are at increased risk of morbidity and mortality as adults 

(Barnes et al., 2012; Montez et al., 2013; Warner & Hayward, 2006; Hayward & Gorman, 

2004; Banks et al., 2011; Blackwell et al., 2001). Some plausible non-stress pathways which 

might also contribute to differential gene expression include increased drinking and smoking 

as well as higher rates of obesity—by individuals who face significant or chronic adversity 

(Anda et al., 2010). Additionally, there is also evidence that stress during critical periods of 

development may have lasting molecular effects on transcription levels throughout late life

—implying that stress that has the potential to “get under the skin” may persist and possibly 

exacerbate responses to future events (Cole et al., 2012; Gluckman et al., 2008; Miller et al., 

2009a; Levine, 2005; Zhang et al., 2006). It has been suggested that physiological 

adaptations in response to adversity during development may contribute to “environmental 

programming” of the stress response via alterations in DNA methylation, histone 

acetylation, and transcription factor binding (Meaney & Szyf, 2005). Such effects have been 

well documented in animal models which demonstrate that elevated hypothalamic-pituitary-

adrenal axis (HPA) activation in adulthood can be traced back to alterations in chromatin 

structure that resulted from a stressful early-life environment (Meaney et al., 2007; Weaver 

et al., 2004; Fish et al., 2004).

The idea that early life events prompt biological changes with the potential to alter 

physiological responses to adversity is in line with the diathesis-stress model, which 

assumes individuals vary in their degree of vulnerability to everyday stressors (Meaney & 

Szyf, 2005). For instance, individuals who experienced stressful life events in childhood 

may be more reactive to changes in their environment later on, thus instigating an increased 

inflammatory response. There is evidence from both animal and human studies documenting 

the links between stressful conditions in early life and increased inflammatory response. 

Rhesus macaques reared under adverse conditions have been shown to have higher gene 

expression related to T-lymphocyte activation, inflammation, and cytokine signaling (Cole 

et al., 2012). Among humans, ages 25-40, low socioeconomic status (SES) during childhood 

was found to be associated with increased production of interleukin-6, as well as higher 
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expression of genes bearing response elements for the pro-inflammatory transcription factor 

NF-kappaB (Miller, 2009a).

Nevertheless, in examining inflammatory gene expression in late life, it is often difficult to 

disentangle the influences of adversity in early life and adulthood, especially in light of 

evidence of cumulative disadvantage, indicating that individuals who experience 

disadvantages in early life are more likely to experience adversity in late life (O'Rand, 1996, 

2003). Therefore, it is important to adopt a life course approach to studying the influence of 

stress on increased transcription of pro-inflammatory genes—by comparing the differential 

and cumulative effects of stress experienced at different points in the life course.

Using a pilot-sample from the Health and Retirement Study (HRS), we examined the 

associations between various stressors in childhood and adulthood and the quantitative 

expression level of three cardinal pro-inflammatory genes: cyclo-oxygenase 2 (COX2, also 

known as prostaglandin-endoperoxide synthase 2, PTGS2), ILIB, and IL8. We hypothesize 

that childhood exposure to adversity will be associated with more pronounced increase in 

inflammatory gene expression than later life exposures, and that early life adversity will also 

sensitize inflammatory gene expression to the effects of adversity encountered later in life.

Methods

Sample Description

Participants were a randomly-selected subsample of individuals from the HRS which is a 

longitudinal study of the U.S. population 50 years of age and older, conducted by the 

University of Michigan, under the sponsorship of the National Institute on Aging. The pilot 

sample consisted of about 200 respondents to the 2010 interview randomly selected from a 

group of 1000 respondents living in 13 areas who had completed a face-to-face interview in 

either 2006 or 2008. Selected respondents were asked to provide a blood sample in the near 

future. At the time of the interview, 15.9% declined to participate; an additional 14.8% did 

not complete the blood draw; the final completion rate was 69.3%, or 122 respondents who 

provided a blood sample. Of these 122, our final analytic sample was N=113. Excluded 

participants were those with missing data on childhood or adulthood adversity.

