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Brandon Koretz, MDb, and Teresa E. Seeman, PhDb

aRAND Corporation

bDivision of Geriatrics, David Gefen School of Medicine, University of California, Los Angeles

cDavis School of Gerontology, University of Southern California

Abstract

Objectives—To determine whether there is a relationship between early life adversity (ELA) 

and biological parameters known to predict health risks and to examine the extent to which 

circumstances in midlife mediate this relationship.

Methods—We analyzed data on 1,180 respondents from the biomarker subsample of the second 

wave of the National Survey of Midlife Development in the United States (MIDUS) study. ELA 

assessments were based on childhood socioeconomic disadvantage (i.e. on welfare, perceived low 

income, less-educated parents) and other stressors (e.g., parental death, parental divorce, and 

parental physical abuse). The outcome variable was cumulative allostatic load (AL), a marker of 

biological risk. We also incorporate information on adult circumstances, including: education, 

social relationships, and health behaviors.

Results—Childhood socioeconomic adversity was associated with increased AL (B=0.094, 

SE=0.041) and physical abuse (B=0.263, SE=0.091), with non-significant associations for parental 

divorce and death. Adult education mediated the relationship between socioeconomic ELA and 

cumulative allostatic load to the point of non-significance, with this factor alone explaining nearly 

40% of the relationship. The association between childhood physical abuse and AL remained even 

after adjusting for adult educational attainments, social relationships, and health behaviors. These 

associations were most pronounced for secondary stress systems, including inflammation, 

cardiovascular function, and lipid metabolism.

Conclusions—The physiological consequences of early life socioeconomic adversity are 

attenuated by achieving high levels of schooling later on. The adverse consequences of childhood 

physical abuse, on the other hand, persist in multivariable adjusted analysis.
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INTRODUCTION

Early life adversity (ELA) has been linked to many facets of adult health, including 

increased risk of cardiovascular diseases, diabetes, cancer, inflammation, incidence of 

chronic disease, and overall mortality (1–16). Where people have looked at actual biology, 

work tends to focus on one or another parameter, but not cumulative biological risk profiles 

(14, 17, 18). One exception is recent work examining histories of socioeconomic status 

(SES) from childhood and beyond and its relationship to allostatic load in midlife (7). Yet, 

this work focuses exclusively on socioeconomic ELA, and less is known about links to other 

aspects of ELA.

The current analyses take as their primary focus the question of whether socioeconomic and 

other aspects of ELA are related to adult biological health risk profiles. Our outcome uses 

information on a wide array of biomarkers and biological systems and examines multi-

system physiological indices of biological dysregulation, often referred to as measures of 

allostatic load (19). The concept of allostatic load is a useful perspective for understanding 

the processes that link early life and adult health outcomes. Allostatic load is based on the 

notion of allostasis - that regulatory systems are constantly adjusting to the demands of 

everyday life. Systems that face frequent insults and more frequent adjustments may 

eventually lose their abilities to function effectively. Allostatic load refers to the cumulative 

load on the body of these constant efforts to adapt. For instance, frequent or persistent stress 

in early life may influence the physiological stress response and cause changes in 

physiology that lead to poorer health. We also consider different types of ELA and their 

relationship to cumulative biological risk. Distinguishing among different types of ELA 

allows us to better understand their respective relationships with later life outcomes and can 

provide potentially important information to support targeting of interventions in children 

(to minimize such exposures) and to identify “at risk” adults who have had such childhood 

exposures for subsequent efforts to mitigate the later adult health risks. Much of the research 

to date examining multiple types of ELA treats childhood adversity in terms of cumulative 

indices, which may include socioeconomic factors, family relationships, or some 

combination (2, 7, 11, 14, 20). This approach captures cumulative exposure to childhood 

stress, which has been suggested as a potential mechanism through which childhood 

circumstances alter physiology (4, 15). Cumulative indices are also often preferred as they 

take account of the fact that adversities frequently co-occur (2). Though less common, other 

work distinguishes among several different types of ELA (8, 21, 22), allowing for more in-

depth comparison of the relative effects of different types of childhood events and their 

consequences for adulthood health. This line of research allows for uncovering the 

differential effects of several different types of adversities and consequently provides 

opportunities for comparing across types of ELA to determine where effects are greatest.

