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In this longitudinal study we investigate the influence of childhood disadvantage on midlife 

hypothalamic-pituitary-adrenal (HPA) axis regulation. Two mechanisms by which early life stress 

may affect later pathophysiology are through its influence on cognitive functioning or later 

socioeconomic (SES) disadvantage. We predicted that individual differences in young adult 

cognitive ability and midlife SES would mediate the influence of childhood disadvantage on 

midlife cortisol. On each of three nonconsecutive days, participants provided five salivary cortisol 

samples corresponding to their diurnal rhythm (N = 727 men; mean age 55, SD = 2.6). We 

calculated three measures of cortisol regulation (area-under-the curve cortisol reflecting total 

daytime cortisol output; cortisol-awakening-response; and wake-to-bed slope), averaging scores 

for each measure across multiple days. Childhood disadvantage combined four dichotomous 

indicators used previously by Rutter (1985): father low SES; mother education less than 12th 

grade; major family disruption/separation before age 18; and large family size (more than 5 

siblings). The two mediators were a measure of general cognitive ability assessed at age 20 and 

highest achieved midlife SES. Men from more disadvantaged childhoods were significantly more 

likely to have dysregulated cortisol at midlife, with higher daytime cortisol levels decades after 

their childhood experience. Effects of childhood disadvantage were both direct and indirect. 

Cognitive ability and adult SES, however, only partially mediated the associations between early 

life stress and midlife cortisol. Specific indirect effects accounted for 33.8% of the total effect of 

childhood disadvantage [β = 0.12 (0.05; 0.18)] on total daytime cortisol. Associations remained 

significant after accounting for ethnicity, smoking status, and self-reported depressive symptoms.
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1. Introduction

A number of studies find that children from disadvantaged backgrounds are more likely to 

exhibit immediate and long-term dysregulation of the hypothalamic-pituitary-adrenal (HPA) 

axis—the primary neuroendocrine system initiating the stress response. Forms of childhood 

disadvantage that disrupt the HPA axis include sociodemographic (parental low SES, 

maternal low education), environmental (housing, crowding), and psychological risks 

(family disruptions, seperations from parents, trauma, parental psychiatric illness) (Chen et 

al., 2010; Decker, 2000; Evans, 2003; Evans and Kim, 2007; Gustafsson et al., 2010a; 

Hunter et al., 2011; Luecken, 1998; Luecken and Appelhans, 2006; Nicolson, 2004; Pesonen 

et al., 2010). Furthermore, in response to subsequent stress, children subjected to trauma and 

other severe early life stress develop anxiety and depression, as well as persistent 

sensitization of corticotropin releasing factor receptor-mediated HPA responses (Hauger et 

al., 2006). Researchers find that accumulation of multiple childhood hardships, rather than 

the impact of individual risks, is particularly pathogenic (Evans, 2004; Rutter and Quinton, 

1977; Rutter et al., 1976).

The long-term influence of early life exposure to stress on the HPA axis may have potential 

implications for healthy aging (Hunter et al., 2011; Seeman et al., 2010; Taylor et al., 2011). 

The HPA axis has crucial regulatory links with multiple biological systems associated with 
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allostatic load as well as with sleep, mood, and brain; thus functioning of the HPA axis at 

midlife may be part of a path ultimately linking childhood disadvantage with later 

pathophysiology (McEwen and Gia-naros, 2010; Miller et al., 2009). Elevated cortisol in 

older adults predicts poorer cognitive function as well as higher prevalence of chronic 

medical illnesses and psychiatric disorders (Franz et al., 2011a; Lupien et al., 2009). 

Previous research also shows that, in adults, childhood adversity predicts higher levels of 

stress, lower educational attainment, later marital and occupational difficulties, higher 

prevalence and incidence of diseases, premature mortality, poorer health habits, poor mental 

health, and higher use of health care services (Anda et al., 2010; Centers for Disease 

Control, 2013; Rutter et al., 1976). Given these findings, understanding links between 

childhood environmental influences and neuroendocrine functioning at midlife has 

important public health implications.