RNA Sample collection and measurement

This analysis uses blood samples collected into PAXgene RNA tubes and shipped overnight 

to a central lab for storage at -80C. RNA was extracted in parallel for all samples using an 

automated nucleic acid processing system (Qiagen QIAcube), and all samples were tested 

for suitable mass and purity (by spectrophotemetery on a Nanodrop ND1000 instrument) 

and for suitable RNA integrity (using an Agilent Bioanalzyer). 121 of the total 122 

PAXgene samples yielded suitable quantities of high-quality (intact) RNA. Six mRNA 

species were assayed by quantitative real-time reverse transcriptase polymerase chain 

reaction (RT-PCR). In duplicate RT-PCR assays of all 121 samples, results showed 

excellent reliability, with test-retest correlations averaging .87 (range .73-.96). The present 

analyses focus on the three assayed transcripts that assess inflammation (IL1B, IL8, PTGS2) 

and a housekeeping / normalization marker—ACTB. PTGS2 over-expression is often 
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induced by proinflammatory stimuli and is one of the main targets of NSAIDs (Sakoda et 

al., 2006), while ILIB and IL8 are both cytokines that are released by macrophages during 

an inflammatory response (Barksby et al., 2007). The two other genes assayed yet not 

included in the present study are indicators of distinct non-inflammatory biological 

processes: SOD2 as an indicator of oxidative stress, and IFI27 as an indicator of Type I 

interferon response.

Transcript abundance within each sample was quantified by standard threshold cycle 

analysis (Miller et al., 2009a), with values corresponding to approximately a log-2 

transformed value of the relative mRNA quantity. Replicate assays were run for each 

biological sample, yielding two measures per gene for each participant, and values were then 

averaged across the two runs. Normalized difference scores were calculated by subtracting 

participants' values for ACTB from their values for IL1B, IL8, and PTGS2. A composite 

score of pro-inflammatory gene expression was created by averaging across the normalized 

difference scores for PTGS2, IL1B, and IL8. Composite scores were generated 1) to reduce 

issues with multiple testing and 2) based on findings from previous studies showing that 

gene expression differences may be better observed when combining related genes rather 

than observing them individually, particularly given that individual gene expression is often 

vulnerable to noise and thus using combined measures of a similar process might yield a 

more accurate picture (Mootha et al., 2003; Segal et al., 2004; Nam et al., 2006). Finally, 

since threshold cycle numbers are inversely proportional to the quantity of RNA, composite 

values were centered and multiplied by -1.

Childhood and Later-Life Adversity

Three variables were used to represent adversity in early life—experience of traumatic 

events before age 18, low childhood SES, and poor childhood health—while two variables 

were used to represent adversity in adulthood—low SES, and experience of traumatic events 

after age 18 (Table 1). Information on childhood traumas and SES, as well as adult traumas 

were taken from the HRS Psychosocial Leave-Behind Participant Lifestyle Questionnaire. 

Half of the HRS sample were randomly assigned to receive the questionnaire in 2006 and 

the other half received it in 2008. Information on traumas used in this analysis was self-

reported using 9 items. Two questions were asked regarding particular traumas in childhood

—with participants being prompted to answer yes or no for each. These included: having a 

parent who drank or used drugs so often that it caused problems in the family, and being 

physically abused by a parent. A simple unweighted sum of the two traumas was calculated 

and used as a proxy for the level of childhood trauma. Previous reports provide evidence for 

good reliability for retrospective recall of childhood trauma and abuse (Dill et al., 1991; 

Turner et al., 1995) and Bernstein et al. (1994) conclude that retrospective reports of trauma 

tend to remain fairly stable over time and are often in agreement with informant reporting.