The effects of ELA for health may be transmitted through a variety of social, environmental, 

or biological pathways into adulthood (23). Yet, there has been little attention in the 

literature to whether different types of ELA respond differently to different mediators. The 

two most commonly explored mediators are adult socioeconomic status and health 

behaviors. Both these factors have been linked to early life socioeconomic adversity and 

adult health. For instance, it is well known that individuals who grow up with 
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socioeconomically disadvantaged parents are more likely to be socioeconomic 

disadvantaged themselves (24) and adult SES is also related to health (25). In addition, 

individuals of low SES tend to have worse health behaviors (26, 27).

Another factor that may link ELA and health but is not often examined is adult social 

relationships. The quality of adult social relationships may be a mechanism through which 

childhood circumstances influence adult health. Children who grow up with abusive or 

neglectful parents have less stable, supportive, and satisfying social relationships later in life 

(28–31). Growing up with divorced parents also has long-run implications for marriage 

outcomes and social networks (32, 33). Substantial research also suggests that both positive 

and negative social relationships are critical for adult health (34–36). Inadequate social 

support networks, then, may be one factor linking early life hardship to adverse later life 

health. Moreover, while adult educational attainments may be expected to mediate many 

types of early life adversity, adult social relationships may be particularly salient for 

explaining the association between early social instability and health.

To date, formal evaluation of mediators of ELA remains sparse and an examination of the 

extent to which different mechanisms mediate different types of childhood adversities is 

even less well studied. Work that captures different aspects of early life already shows that 

the extent to which adult factors mediate early life circumstances varies by the type of early 

life condition (8, 21, 22). One study for instance, found that the link between early life 

socioeconomic conditions and mortality can be fully explained by adjusting for adult 

socioeconomic circumstances, but associations persist for family structure, even after 

controlling for adult socioeconomic circumstances, marital status, and health behaviors (8). 

Other work shows that childhood abuse has lasting effects on health even after controlling 

for adult education. Early financial strain and family structure, on the other hand, show 

fewer associations with health in similarly adjusted models (22). Though relatively sparse, 

available evidence suggests that the health consequences of childhood family circumstances 

and abuse appear to have more persistent independent effects than those of early life 

socioeconomic circumstances after controlling for other aspects of early and later life (21).

Current Study

We use data on a variety of measures of early life circumstances from the Midlife 

Development in the U.S. study (MIDUS) along with information on adult education, social 

relationships, and health behaviors and biophysical information. Analyses encompass 

several novel components including our use of an outcome reflecting cumulative adult 

biological risk profiles (rather than focusing on specific biological or disease outcomes) as 

well as our attention to ELAs that include both socioeconomic as well as other aspects of 

family adversity.

We build on prior work by explicitly addressing three central questions: (1) is ELA related 

to adult biological risk profiles, (2) how are different aspects of such ELA related to adult 

biological profiles, and (3) if such relationships are seen, to what extent do major adult 

socioeconomic, social relationship, and health behaviors mediate those relationships?
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DATA AND METHODS

The National Survey of Midlife Development in the United States (MIDUS) study was 

initiated in 1995 to determine how social, psychological, and behavioral factors interrelate to 

influence mental and physical health. The first wave collected socio-demographic and 

psychosocial data on 7,108 Americans, ages 25 to 74 years, from a representative sample of 

English-speaking, non-institutionalized adults residing in the contiguous 48 states, with 

oversampling of five metropolitan areas, twin pairs, and siblings. Of the original 7,108 

MIDUS participants, 4,963 were successfully re-contacted and completed the MIDUS II 30-

minute phone interview and two self-assessment questionnaires 9–10 years later using the 

original MIDUS protocols. The second wave of data also included an additional 

supplemental sample of 592 African Americans from Milwaukee to enhance the racial 

diversity of the sample.