Two possible mechanisms by which childhood adversity might affect HPA axis functioning 

in older adults are through its influences on cognitive ability and level of adult 

socioeconomic success. A sizable literature shows that, within a normal range of 

experiences, the effects of childhood environment on cognitive development are modest; in 

childhood environments marked by high levels of disadvantage, however, the effects of 

environment on cognitive development are substantial (Kremen et al., 2005; Rowe et al., 

1999; Rutter, 1985; Turkheimer et al., 2003). A number of paths by which childhood 

environment potentially influences cognitive ability and subsequent HPA axis functioning 

have been proposed. It may be that pre- and post- natal experiences in a disadvantaged 

family environment influence both physical and brain development; the compromised 

physical and brain development of the child likely affect stress responsivity, cognitive 

development, and neuroendocrine system functioning. Animal and human studies have 

shown that early stress and HPA axis dysregulation has deleterious effects on the brain and 

cognitive functioning (McEwen and Gianaros, 2010, 2011). Children from disadvantaged 

environments are more likely to develop problematic health behaviors (such as smoking, 

low exercise or poor diet) that affect HPA axis functioning. Lower cognitive ability is also 

associated with poorer educational and occupational adult outcomes that are likely to affect 

the HPA axis through increased stress and health risks (Franz et al., 2010a, 2011a; Hart et 

al., 2003; Kremen et al., 2007). Low SES adult occupations tend to be more dangerous, 

physically onerous, and lacking in personal control than higher SES occupations; across the 

life course, having lower cognitive ability may thus result in more exposure to stressors and 

less access to resources that enable individuals to cope with stress (Evans and Kim, 2007; 

Evans et al., 2008). Thus the effects of childhood disadvantage on HPA axis functioning 

may be indirect, through its influence on cognitive ability and/or through the effects of 

cognitive ability on adult SES (Bertrand et al., 2004; Hart et al., 2003; Hayward and 

Gorman, 2004). Alternatively the influence may be direct, and not mediated by accumulated 

adult disadvantages. Although there are some studies that examine associations between 

childhood adversity and/or adult SES in relation to adult cortisol regulation, little attention 

has been paid to the mediating role of cognitive ability. These associations are understudied, 

primarily because few longitudinal studies have data on indicators of familial disadvantage, 

early life cognitive ability and later life HPA axis functioning. In two separate longitudinal 

studies, cognitive ability in early life (childhood/late adolescence) predicted HPA axis 
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dysregulation in middle age (Franz et al., 2011a; Power et al., 2008); lower cognitive ability 

was associated with greater dysregulation.

Several studies of adults examined the influence of various indices of adult SES (e.g., 

education, occupation, income, social status) on HPA axis functioning. Overall there were 

two consistent patterns of note: (1) education, by itself, was not a strong correlate of cortisol 

level; and (2) in adult men, but not women, lower SES was associated with indicators of 

abnormal HPA regulation (e.g. elevated daytime cortisol, flat cortisol slopes). With regard to 

education, in four of six cross-sectional studies there was no association between 

participants' education and cortisol levels (Decker, 2000; Dowd and Goldman, 2006; Dowd 

et al., 2011; Gersten, 2008); findings were mixed in two studies (Brandtstadter et al., 1991; 

Fiocco et al., 2007). Education per se, however, is a poor indicator of SES or cognitive 

ability especially in older adults, minorities, or for women.

In contrast to results based on education, in seven out of eight studies adult men with lower 

adult social class (SES) or lower social power were more likely to have dysregulated cortisol 

(Cohen et al., 2006a, 2006b; Decker, 2000; Kumari et al., 2010; Rosmond and Bjorntorp, 

2000; Steptoe et al., 2003; Wright and Steptoe, 2005). In these studies social class was 

operationalized using varying combinations of income, occupation, and education. Two 

longitudinal studies found cumulative longitudinal influences of parental SES and adult SES 

on adult cortisol from childhood to midlife. Forty-fiveyear-old adults who experienced 

socioeconomic hardship in both childhood and adulthood had higher cortisol levels than 

other adults (Li et al., 2007). Similarly, coming from a low SES family background or being 

consistently low SES at age 16 and in adulthood predicted greater cortisol dysregulation 

(i.e., a higher cortisol awakening response) at age 43 (Gustafsson et al., 2010b). Neither of 

these studies accounted for the effects of childhood SES on cognitive ability or the 

contribution of cognitive ability to adult social class. Lower SES was associated with more 

problematic health habits such as smoking or poor sleep that have been found to affect 

cortisol (Cohen et al., 2006a).

In sum, more longitudinal studies are needed to determine the extent to which the effects of 

a disadvantaged childhood persist into later adulthood; very few studies examine multiple 

longitudinal influences that might account for the relationship between childhood 

disadvantage and later life HPA axis regulation. Little is known about whether specific 

characteristics of the individual, such as cognitive ability and adult socio-economic 

achievements mediate the long-term effects of a disadvantaged childhood. We reasoned that 

the effect of experiencing a hardship in childhood on later life cortisol secretion may be 

indirect—through its influence on early adult cognitive ability and midlife adult SES. Thus, 

we hypothesized that participants' cognitive ability at age 20 and midlife SES would mediate 

the association between childhood disadvantage and midlife cortisol.