Later-life traumas were measured using seven yes-or-no questions asking whether given 

events occurred “at any point in [participant's] life”. For each event, participants were also 

asked when the event occurred, and for our study, only events occurring after age 18 were 

considered. The events included: having a child who died; being in a major fire, flood, 

earthquake, or other natural disaster; firing a weapon on being fired upon during combat; 
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having a spouse, partner or child who was addicted to drugs or alcohol; being a victim of a 

serious physical attack; having a life-threatening illness or accident; and having a spouse or 

child with a life-threatening illness or accident. Similar to the childhood traumas, a simple 

unweighted sum was used for the overall measure.

Childhood SES was assessed using a summary score of five dichotomous variables—self-

reported poverty, mother had less than 9 years of education, father had less than nine years 

of education, childhood family received financial help, and childhood family was forced to 

move for financial reasons. In our sample, 16 participants did not report parental education. 

In order to retain them, values for these participants were imputed using the nearest neighbor 

technique. Regression is used to predict a value for each participant, then the entire sample 

is sorted by predicted value, and cases with missing data are assigned the observed value for 

the case nearest to them in predicted value. Mother's education was imputed first based on a 

regression using respondent's year of birth, race/ethnicity and completed education. Father's 

education was then imputed based on the same variables in addition mother's education. 

Overall, there is evidence that retrospective assessments of childhood SES tend to be valid 

measures, and that even in older age, respondents tend to recall conditions with fairly good 

accuracy (Havari & Mazzonna, 2011; Krieger et al., 1998).

Childhood health was scored as a sum of the number of self-reported conditions, out of 

eight: asthma, diabetes, heart problems, ear problems, severe headaches/migraines, epilepsy/

seizures, respiratory problems, and hypertension. Retrospective measures of childhood 

health in the HRS survey have previously been found to be reliable and not biased by 

current health status (Haas, 2007; Smith, 2009). Finally, a single dichotomous variable—

having less than 9 years of education—was used to signify low SES in adulthood.

Sociodemographic Covariates

Age, sex, race, smoking, obesity, and drinking were included as covariates in analyses. Age 

was measured at the 2010 interview for all participants. Sex was based on self-report and 

coded as 1 for females and 0 for males. A dummy variable for white was coded based on 

self-reports of race. Three categories were created for smoking—participants reporting that 

they had not smoked at least 100 cigarettes during their lifetime were classified as never-

smokers and used as the reference group; participants reporting that they had smoked at least 

100 cigarettes during their lifetime, but no longer smoke were classified as former smokers; 

and participants reporting that they still smoke were classified as current smokers. A 

dichotomous variable was created for obesity, with those having a measured body mass 

index (BMI) of less than 30 coded as 0, and those with a BMI of 30 or greater coded as 1. 

Finally, a continuous variable was used for drinking based on participants' self-reported 

average weekly consumption of alcoholic beverages.

Statistical analysis

Ordinary least-squares regression models were used to determine the association between 

proinflammatory gene expression levels and 1) childhood traumas 2) childhood SES, 3) 

childhood health, 4) adult traumas, and 5) adult SES, to determine their relative association 

with expression levels when other stressors and sociodemographic and behavioral variables 
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were controlled. To examine whether increased trauma in childhood moderated the 

association between later life stress and proinflammatory gene expression levels, we tested 

for an interaction between early traumas and our two adult conditions—traumatic events and 

low SES.

Results

Sample Characteristics

As shown in Table 2, the final pilot sample (N=114) was 55.3% female; with a mean age of 

73.2 (s.d. 9.5), but with a wide spread (20.2% less than 65 and 29.0% over 80). Most 

respondents self-identified their race as white (92.1%). Approximately 30% of participants 

were classified as obese, and on average participants consumed 2.12 alcoholic beverages per 

week. About half of the participants were former smokers (54.4%) and 10.5% were current 

smokers.