The current study focuses on a subset of individuals from the main sample and Milwaukee 

supplement who participated in the biomarker substudy at the second wave. Participants 

were recruited for this subsample if they responded to the primary interview and lived in the 

Continental U.S. Participation in the MIDUS II biomarker project required a 2-day 

commitment and included travel to one of the three clinical research centers: University of 

California at Los Angeles, Georgetown University, and University of Wisconsin. Individuals 

who participated in this subsample were remarkably similar to the full MIDUS sample in 

terms of their health, age, sex, race, income, and marital status. The main difference was in 

educational attainments, with the biomarker subsample more likely to have a college degree 

and less likely to have completed only high school or some college (37). Of the 1,255 

individuals who participated in the biomarker study, 12 individuals were excluded from this 

analysis due to missing information on allostatic load, one was missing information on 

childhood adversity, 40 were missing information on demographic characteristics (mainly 

race), 8 had incomplete information on social relationships, and 14 had incomplete reports 

on health behaviors, for a total of 1,180 individuals in the analytic sample. Mean allostatic 

load scores were nearly identical for individuals excluded from this analysis due to missing 

data on childhood conditions and demographics as compared to those for individuals 

included in the final analytic sample.

Measures

Cumulative Biological Risk Profiles—The key outcome variable in these analyses is 

allostatic load (AL), a marker of cumulative biological risk that has been hypothesized to 

capture the biological pathways through which stressful experiences lead to chronic disease. 

This measure was constructed as a composite index combining information from a variety of 

biomarkers available for this subsample of MIDUS respondents. Biomarker measures reflect 

the functioning of seven physiological systems. Cardiovascular functioning included resting 

systolic and diastolic blood pressure and resting pulse. Measures of the sympathetic nervous 

system (SNS) included overnight urinary measures of epinephrine and norepinephrine. The 

parasympathetic nervous system (PNS) was indexed through several parameters of heart rate 

variability: low and high frequency spectral power, the standard deviation of R-R (heartbeat 

to heartbeat) intervals, and the root mean square of successive differences. Indicators of 
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hypothalamic pituitary adrenal axis (HPA) activity included a measure of overnight urinary 

cortisol and a serum measure of the hormone dehydroepiandrosterone sulfate (DHEA-S). 

Measures of inflammation included plasma C-reactive protein (CRP), fibrinogen, and serum 

measures of interleukin-6 (IL-6) and the soluble adhesion molecule-1 (ICAM-1). Lipid 

metabolism included high density lipoproteins (HDL) cholesterol, triglycerides, body mass 

index (BMI) and waist-hip ratio (WHR). Glucose metabolism was captured by levels of 

glycosylated hemoglobin, fasting glucose, and the homeostasis model of insulin resistance 

(HOMA-IR).

A multi-system allostatic load score was calculated as the sum of the seven physiological 

risk systems described above (i.e. SNS, PNS, HPA, cardiovascular, glucose metabolism, 

lipid, and inflammation). This measure has been validated and used in other papers using the 

MIDUS data (7). In order to capture physiological dysregulation across multiple systems, 

system risk indices were calculated as the proportion of individual biomarker indices within 

each system (ranging from 2 to 6) for which respondents fell into high risk quartiles. The 

risk categories were calculated for the main sample and were applied to the data for the main 

sample and Milwaukee (See (7), Table 1 for details regarding the construction of allostatic 

load).

System risk scores range from 0 to 1, with 1 indicating that all biomarkers in a particular 

system are high risk. Averaging within systems allows us to create a summary index with 

equal weighting for the 7 systems, avoiding “overweighting” systems where, for 

methodological reasons alone, more system parameters could be measured. Scores were 

only calculated if individuals had data for at least half of the biomarkers within a system. 

Most individuals had enough information for a score, with only 1 percent of respondents 

treated as missing. Allostatic load was calculated as the sum across these seven systems and 

thus ranges from 0 – 7, with higher scores indicating higher physiological dysregulation. 

Figure 1 shows the distribution of allostatic load for the analytic sample. In addition, 

sensitivity analyses were performed using two alternate constructions of these measures. 