2. Methods

2.1. Study population

Participants were all part of the Vietnam Era Twin Study of Aging — a longitudinal study of 

cognitive aging (VETSA 2002—2008) (Kremen et al., 2006). Participants in the VETSA 
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study were randomly selected from the Vietnam Era Twin Registry sample of over 3322 

male—male monozygotic and dizygotic twin pairs who had participated in an earlier study 

of psychological health (Tsuang et al., 2001). To be eligible for the VETSA, twins had to be 

between ages 51 and 59 when recruited and both members of a twin pair had to agree to 

participate. The VETSA cortisol study began two years after the start of VETSA data 

collection; all 795 remaining VETSA participants were automatically enrolled in the cortisol 

study. Of these 795 individuals, nine declined participation in the cortisol data collection, 

saliva samples from four were lost or spilled, five participants were missing more than one 

assay from a single day, and 35 participants taking corticosteroids were omitted from 

analyses, leaving a base sample of 742 participants (Franz et al., 2011a, 2010b). An addition 

15 participants were excluded from the analyses due to missing data on covariates included 

in the statistical models. Thus, the final sample for analysis was 727 individuals.

Participants traveled to laboratories either at the University of California, San Diego or to 

Boston University for a day-long series of assessments. Institutional Review Board approval 

was obtained at all sites, and all participants provided signed informed consent. The health 

and demographic status of VETSA cortisol participants was consistent with that of men in 

the same age group in the United States based on Center for Disease Control statistics 

(Kremen et al., 2006).

2.2. Salivary cortisol measure

We obtained saliva samples on each of three non-consecutive days: two days in participants' 

natural environments two to three weeks prior to the day of testing, and on the in-lab day of 

testing (Franz et al., 2010b). On each day participants provided five passive drool saliva 

samples: immediately after awakening, 30 min after awakening, 1000 h (or awake plus 4 h), 

1500 h (or awake plus 9 h), and bedtime; times were chosen to parallel diurnal cortisol 

patterns across the day. Participants were contacted in advance about their usual schedules 

so that reminder watches would be set to their individual daily patterns; participants received 

reminder calls and reminder watches as well as written instructions. Participants shipped 

saliva samples overnight to the University of California, Davis to be assayed.

An investigator (SPM) tested all saliva collection materials in advance to ensure that they 

did not influence cortisol assay results. We conducted salivary cortisol assays according to 

standardized procedures. Concentrations were estimated in duplicate using commercial 

radioimmunoassay kits (Siemens Medical Solutions Diagnostics, Los Angeles, CA). Assay 

procedures were modified to accommodate overall lower levels of cortisol in human saliva 

relative to plasma by: (1) diluting standards to concentrations ranging from 2.76 to 345 

nanomols per liter (nmol/L); (2) increasing sample volume to 200 μL, and (3) extending 

incubation times to 3 h. The modified assay displayed a linearity of 0.98 and sensitivity 

(least detectable dose) of 1.3854 nmol/L. Intra- and inter-assay coefficients of variation were 

3.962% and 5.662%.

Of the 13,311 possible saliva samples, 149 (1%) were missing due to technical problems. 

Participants with more than one assay missing from a day were omitted from analyses. If 

salivary cortisol concentrations at any time point exceeded 50 nmol/L the value was set to 

missing; in this sample, this value corresponded with cortisol concentrations three standard 
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deviations above the average awakening mean. We imputed scores for missing values only 

if the participant had no more than one missing value on a day. Cortisol values were natural 

log transformed prior to data analysis in order to normalize the distributions. More details 

about the cortisol protocol are available in previous publications (Franz et al., 2011a, 

2010b).

We used cortisol area-under-the-curve (AUC) averaged across the three days as our index of 

total daytime cortisol secretion; previous analyses showed that AUC cortisol measures are 

correlated .50-.69 across days [alpha = .79 (Franz et al., 2011a)]. AUC cortisol is based on 

values from all five time points in a day and accounts for minor differences in the amount of 

time between cortisol samples by adjusting for the actual times of the samples. AUC cortisol 

is considered an important summary measure of the magnitude of total cortisol output across 

a time period, in this case, across the day from wake to bedtime (Pruessner et al., 2003). 

Higher levels of AUC cortisol indicate higher levels of total daytime cortisol and thus, 

greater exposure to the effects of cortisol.