The number of adult traumas ranged from 0-5, with a mean of 1.2 (s.d. 1.1), and the number 

of childhood traumas ranged from 0-2, with a mean of 0.2 (s.d. 0.4). The score for childhood 

SES ranged from 0-5, with a mean of 1.5 (s.d. 1.3). About 7% of participants had low adult 

SES, defined as having less than nine years of education. Participants had an average of 0.6 

(s.d. 1.0) health conditions in childhood, which ranged from 0-3. The centered mean for our 

composite score of proinflammatory gene expression was 0, with a range from -5.0 to 5.8 

and a standard deviation of 0.7. Finally, Table 3 shows the correlations between our 

childhood and adulthood adversity variables. Correlation coefficients ranged from 0.04 (for 

childhood health and adult trauma), to 0.40 (for childhood SES and adult SES).

Association between Trauma and Inflammatory Gene Expression

An unadjusted OLS model, which included all five adversity measures simultaneously, as 

well as a model adjusting for age, sex, race, smoking, obesity, and drinking was used to 

examine the association between expression levels among inflammatory genes and adversity 

in both childhood and adulthood (Table 4). Out of the five adversity variables, only 

childhood trauma was found to be significantly associated with the pro-inflammatory gene 

expression composite scores in both models. We found that an increase of one early life 

trauma was associated with a 0.32-0.34 increase in the RNA composite score (Unadjusted: 

β=0.34, P=.020; Adjusted: β=0.32, P=.045). Furthermore, the R-squared was R2=0.083 for 

the unadjusted model and R2=0.154 for the fully adjusted model. Childhood health 

(Unadjusted: β=-0.02, P=.770; Adjusted: β=-0.04, P=.575) and childhood SES were not 

associated with increased inflammatory gene expression in adulthood Unadjusted: β=0.07, 

P=.200; Adjusted: β=0.09, P=.146). Additionally, adult trauma (Unadjusted: β=0.04, P=.

520; Adjusted: β=0.04, P=.495) and SES (Unadjusted: β=-0.05, P=.835; Adjusted: β=0.10, 

P=.748) were also not significantly associated with higher RNA composite scores. 

Subsequently, models containing only one adversity variable at a time were also run, which 

produced nearly identical results—expression levels were only found to be associated with 

childhood adversity (results not shown).
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To test our stress-diathesis hypothesis, we examined how late life inflammatory gene 

expression was associated with the interaction between 1) childhood traumas and adult 

traumas, and 2) childhood traumas and adult SES (Table 5). In Model 1, which included the 

interaction between childhood and adult trauma, no significant associations were found for 

either childhood trauma (β=0.10, P=.66), adult trauma (β=-0.01, P=.87), or the interaction 

between the two (β=0.18, P=.18). However, for model 2, which included the interaction 

between childhood trauma and low SES in adulthood, while the main-effects for both 

variables were no longer significant (Childhood trauma: β=0.21, P=.17; Low SES: β=0.08, 

P=.79), the interaction between them was positively associated with expression (β=0.81, P=.

034). From this model, we estimated predicted means for the RNA composite score based 

on childhood trauma, adult SES, and their interaction (Figure 1). Results showed that there 

was no increase in expression levels associated with having low SES in adulthood among 

participants who reported having no early life traumas. However, for those reporting one 

early life trauma, proinflammatory gene expression were increased by an average of 1.85-

fold for low SES individuals. Finally, for those reporting two early life traumas the increase 

in gene expression with low SES was 3.24-fold, suggesting that this group may be the most 

affected by having low SES in adulthood.

Discussion

Our results suggest that childhood exposure to traumatic events is associated with elevated 

expression of pro-inflammatory genes in late adulthood, and that this may exacerbate the 

association between gene expression and low SES in adulthood.. The present results extend 

earlier research which suggests that negative experiences in early life are associated with 

increased inflammatory gene expression in adulthood by examining both childhood and 

adult stresses and their associations with later life gene expression (Miller et al., 2009; Cole 

et al., 2012; Cole et al., 2013; Irwin & Cole, 2011). This is the first study that has 

demonstrated evidence that the effects of early life experiences persist even into old age. 