The first used extensive medication information to reclassify individuals as at risk if their 

outcomes are controlled through drugs (e.g. someone on blood pressure medications would 

now be classified as “high risk”). Another version included additional information on 

cortisol response to stress tests in a laboratory setting in the marker of HPA-activity. Results 

were consistent with those reported here.

Early Life Adversity

Socioeconomic Adversity: Early life socioeconomic adversity was measured as the sum of 

three variables reported by respondents in the first wave of MIDUS data (Milwaukee 

respondents were asked this information at enrollment at Wave 2). All items are 

retrospective self-reports of adverse socioeconomic and socio-relational conditions in early 

life. The first two measures capture the financial situation in childhood. The first question 

asks respondents: “During your childhood and adolescence (up to age 18), was there ever a 

period of six months or more when your family was on welfare or ADC?” A response of yes 

was coded 1, no was coded 0. The next measure asked respondents to rate their relative 

financial situation on a four-point scale. They were asked, “When you were growing up (up 
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to age 18), was your family better off or worse off financially than the average family was at 

that time?” Responses ranged from 1 - A lot better off, to 7- A lot worse off. Responses of 

“somewhat worse off” and “a lot worse off” were coded 1 and 0 otherwise. The final 

measure captured parental education and was coded 1 if neither parent had a high school 

degree and 0 if at least one parent graduated from high school. In sensitivity analyses we 

also consider a version of this index without relative poverty, to account for the fact that 

measures of absolute and relative SES have different relationships with health (38); 

however, results were consistent, so we present the full index here.

Other Adversities: Retrospective self-reports of three aspects of other family hardships in 

childhood are investigated. All items are self-reports of adverse social events that occurred 

before the age of 18, as reported in the first wave of the MIDUS study (Wave 2 for 

Milwaukee). Two aspects of early childhood adversity include whether a parent died before 

the participant reached the age of 18 and whether parents divorced before the participant 

reached the age of 18. In addition, items in the Conflict Tactics Inventory (39), were used to 

capture potential physical abuse by mothers, fathers, and other family members. 

Respondents were asked to rate whether this occurred on a four point scale ranging from 

“never” to “often”. Consistent with other work using thresholds to delineate abuse (40), we 

coded individuals as 1 (indicating that they had experienced physical abuse) if they reported 

having sometimes or often experienced physical abuse by their mother or father. If they 

report never or rarely being physically abused by a parent, they are coded 0.

Total Adversity: All adversity scores were added together to capture total early life 

adversity (ELA). The possible range was from 0 – 6 adverse early life events.

Demographic Covariates—Analyses also control for race, age, and sex. Both race and 

sex were coded as dichotomous indicator variables, with the first indicating whether a 

respondent was white or nonwhite (using information from both waves of data) and the 

latter, whether male or female. Age in years at Wave 2 was included in these models. Non-

linearity in the age effect was tested as well, but the association between age and allostatic 

load was determined to be continuous. In the extended models, education at Wave 2 was 

included to capture adult socioeconomic circumstances.

Educational Attainment—Educational attainment was captured through three categories 

indicating whether the respondent completed (1) high school or less schooling; (2) some 

college; or (3) a college degree or more (16+ years of education).

Social Strain and Support—We include measures of both negative and positive aspects 

of socio-relational relationships – strain and support. Perceived social strain and support 

were assessed from items in the self-administered mail questionnaires at Wave 2 asking 

about participants’ perceptions of the frequency of various types of social relationships with 

spouse/partner (6 items), friends (4 items), and other family members (4 items). Scores for 

social support were calculated by taking the mean of four ratings (1 - not at all to 4 - a lot) 

across items capturing support (e.g., “how much can you rely on family (or friends) for help 

with a serious problem?”) and four ratings to assess reported levels of conflict/demands 
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(e.g., “how often do family members (or friends) make too many demands on you?”). This 

measure may be interpreted as an average across domains and across family members.