In order to compare results with those from other studies we included two other commonly-

used measures of cortisol dysregulation: the cortisol-awakening-response (CAR) and the 

wake-to-bed slope (Fekedulegn et al., 2007; Golden et al., 2011; Hellhammer et al., 2009; 

Kudielka et al., 2012). Flatter slopes across the day suggest that the individual is lacking the 

healthy diurnal rhythm (cortisol higher in the morning, low in the evening). CAR reflects the 

extent to which cortisol rises in the first half hour after awakening. In these data, the cross-

day consistency for these measures is much lower than that for AUC cortisol; in each case 

correlations between the in-lab and at-home days were substantially lower than correlations 

between the two at-home assessments (approximately r = .14 versus .24 for CAR and r = .21 

versus .43 for slope). Because of the low correlations between the in-lab day and the at-

home days we averaged the values just for days one and two for these measures.1 The alphas 

for the 2 day CAR and wake-to-bed slope (WBslope) measures were .38 and .60 

respectively indicating moderate to low levels of cross-day consistency for these measures.

2.3. Childhood disadvantage index

Based on work by Rutter (Rutter and Quinton, 1977; Rutter et al., 1976), Evans and Kim 

(2007) and Ouellet-Morin et al. (2008), we developed a composite index of childhood 

disadvantage using interview and questionnaire data about family history from the VETSA 

participants. A measure of family adversity from the Isle of Wight study summed six 

dichotomous indicators: (a) overcrowding in the home or large family size, (b) marital 

discord resulting in separations from one or both parents, (c) father with an unskilled/ 

semiskilled job, (d) maternal psychiatric problems and (e) paternal conviction of criminal 

behavior; previous research has found that risk is not linear but tends to be low under most 

“normal” conditions and only associated with poor outcomes at extreme levels (Rutter and 

1Note: In response to a reviewer's comment we analyzed the results for cortisol awakening response (CAR) and wake-to-bed 
(WBslope) measures of cortisol. Because of the low alphas for these measures when computed across three days and somewhat better 
alphas for the two-day measures, the results reported in Table 2 reflect two day averages for those cortisol measures. Post hoc, we 
compared results for a two-day AUC cortisol and a three-day AUC cortisol; results were nearly identical. The only difference in β was 
that for one value “midlife SES adjusted for Age 20 cognitive ability” the beta was 0.007 (.002; 0.01) rather than 0.006 (0.001; 0.012). 
In Table 2, we report the three day cortisol as an indicator of average total daytime output.
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Quinton, 1977; Rutter et al., 1976). Risk factors were defined dichotomously (0/1; absent/

present) based on theoretical and statistical criteria, then summed.

Use of composite indices is common for research questions where researchers want to 

identify groups with high levels of concomitant risks. When risks are correlated, creating a 

cumulative risk index reduces the concomitant risks to a single score, which then can be 

compared with scores from others (Hall, 2006). Examples of such indices include a variety 

of familial adversity indices based on cutoffs for certain types of familial characteristics 

(e.g., (Centers for Disease Control, 2013; Evans and Kim, 2007; Franz et al., 1991; Ouellet-

Morin et al., 2009; Rutter et al., 1976) and other commonly used measures of allostatic load, 

Charlson comorbidity index, or metabolic syndrome that involve identification of comorbid 

risks and relevant cut-offs for extreme values. Using a cumulative risk index based on 

multiple indicators is valuable for capturing a complex construct such as exposure to 

familial social and economic risks, particularly when the individual indicators are co-

occurring (Evans and Kim, 2007; Rutter et al., 1976). Large-scale research on childhood 

adversity suggests that because risk factors tend to cluster, using single indicators of risk are 

problematic because they tend to overestimate the contribution of exposure to a single risk 

to the outcome, they miss the wider context of the risk factor, and they may underestimate 

the effects of a meaningful constellation of risk factors on outcomes (Anda et al., 2010; 

Rutter et al., 1976).

The four indicators of childhood disadvantage from VETSA participants were: (1) low SES 

father; (2) mother not completing high school (<12 years education); (3) family disruption 

(separation from either or both parents for most of childhood prior to age 18 due to factors 

such as parental death, incapacity, separation, or divorce); and (4) family size (Blake, 1989; 

Rutter et al., 1976). With the exception of paternal criminality and maternal mental disorder 

which were not available in the VETSA study, these four indicators are comparable to 

indicators used in the Isle of Wight studies (Rutter and Quinton, 1977; Rutter et al., 1976). 

Because we only had four of Rutter's six indicators in the VETSA data, we call our measure 

childhood disadvantage to distinguish it from other adversity indices.