These chronic inflammatory factors may underlie the link between early life adversity and 

late life morbidity that has been reported previously in the literature. It is well recognized 

that continuous low-grade inflammation is associated with increased risks for 

neurodegeneration, atherosclerosis, cancer, diabetes, chronic-obstructive pulmonary 

disorder, and arthritis. Chronically elevated inflammatory mechanisms influence diseases of 

aging via their damaging effects on tissue. Prolonged inflammation has also been shown to 

alter glucose metabolism, increase insulin resistance, and disrupt homeostasis. As a result, 

the chronic systemic inflammation associated with early life conditions may accelerate the 

accumulation of comorbid conditions throughout an individual's life.

The inflammatory response relies on a complex regulatory network, influenced by 

epigenetic mechanisms, and transcription factors, whose activity in later life may be 

determined through biological reprogramming in response to early life environment 

(Bayarsaihan, 2011). For instance, among primates, adversity early in life has been 

associated with over-expression of genes associated with inflammation, cytokine signaling, 

and T-lymphocyte activation, which was initiated by increased activation of NF-kB and 

CREB transcription factors (Cole et al., 2012). Taken together this suggests that individuals 

who were subject to adverse environments in early life may experience heightened nervous 
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system activity, and increased inflammatory expression, in response to stressors during 

adulthood, due to differences in persistent gene regulation dynamics established earlier in 

development.

This is consistent with our results which suggest that traumas experienced in childhood may 

prime individuals to have more reactive responses to adversity in the future, and as a result, 

stressors experienced across the lifetime may be more hazardous for this group relative to 

individuals with advantageous childhood environments. We found that among individuals 

with early life traumas, having low SES in adulthood was positively associated with levels 

of inflammatory expression in late life. However, there was no association found between 

low adult SES and gene expression for individuals who reported having no traumatic events 

in childhood. This also suggests that having higher SES in adulthood may attenuate the risks 

of an adverse childhood environment. This may be because the propensity towards a 

heightened response may only be harmful if events occur that initiate that response. 

Together, these findings are in line with the stress-diathesis model, which suggests 

individuals vary in their susceptibility to the harmful effects of stress.

There are a number of explanations for how early life adversity may contribute to 

differential susceptibility in adulthood. For instance there is evidence that chronic-stress 

mediated activation has the potential to lead to lasting alteration in the stress response. A 

study using mice showed that adverse early environments—defined in the study as low 

maternal investment measured by licking and grooming—caused demethylation at specific 

target sites, which contributed to increased stress response (Meaney & Szyf, 2005). 

Furthermore, they showed that these changes were sustained in adulthood. Epigenetic or 

other alterations in response to stress during “critical periods” of growth and development 

may modify brain function, and thus sensitize neural responsiveness to traumatic situations 

later in life. For instance, under stressful conditions, the persistently sensitized brain may 

elicit a heightened sympathetic nervous system response—the response associated with 

fight-or-flight—which has been shown to up-regulate sub-populations of immature 

monocytes, prompting increased leukocyte expression of proinflammatory genes (Powell et 

al., 2013).

Finally, another potential explanation is that individuals with early traumas may lose the 

ability to down-regulate inflammatory response, as a result of glucocorticoid resistance. 

Continued stress exposure is linked to chronic glucocorticoid secretion. Over time, the 

immune system may lose sensitivity in the receptors that bind to these hormones, and thus 

may not appropriately respond to secretion from the HPA axis which is meant to “turn-off” 

inflammatory activation (Miller et al., 2002).

While our study found a main effect for childhood trauma, we did not find significant 

associations between increased inflammatory expression and any of our other adversity 

measures. One potential explanation is that our sample size may have limited our ability to 

detect weaker associations. This study is just a first step in trying to understand how mind-

body connections operate over the lifecourse. It is important to acknowledge that the study 

relied on pilot data and thus it will be critical to replicate these findings using larger and 

more robust samples. While we did identify a significant association, the pilot study is still 
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subject to the risks and biases associated with relying on a small sample. Nevertheless, with 

replication, such studies may eventually serve as a proof of concept that environmental 

influences may be observable on a molecular level even over extended periods of time.