Health Behaviors—Three measures of health behaviors were included in the full models 

as potential mediating factors, as prior work suggests that the association between ELA may 

partially operate through the influence of health behaviors (2, 4, 14). Smoking status was 

coded as non-smoker, ex-smoker, or current smoker. Alcohol consumption was grouped into 

three categories: heavy, moderate, and light, based on NIAAA guidelines1. Physical activity 

was a weighted average of the number of hours of exercise per week weighted by the 

reported vigorousness of activity. That is, (1* hours of light exercise) + (2* hours of 

moderate exercise) + (3* hours of vigorous exercise)/3.

Analyses

Linear regression models, accounting for clustering by family membership (the sample 

included some twin and sibling pairs), were used to assess the relationship between ELA and 

total allostatic load. Models were run separately for total early life adversity, and then 

separately for the index of early life socioeconomic adversities, for parental death, parental 

divorce, and abuse from a parent. The baseline models control for age, race, sex, site of data 

collection (e.g. whether data were collected and processed in Georgetown, Madison, or Los 

Angeles), and for whether respondents were part of the Milwaukee subsample. Extended 

analyses incorporate information on adult circumstances including educational attainment, 

relationship quality (i.e. support/strain), and health behaviors as potential mediators. We test 

for mediation of the relation between childhood adversity and adult biological risk using the 

KHB-method developed by Karlson, Holm and Breen (41, 42). The KHB-method 

decomposes the total effect of a variable into direct and indirect effects, and is specifically 

used to overcome problems with mediation in analyses with binary or categorical variables. 

Some measures of nonlinear decomposition are problematic because the coefficients 

estimated in different models are not comparable with each other. The KHB-method rescales 

the models to make them comparable. Because several of our mediators are categorical (e.g. 

educational attainment, smoking) we use this method to compute the indirect effects. This 

analysis was performed using the KHB-module in Stata 12. In addition, we use 

bootstrapping methods to calculate 95% confidence intervals around this estimate. 

Bootstrapped confidence intervals around the indirect effects is the recommended method 

for assessing significance of the indirect effects as they are not generally normally 

distributed (43, 44).

RESULTS

Table 1 shows the descriptive characteristics of the sample overall. The average age was 

54.5 years old. The sample was largely white and relatively well-educated, with over 40% 

having a college degree. There was substantial variance in reported adversity, although the 

average was about one adverse event for the full sample (of a possible 6).

1“Helping Patients Who Drink Too Much: A Clinician’s Guide,” National Institute on Alcohol Abuse and Alcoholism. From: http://
pubs.niaaa.nih.gov/publications/Practitioner/CliniciansGuide2005/clinicians_guide.htm. Downloaded 3/01/10.
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A quarter of the sample grew up in families where neither parent had a college degree. Nine 

percent of the sample was on welfare at some point in childhood and 11% of the sample 

rated their families as being relatively less well off than that of their peers. About 19% of 

respondents were sometimes or often physically abused by a parent. This is comparable to 

rates found in the National Child Abuse and Neglect Data System (NCANDS), which 

reports that 17.8% of children were physically abused between 2005 and 2006 (45). 

Fourteen percent of the overall sample experienced parental divorce and 8% of respondents 

lost a parent before they reach adulthood.

Tables 2 and 3 examine the relationship between ELA and allostatic load, first with only 

basic controls, then with models adjusting for adult circumstances including adult education, 

social relationships, and health behaviors. The key difference between the two tables is that 

Table 2 examines overall ELA as an index and in Table 3 we distinguish among different 

types of ELA. In Table 2 we explore the association between allostatic load and total ELA – 

that is, the total combined score of the six possible adverse childhood events. Table 2 depicts 

five models. The first controls for only age, sex, race, and site of data collection. Models 2–4 

incorporate additional information on several of the hypothesized pathways through which 

ELA may be linked to allostatic load including, respectively, adult education, social 

relationships, and health behaviors. The final model includes all controls.

Results of Model 1 show that total ELA is significantly and positively associated with 

biological risk score. Indeed, for each additional adverse childhood experience, allostatic 

load increases by 0.093. Adjusting for educational attainments results in a decrease in the 

magnitude of the effect – to 0.070, yet the association remains statistically significant. 