On the day of testing, participants were queried in detail about their parents' primary 

occupation and formal education level. Paternal SES was calculated based on a standard 

Hollingshead and Redlich formula that weighted, then combined father's occupation and 

education; first, the occupation score is weighted ×5 and education is weighted ×3 

(Hollingshead and Redlich, 1955). The Hollingshead and Redlich system defines 

occupational categories ranging from 0 (not working); 1,2,3,4 (menial labor; unskilled labor; 

semiskilled labor, skilled labor) to 9 (major professional). Levels take into account such 

characteristics as the training and skills necessary to perform a job, the level of autonomy 

and responsibility, the size of the business (“mom and pop” business versus international 

corporations), and managerial responsibilities. These elements are articulated in the scoring 

system. This way the twin and parental coding is based on comparable coding; for instance a 

father who was a plumber and a twin who was a plumber would receive the same 

occupational score. Father SES less than or equal to 32 on the weighted combined scale was 

considered low SES (reflecting, at maximum, a combination of less than a high school 

education and semi-skilled manual occupation or lower). Research on large families finds 
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that large families, especially in the context of other risk factors such as low parental SES is 

a risk factor for later poor outcomes; large family size had independent effects on 

educational attainment, even adjusting for other familial factors such as parental SES and 

education (Blake, 1989; Bradshaw et al., 2006). We defined large family size as families in 

the top quartile of the full sample; this corresponded with a family size greater than five 

children. Family size is clearly a contextual variable determined by social and cultural 

factors as well as fertility in a particular historic period (Blake, 1989; Galobardes et al., 

2008). The four dichotomous variables were summed to create the total childhood familial 

disadvantage score.

2.4. Young adult cognitive ability at age 20

A general cognitive ability test was administered to the participants when they were 

inducted into the military at, on average, age 20: the Armed Forces Qualification Test 

(AFQT Form 7A). The AFQT is a 50 min paper-and-pencil test with 100 multiple-choice 

items. The AFQT correlates highly (r = 0.84) with well-established measures of general 

cognitive ability such as the Wechsler Adult Intelligence Scale WAIS); average AFQT 

scores in this sample are approximately equivalent to a score of 105 on the WAIS (Lyons et 

al., 2009; Orme et al., 2001). AFQT scores were acquired from military records.

2.5. Participants' midlife SES

On the day of testing, participants were queried in detail to identify their primary occupation 

for most of their adulthood to that point in time (midlife) and their highest achieved formal 

education level. Participants' midlife SES was calculated with the same formula used to 

compute the fathers' SES (Hollingshead and Redlich, 1955). For the adult analyses, midlife 

SES was used as a continuous measure.

2.6. Covariates

Ethnicity was coded as white non-Hispanic (85% of sample) versus other. Current smoking 

was a dichotomous variable; 25% (183/742) of the sample currently smoked. Depressive 

symptoms were assessed using the Center for Epidemiologic Studies Depression Scale 

(CESD); Depressive symptoms were re-coded as a dichotomous variable. Having a CESD 

score greater than or equal to 16(14% of the sample) is considered a clinically meaningful 

risk for depression (Radloff, 1977). AUC cortisol was not associated with other covariates: 

cardiovascular problems (r = .003, ns), hypertension (r = .04, ns), diabetes (r = .01, ns), 

alcohol consumption (r = −.04, ns), or age (r = −.04, ns), so these covariates were not 

included in the models.

2.7. Statistical analyses

Linear mixed models were fit using the nlme package in R for each pathway in the multi-

step mediation model (see Fig. 1) (Hayes, 2009; Preacher and Hayes, 2008). We estimated 

and tested the significance of the indirect effects using a non-paramentric bootstrap 

approach.

Confidence intervals were obtained by performing 1000 bootstrap replicates from the 

sample of 727 individuals. Bootstrapping samples with replacement twin pairs from the 
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original sample were constrained to have the same number of monozygotic and dizygotic 

twins as in the original sample. Resampling with replacement was repeated 1000 times to 

obtain path estimates for all portions of the full model. The middle 95% of estimates for 

direct and indirect effects from these samples were used to create 95% confidence intervals 

(see Table 2). Bootstrapped confidence intervals are often considered to be preferable to 

traditional Sobel tests because they do not make any assumptions regarding the sampling 

distribution of the indirect effect (Hayes, 2009; Preacher and Hayes, 2008). Interpretation of 

bootstrap data is accomplished by examining whether zero is contained within the 95% 

confidence intervals. Results are significant if zero is not included in the 95% confidence 

intervals.