Another potential explanation for the significant finding for traumatic events but not 

childhood low SES is that while low SES in childhood may be stressful, the childhood 

traumas we investigated in this study may represent more extreme circumstances—having a 

physically abusive or substance addicted parent—thus eliciting a stronger persistent 

inflammatory response. Distinctions between the gravity of these two variables also has the 

potential to influence differences in the risk of measurement error. Given that both measures 

rely on retrospective self-reports, measurement error may arise if events are not well 

remembered or understood. Because of the significance of the traumatic events, this variable 

may have more reliable recall than other retrospective measures. Additionally, there is a 

chance that participants may not have been aware of some of the events that were asked 

about in constructing the childhood SES variable—such as whether their family moved for 

financial reasons, or received financial help. That being said, we cannot rule out the 

potential that low SES in childhood influences gene expression in adulthood, and these 

questions should be continue to be explored.

Our study also did not identify an association between worse childhood health and higher 

inflammatory gene expression. While it is reasonable to assume that compromised health in 

childhood may carry an inflammatory load that persists into adulthood, this relationship may 

be disease and severity dependent. Prior studies have shown a link between childhood 

asthma and inflammation (Michelson et al., 2009); however, in our sample the majority of 

the negative health conditions that were reported were ear problems or respiratory problems. 

Furthermore, of those reporting respiratory problems, none reported concurrent asthma. 

Thus, one explanation for the lack of association between childhood health and adult 

inflammatory expression is that the childhood health conditions reported in our sample may 

have been in reference to acute events—such as ear infections, bronchitis, or pneumonia—

which may not exhibit the lasting inflammatory effects seen in other conditions, like 

childhood asthma.

Likewise, there are additional limitations to this study which we wish to acknowledge. First, 

as previously noted, our sample size may have limited our statistical power to detect some 

associations and did not allow for significant multivariate analysis. Nevertheless, studies 

examining similar relationships at earlier ages have had as few as 31 cases (Chen et al., 

2009), suggesting that for this type of analysis, our sample size was acceptable. Second, the 

use of only three markers of gene expression may not fully capture what is occurring in the 

association between stress and inflammation. In moving forward, genome-wide RNA 

profiling would expand our understanding of how environment influences inflammation and 

health through its interactions with gene regulatory mechanisms. Finally, although we 

incorporated phenotypic data that accounted for adversity at various points in the life course, 

with the inclusion of larger sample sizes, analyses would likely benefit from the 

incorporation of information on event timing, and objective and subjective assessment of 

severity.
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Overall, our study showed that childhood traumas were significantly associated with 

elevated expression of proinflammatory genes during late life. Furthermore, we showed that 

experiencing these traumas during childhood may alter the association between later-life 

inflammatory gene expression and low SES, suggesting that early life adversity may 

increase later life reactivity to stress.
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Figure 1. The Association Between Predicted Means of Proinflammatory Gene Expression and 
the Interaction of Childhood Traumas and Low SES in Adulthood
The interaction between childhood traumas and low SES in adulthood was significantly 

associated with expression (β=0.81, P=.034). Among participants who reported experiencing 

two early life traumas, low SES in adulthood was positively associated with RNA composite 

scores of inflammatory gene expression. This association was less strong for participants 

who only reported experiencing one of the early life traumas. Finally, among those with no 

reported early life traumas, we found no significant difference in levels of gene expression 

between individuals with low SES and those with moderate or high SES. Error bars 

correspond to standard errors of predicted means.
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Table 1
Self-reported items used to measure adversity

Childhood SES (Possible Range 0-5)

 Before age 16, would you say your family during that time was pretty well off financially, about average, or poor? (poor=1)

 Before age 16, was there a time when you or your family received help from relatives because of financial difficulties?

 While you were growing up, before age 16, did financial difficulties ever cause you or your family to move to a different place?

 Mother had less than 9 years of education

 Father had less than 9 years of education

Childhood Traumas (Possible Range 0-2)

 Before you were 18 years old, did either of your parents drink or use drugs so often that it caused problems in the family?