Controls for social relationships and health behaviors also reduce the magnitude of the 

effect, though to a lesser extent. It is only once all three pathways are included in the model 

that the association between ELA and allostatic load is reduced to marginal statistical 

significance.

We also ran additional models predicting dysfunction in each of the seven subscales that 

make up the measure of allostatic load. These results are displayed in Table S1 

(Supplemental Digital Content 1). The strongest associations were for the secondary stress 

systems, including inflammation, cardiovascular function, and lipid metabolism, although 

the other systems also show trends in the expected direction, with more adversity in 

childhood predicting more physiological dysregulation in each of these domains. These 

findings are consistent with that of other work (7, 46)

Table 3 shows the results of analyses examining whether different types of ELA have 

different associations with biological risk in adulthood. We examine the three measures of 

socioeconomic adversity that comprise our index as well as other measures of ELA, 

including parental divorce, parental death, and parental physical abuse. The first model 

depicted in Table 3 shows the relationships between these measures of ELA and AL for a 

model that controls only for demographic and survey factors. These results show that for the 

socioeconomic components, all items – on welfare, perceived, low income, and parental low 

SES - have fairly large coefficients although only parental low education is statistically 

significantly related to overall biological risk score. For the non-socioeconomic measures of 
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ELA, only physical abuse by parents is statistically significant. Because only socioeconomic 

ELA and physical abuse are statistically significantly related to allostatic load, these are the 

focus of the remaining analyses.

We next examined the question of whether adult circumstances such as education, social 

relationships, and health behaviors mediate the relationship between ELA and biological 

risk, and whether the strength of mediation differs for different types of adversity. Table 3 

Models 2–4 control for the adult mechanisms discussed above. Model 2 shows that adult 

education alone completely mediates the relationship between overall socioeconomic 

adversity and allostatic load to the point of nonsignificance. Model 3 indicates that adult 

social relationships also reduce the magnitude of the effect, though to a lesser extent than 

educational attainment. Model 4 includes health behaviors, which do little to explain the 

relationship between socioeconomic adversity and allostatic load. The association between 

childhood physical abuse and allostatic load, on the other hand, is not explained by the 

mechanisms examined here. In and of themselves, each pathway does little to mediate this 

association. Even in the fully adjusted model, the relationship between childhood physical 

abuse and allostatic load remains statistically significant.

Table 4 shows the results of a formal mediation analysis using the KHB method with 

bootstrapped confidence intervals for the indirect effect, for early life socioeconomic 

adversity and for childhood physical abuse, the two factors significantly related to AL in 

Table 3. Table 4 shows that educational attainment alone explains 38% of the relationship 

between early life socioeconomic adversity and adult health. This is a statistically significant 

indirect effect. Social relationships explain 19 percent of this relationship (not statistically 

significant), health behaviors explain 12 percent (not statistically significant) and the full 

model of all adult mechanisms explains 61 percent of the relationship between 

socioeconomic ELA and AL (statistically significant indirect effect).

For childhood physical abuse, adult educational attainment explains much less – only 8% of 

this relationship, and is not a statistically significant mediator (95% CI includes 0). Social 

relationships explain 14 percent of this relationship, and health behaviors explain 11 percent 

of this relationship, but the indirect effects of both of these factors are also not statistically 

significant. Even with all adult factors included in one model, only 25 percent of the 

relationship between early life physical abuse and AL are explained (indirect effects are 

statistically significant).

DISCUSSION

Consistent with the life course theory of chronic disease (47) and other work examining 

early life adversity and biomarkers of health (7, 18, 48, 49), we show that early life 

circumstances have a lasting imprint on physiological regulation in midlife. More 

specifically, in our simplest model, for each adverse experience in childhood, allostatic load 

in middle life increased by 0.093. To put this in perspective, someone with three adverse 

experiences in childhood has the biological risk profile equivalent to an individual nine 

years his senior. Total ELA remains marginally related to biological risk score in midlife, 

even after adjusting for adult educational attainment, adult social support and strain, and 
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health behaviors. In supplemental analyses (see Table S1, Supplemental Digital Content 1), 

we also find stronger signals for secondary stress systems than primary ones, likely because 

secondary systems reflect long-term influences of exposures and primary (hormonal) ones 

reflect both long and short-term influences. Thus the childhood signal in the latter may be 

hidden in the ‘noise’ from current (adult) stressors. As noted, analyses of individual 

subscales suggested more modest (and frequently non-significant) associations while 

examination of an index reflecting the cumulative biological toll of ELA across multiple 

systems revealed significantly stronger effects. This highlights the potential importance of 

examining such multi-systems indices when investigating health effects of psychosocial 

factors that likely affect multiple rather than individual regulatory systems.