This innovative non-parametric bootstrapping procedure was designed to estimate the 

sampling distribution of the indirect effect when multiple mediators are examined (Hayes, 

2009; Preacher and Hayes, 2008). There are multiple benefits to using this approach: 

multiple mediators can be tested simultaneously, the non-parametric bootstrapping 

procedure makes no assumptions about the whether the indirect effects are normally 

distributed, and the number of statistical tests are reduced, thus minimizing the likelihood of 

Type 1 error. Linear mixed models were used because family-level variance within twin 

pairs needed to be accounted for. Although the sample is a twin sample, the present analyses 

were non-twin analyses in which the unit of analysis is the individual rather than the twin 

pair.

As depicted in Fig. 1, a multistep meditation model was conducted in order to examine the 

indirect effects of childhood disadvantage through young adult cognitive ability and midlife 

SES (Preacher and Hayes, 2008). In Fig. 1, the a paths reflect the effect of childhood 

disadvantage (the independent variable) on each mediator (M1; M2). The b paths reflect the 

effect of the mediator on midlife cortisol (the dependent variable) controlling for childhood 

disadvantage. The path labeled “e” reflects the association between age 20 cognitive ability 

and midlife SES. The specific indirect effects are represented by the product of ai × bi. Thus, 

mediation analyses of specific indirect effects involved simultaneous calculation of the 

extent to which participants' age 20 cognitive ability (M1) mediated the effect of childhood 

disadvantage on cortisol (path a1b1); the extent to which midlife SES (M2) mediated the 

childhood disadvantage-cortisol association (a2b2); and whether midlife SES mediated the 

effect of childhood disadvantage on cortisol, even after controlling for age 20 cognitive 

ability (path a1eb2). The c′ path reflects the direct effect of childhood disadvantage on 

midlife cortisol after controlling for the mediators and covariates. Finally, c (shown in the 

bottom portion of Fig. 1) represents the total effect of childhood socioeconomic 

disadvantage on midlife cortisol.

Ethnicity was included as a covariate in all models. Current smoking and depressive 

symptoms were only included in analyses involving M2 because they were assessed at 

midlife. All statistical tests were 2-tailed.
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3. Results

3.1. Descriptive statistics

Participants' average age when cortisol samples were collected was 55.9 (SD = 2.6, range 

51–60); average education was 13.8 (SD = 2.1) years. Most participants worked full-time 

(78%) and were married (79%).

Each separate childhood disadvantage indicator was coded as a binary variable (0,1) to 

indicate low or high risk; the four indicators were then summed to create a childhood 

disadvantage index. Correlations between the four childhood disadvantage indicators ranged 

from r = 0.35 p < .0001 (father SES with mother education); r = 0.12, 0.13 between family 

size and father SES/mother education respectively) to r = .01 between family disruption/

separation and the other measures; as can be seen in Table 1 these risks have varying 

influences on each of the later outcomes. Overall, the effect of the composite risk measure is 

stronger than the effects of the separate measures. High-risk (low SES) fathers had, on 

average, 9.35 (SD = 2.98) years of education and worked primarily as semiskilled manual 

laborers (mean occupational status = 3.44; SD = 0.89). Fathers with low-risk SES (scores > 

32) on average had completed high school (mean = 12.62 years of education; SD = 3.00) 

and worked in skilled, semi-professional occupations (mean = 6.43; SD = 1.32). Over half of 

the men in the VETSA sample came from low SES households (60.5%).

Mothers in the high-risk education group had, on average, 8.26 (SD = 2.18) years of 

education as compared with 12.59 (SD = 1.36) years of education in the low-risk mothers. 

Low-education mothers comprised 27.2% of mothers. Large (high-risk) families (>5 

children) averaged 7.79 children while low-risk family size averaged 3.73 children. The 

differences in education, occupation, and family size between high- and low-risk groups 

were all highly significant (p < .0001). Family disruptions occurred in 20.98% of the 

participants. Childhood disadvantage scores ranged from zero to four (mean 1.24, SD = 

1.07): 19.8% of the participants had no risks, 34.1% one risk, 28.8% two risks, 14.9% three 

risks, and 2.4% had four risks.

As can be seen in Table 1, in the unadjusted correlations, childhood disadvantage was 

significantly associated with AUC cortisol; that is, at midlife, participants' total daytime 

cortisol secretion was higher if their childhood environment was more adverse. Associations 

between childhood disadvantage and cortisol awakening response or wake-to-bed slope 

were not significant. Men coming from disadvantaged families had significantly lower age 

20 AFQTscores, lower midlife SES, and were more likely to still be smoking at midlife. 

They were also less likely to be non-white ethnicity. AFQT scores at age 20, smoking, and 

midlife SES were significantly associated with AUC cortisol at midlife, such that men with 

lower cognitive ability, lower SES and current smoking had higher levels of total daytime 

cortisol.