 Before you were 18 years old, were you ever physically abused by either of your parents?

Childhood Health (Possible Range 0-8)

 Before you were 16 years old, did you have asthma?

 Before you were 16 years old, did you have diabetes?

 Before you were 16 years old, did you have heart problems?

 Before you were 16 years old, did you have ear problems?

 Before you were 16 years old, did you have severe headaches/migraines?

 Before you were 16 years old, did you have epilepsy/seizures?

 Before you were 16 years old, did you have respiratory problems?

 Before you were 16 years old, did you have hypertension?

Adulthood Traumas (Possible Range 0-7)

 Has a child of yours ever died?

 Have you ever been in a major fire, flood, earthquake, or other natural disaster?

 Have you ever fired a weapon in combat or been fired upon in combat?

 Has your spouse, partner, or child ever been addicted to drugs or alcohol?

 Were you the victim of a serious physical attack or assault in your life?

 Did you ever have a life-threatening illness or accident?

 Did your spouse or a child of yours ever have a life-threatening illness or accident?

Adulthood Low SES (0, 1)

 Participant had less than 9 years of education
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Table 2
Sample Characteristics (N=114)

Characteristics Values

Age (years), mean (sd) 73.2 (9.5)

Sex (Female=1), n (%) 63, 55.3%

Race (White=1), n (%) 105, 92.1%

Former Smoker, n (%) 62, 54.4%

Current Smoker, n (%) 12, 10.5%

Obesity, (%) 34, 29.8%

Drinks per Day, mean (sd) 2.1 (4.5)

Childhood Trauma, mean (sd) 0.2 (0.4)

Childhood SES, mean (sd) 1.5 (1.3)

Childhood Health Conditions, mean (sd) 0.6 (1.0)

Adulthood Traumas (count), mean (sd) 1.2 (1.1)

Low Adult SES, n (%) 8, 7.0%

Centered RNA Composite Score, mean (sd) 0 (0.7)
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Table 3
Pearson Correlations Between Childhood and Adulthood Adversity

Adulthood Traumas Low Adult SES Childhood Trauma Childhood SES

Adulthood Traumas

Low Adult SES -0.06

Childhood Trauma 0.14 0.04

Childhood SES 0.09 0.40 0.12

Childhood Health Conditions 0.04 -0.09 0.16 0.04
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Table 4
Coefficients from Ordinary Least-Squares Regression of the Association Between 
Childhood and Adulthood Adversity and Inflammatory Gene Expression

Unadjusted Model Adjusted Model

β Coefficient P-value β Coefficient P-value

Adversity Measure

 Adulthood Traumas 0.04 .520 0.04 .495

 Low Adult SES -0.05 .835 0.10 .748

 Childhood Trauma 0.34 .020 0.32 .045

 Childhood SES 0.07 .200 0.09 .146

 Childhood Health Conditions -0.02 .770 -0.04 .575

Sex (Female=1) 0.26 .050

Age 0.01 .902

Race (White=1, Non-White=0) 0.37 .201

Drinks -0.01 .432

Obese 0.04 .791

Smoking

 Former 0.21 .147

 Current 0.29 .253

R-Squared=0.083 R-Squared=0.154

Both the unadjusted and adjusted models contain all adversity variables simultaneously. Individual models containing only one adversity variable 
at a time were also run and produced similar results.
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Table 5
Association Between Inflammatory Gene Expression and the Interaction Between 
Childhood Traumas and Adulthood Traumas and SES

Main Effects

β Coefficient (SE) P-value

Model 1

 Childhood Traumas (Count) 0.10 .657

 Adult Traumas (Count) -0.01 .872

 Childhood × Adult Traumas 0.18 .183

R-squared 0.133

Model 2

 Childhood Traumas (Count) 0.21 .172

 Low Adult SES 0.08 .786

 Childhood × Low Adult SES 0.81 .034

R-squared .158

All models run adjusted for age, sex, race, smoking, drinking, and obesity
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