Unlike many studies that consider the accumulation of different adversities (2, 7, 11, 14, 20), 

we examined differences in the associations of different types of ELA with AL and found 

that parental education and physical abuse by parents were statistically significant. We also 

found evidence of variation in terms of the extent to which different adult factors explain 

away the relationship between early life adversity and adult biological risk score. For 

instance, we find that childhood socioeconomic adversity is completely mediated by adult 

education. The detrimental effect of physical abuse in early life, on the other hand, is more 

persistent even after controlling for multiple adult circumstances. This is consistent with a 

long line of work showing the inexorable consequences of abuse across multiple biological 

domains even after controlling for adult circumstances (4, 6, 22). In the mediation analyses 

we further show that adult education explains nearly 40% of the association between early 

life socioeconomic adversity and AL, but only 8% of the association between childhood 

physical abuse and AL. This suggests that a primary way of overcoming childhood 

socioeconomic adversity may be by achieving higher levels of education in adulthood. In 

contrast, educational attainment does not appear to ameliorate the consequences of 

childhood abuse to the same extent. In addition, although no mediator investigated here 

explains a large portion of the association between physical abuse and AL, adult social 

relationships explain more of this relationship than does educational attainments (14 percent 

as compared to 8 percent, respectively).

Even though we find that educational attainment can compensate for early life 

socioeconomic adversity, it must be noted that it is not so easy for everyone to obtain these 

higher levels of schooling. Individuals who experience ELA may not be as well-positioned 

to obtain higher levels of schooling as those who experience no ELA. In this sample, for 

instance, 54% of individuals with no early life adversity complete college as compared to 

only 23% of those with three or more adverse experiences. Having supportive social 

relationships and engaging in a healthy lifestyle are also more common among individuals 

who do not experience hardship in early life.

The key limitation of this work is its reliance on retrospective reports of early life and self-

reports, which may be subject to recall bias. However, a review paper examining the validity 

of retrospective recall of abuse, neglect, and family discord suggests that retrospective 

reports should lead to downwardly biased estimates, making it harder to achieve significant 

results (50). In addition, in results not shown here, we find high concordance in reports of 

early life characteristics among twin and sibling pairs in this dataset, which provides further 
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confirmation that reports for most of these measures are probably accurate or at the very 

least perceived similarly by multiple family members.

In sum, we expand upon previous work by examining the impact of ELA on cumulative 

adult biological risk profiles – a known predictor of increased risks for major adult health 

outcomes such as cognitive and physical impairment, CVD and mortality(51). We also parse 

out specific aspects of ELA (e.g., parental abuse, parental death, parental divorce, and 

socioeconomic factors) to see how these compare in their associations with health and to 

uncover how adult circumstances mediate these different aspects of childhood adversity. 

Our work suggests that it is important to distinguish among different types of ELA so as to 

understand how different early experiences alter trajectories of health, and to determine how 

to best ameliorate the effects of early life inequality. More work is needed to examine 

adverse events over the entire life course, and particularly at key developmental life stages, 

in order to assess more fully how hardships in early life relate to health over the long run. 

Better understanding of these risk processes is essential to any effective efforts to reduce or 

prevent the negative adult health consequences of early life adversity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Source of Funding.