3.2. Bootstrapped Multi-Step Mediation Model

Nonparametric bootstrapping procedures for multistep mediation showed that age 20 AFQT 

scores (M1) and adult SES (M2) significantly mediated the influence of childhood 

disadvantage on midlife AUC cortisol levels (Table 2). In order to compare results across 
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measures, measures were standardized before analyses were conducted with the mean = 0 

and standard deviation = 1. The direct effect of childhood risks on midlife AUC cortisol 

adjusting for the influence of the mediators and covariates still remained significant (path c′: 

β = 0.08, 95% CI: [0.01,0.14]), thus AFQT scores and midlife SES only partially mediated 

the influence of childhood risks on midlife cortisol. Childhood disadvantage still had a direct 

influence on total daytime cortisol secretion decades later.

The total effect of childhood risks on midlife AUC cortisol (path c) can be partitioned into 

direct effects of childhood disadvantage (path c′) and total specific indirect effects, the latter 

referring to the effects of childhood disadvantage that are mediated through both young 

adult cognitive ability and midlife SES (a1b1 + a2b2 + a1eb2). The indirect effect of 

childhood disadvantage on cortisol secretion through adult SES was still significant even 

after controlling for the effect of age 20 cognitive ability (path a1eb2 β = 0.006; 95% CI: 

[0.001, 0.012]). The total specific indirect effects of childhood disadvantage on midlife 

AUC cortisol were 0.04 whereas the total effect of childhood disadvantage (direct plus 

indirect) was 0.12; thus, the total specific indirect effects accounted for 33.3% of the total 

effect of childhood disadvantage on midlife cortisol. This can be interpreted as indicating 

that, overall, each one standard deviation increase in familial disadvantage (a one unit 

increase) was associated with 0.12 of a standard deviation or .70 nmol/L increase in total 

daily output of cortisol at age 55 (Table 2). Most of that effect (two-thirds) was accounted 

for by the direct effects of childhood adversity. With regard to the indirect effects of 

childhood disadvantage through age 20 cognitive ability or SES, the increase in AUC 

cortisol at age 55 was 0.12 and 0.08 nmols/L per standard deviation increase in cognitive 

ability or SES respectively. Thus men with higher levels of hardship may have been 

chronically exposed to higher levels of cortisol.

In Fig. 2, standardized individual path estimates and confidence intervals are presented for 

associations between the independent and mediating variables and AUC cortisol. All of the 

path estimates are significant (none of the confidence intervals include zero). Because these 

results are presented in standardized units, they can be interpreted with use of the 

information on means and standard deviations in Table 1. Here we can see the direct 

influences between the various childhood disadvantage, the mediators, and total daily 

cortisol output. Here we see, for instance, that each one standard deviation increase in 

childhood disadvantage (a one unit increase) predicted the equivalent of a 3.3 unit decrease 

in IQ points (in terms of WAIS equivalents where one standard deviation equals 15 IQ 

points). A one standard deviation increase in age 20 cognitive ability represented a 0.583 

nmol/L decrease in AUC cortisol; consider here that a score of four on the childhood 

disadvantage index would predict close to a full standard deviation decrease in age 20 

cognitive ability. The effect of lifetime adult SES on AUC cortisol was comparable (path 

estimate −.10) to that of age 20 AFQT; for SES, a one standard deviation (10.81) difference 

in SES would be equivalent to the difference between dropping out of high school versus 

finishing high school or to working a semiskilled job rather than an unskilled job.

As can be seen in Table 2, results for effects of childhood disadvantage on the total indirect 

effect of childhood disadvantage on midlife WBslope and CAR were significant, but there 

was no direct effect of childhood disadvantage or total effect of childhood disadvantage on 
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these cortisol outcomes. For WBslope, the primary indirect effect appears to be through 

childhood risks' association with cognitive ability at age 20.

3.3. Post hoc analyses at individual time points across the day

These results were stronger for elevated total daytime cortisol rather than other forms of 

dysregulated cortisol such as the awakening response or a flattened wake to bed slope. We 

conducted post hoc analyses of extreme groups in the predictor variables to see if this 

pattern held up across the different predictor measures. Thus, at each of the five diurnal time 

points, we compared cortisol levels of individuals in the top and bottom quartiles of 

childhood disadvantage, AFQT age 20, and adult SES; smoking was examined as smokers 

versus nonsmokers (Fig. 3). Cortisol levels at each time point are the average for the three 

days. Type III comparisons for the predictor variables were made using mixed models, with 

family as the random effect and are presented in Table 3. As can be seen in Fig. 3, patterns 

of cortisol across the day were consistent for the four measures. Differences at individual 

time points were strongest for adult SES and smoking at awake-plus-30 min, and for AFQT, 

adult SES, and smoking at bedtime (Table 3). The overall pattern of the results across the 

day are consistent with the findings for AUC cortisol.