This research was supported, in part, by Grants P01-AG020166, R01-AG19239, and R01- AG019239 from the 
National Institute on Aging to conduct a longitudinal follow-up of the MIDUS (Midlife in the United States) 
investigation. This work was also supported by grants R01-AG033067 (T. S.) and K01-AG028582 (T. G.) from the 
National Institute on Aging. The authors also thank the Robert Wood Johnson Foundation Health & Society 
Scholars program for its financial support. The original study was supported by the John D. and Catherine T. 
MacArthur Foundation Research Network on Successful Midlife Development.

The authors are grateful to Dana Miller-Martinez for help with variable construction and for comments on an early 
version of this work and to two anonymous reviewers for their valuable suggestions.

Glossary

AL allostatic load

BMI body mass index

CRP c-reactive protein

DHEA-S dehydroepiandrosterone sulfate

ELA early life adversity

HDL high density lipoproteins

HOMA-IR homeostasis model of insulin resistance

HPA hypothalamic pituitary adrenal axis

ICAM-1 intercellular adhesion molecule 1
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ICC intra class correlation coefficient

IL-6 interleukin-6

MIDUS midlife in the U.S. survey

PNS parasympathetic nervous system

SES socioeconomic status

SES socioeconomic status

SNS sympathetic nervous system

WHR waist-hip ratio
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Figure 1. 
Histogram of Allostatic Load
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Table 1

Descriptive Characteristics of the Sample (n=1,180)

M (SD) or Proportion Overall

Age, in years 54.52 (11.65)

Race White 0.78

Non-White 0.22

Education HS degree or less 0.28

Some College 0.29

College Degree+ 0.43

Sex Male 0.44

Female 0.57

Site of Data Collection West Coast 0.34

Midwest 0.44

East Coast 0.22

Smoking Past smoker 0.33

Currently smokes 0.15

Never smoked 0.52

Physical Activity Drinking Weighted hours of exercise/week 3.53 (6.01)

Light drinker 0.35

Moderate drinker 0.52

Heavy drinker 0.14

Adult Social Support (possible range: 1 – 4) 3.44 (0.49)

Adult Social Strain (possible range: 1 – 4) 2.02 (0.48)

Total Early Life Adversity (possible range: 0 – 6) 1.02 (1.05)

 Socioeconomic ELA (possible range: 0 – 3) 0.45 (0.70)

  On welfare in childhood 0.09

  Parents low education 0.25

  Perceived low SES in childhood 0.11

 Parental death before age 18 0.08

 Parental divorce before age 18 0.14

 Physical abuse by parents 0.19

Allostatic Load, sum of dysregulation 1.77 (1.05)
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Table 4

Test of mediation including percent variance explained by mediating factors, bootstrapped point estimate for 

indirect effects, and 95% confidence intervals for indirect effects (n=1,180).

M1
Baseline + Educational 

Attainment

M2
Baseline + Social 

Relationships

M3
Baseline + Health 

Behaviors

M4
Full Model

Early Life Socioeconomic Adversity (all)

 Percent explained 38.40 18.67 12.08 60.73

 Estimate of indirect effect 0.0360 0.0175 0.0113 0.0569

 Bootstrapped 95% confidence 
intervals for indirect effect

(0.0138 0.0582) (−0.0001 0.0351) −0.0078 0.0305) (0.0254 0.0885)

Early Life Physical Abuse

 Percent explained 8.22 13.87 10.78 24.65

 Estimate of indirect effect 0.0216 0.0365 0.0284 0.0649

 Bootstrapped 95% confidence 
intervals for indirect effect

(−0.0079 0.0512) (−0.0092 0.0822) −0.0111 0.0678) (0.0097, 0.1200)

Notes: Results of OLS regression models. Percent explained and indirect effects of adversity on allostatic load were calculated using the -khb- 
module in Stata12, developed by Karlson, Holm and Breen, with bootstrapped confidence interval. Standard errors in parentheses. Standard errors 
adjusted for families with multiple respondents. All models control for age, sex, race, Milwaukee, and site of data collection. In addition, Model 1 
controls for educational categories; Model 2 for adult social support and adult social strain, Model 3 for smoking, drinking, and physical activity; 
and Model 4 is the full model with all controls, including educational attainments, social relationships, and health behaviors.

+
p<.10,

*
p<.05,

**
p<.01
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