4. Discussion

Few studies have examined intervening measures that may account for the association 

between childhood socioeconomic disadvantage and HPA functioning in adulthood. In this 

study we examined two possible ways childhood disadvantage could indirectly affect 

midlife cortisol secretion: through its influence on the child's later cognitive ability and 

adulthood socioeconomic achievements. Childhood disadvantage was both directly and 

indirectly associated with cortisol secretion at age 55, even after adjusting for the effects of 

adult cognitive ability, adult SES, ethnicity, smoking status, and depressive symptoms. Men 

who grew up in more disadvantaged childhoods had greater HPA axis dysregulation— in the 

form of elevated cortisol secretion— at midlife than men coming from less disadvantaged 

households. However, young adult cognitive ability and midlife SES partially mediated the 

effects of childhood disadvantage on cortisol.

To our knowledge this is the first multi-step multiple mediation analysis simultaneously 

examining longitudinal indicators as links between socioeconomic disadvantage in 

childhood and midlife HPA axis functioning. In two earlier longitudinal studies, lower 

cognitive ability in childhood or early adulthood was associated with dysregulated cortisol 

secretion in middle adulthood (Franz et al., 2011a; Power et al., 2008). Both studies 

provided evidence for long-term influences of cognitive ability on different aspects of 

cortisol dysregulation as well as evidence that cortisol levels, adjusted for earlier cognitive 

ability, was associated with current cognitive performance. Other researchers have examined 

cumulative socioeconomic deprivation (Gustafsson et al., 2011; Li et al., 2007) but have not 

examined the long term contribution of cognitive ability, which clearly affects 

socioeconomic status. The present analyses provide evidence that other factors in the life 

course need to be taken into account when considering the impact of childhood stressful 

experiences on midlife HPA function.
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McEwen (2007) explains links between stress and HPA axis regulation using the concept of 

allostasis; allostasis refers “ to the active process by which the body responds to daily events 

and maintains homeostasis” (p. 880). Allostatic load occurs when events overload the body 

due to their frequency or severity, or when there is poor physiological regulation thereby 

challenging the organism's ability to maintain homeostasis. Both childhood and adulthood 

socioeconomic disadvantage have been shown to increase allostatic load (Seeman et al., 

2010). Allostatic load contributes to changes in multiple physiological systems: cortisol and 

DHEA secretion, parasympathetic dysregulation, increased inflammation, metabolic 

dysregulation. Existing pathophysiology, which may also be more likely to exist under 

conditions of socioeconomic disadvantage, also contributes to the organism's ability to deal 

with allostatic load. By increasing chronic wear and tear on the body's delicately balanced 

mutual regulatory systems, allostatic load contributes to the development of central and 

peripheral pathophysiology which in turn further increases allostatic load. Thus early 

experiences that challenge the body's ability to maintain homeostasis have the potential to 

stimulate chains of events that affect physiological functioning decades later.

A number of studies have also shown that allostatic load and/or HPA axis dysregulation are 

associated with structural changes in the brain, decreased synaptic plasticity, and epigenetic 

programming of glucocorticoid receptor expression in the brain (Kremen et al., 2010; 

McEwen and Gianaros, 2010, 2011; McGowan et al., 2009; Miller et al., 2009). Animal 

research has found associations between stressors and changes in spine density, dendritic 

length and branching in multiple brain regions connected with HPA axis functioning (e.g., 

prefrontal cortex, hippocampus, amygdala); yet these alterations appear to be reversible, 

especially in young adult mammals (Davidson and McEwen, 2012). In this study, it is 

possible that childhood stress/allostatic load had already affected brain development and 

HPA axis functioning by age 20.

Cognitive ability and adult SES only partially mediated the childhood influences on adult 

cortisol. Our analysis indicated that the rest of the association was accounted for by a direct 

effect of childhood disadvantage on adult cortisol, but it is also possible that additional 

mechanisms that were not measured might explain some of the effects. Three putative 

mediators from childhood include childhood adversity/ trauma, maternal warmth/parental 

responsiveness and birth weight which other researchers have found to contribute directly 

and indirectly to HPA axis dysregulation (Engert et al., 2010; Heim et al., 2008; Saridjan et 

al., 2010). However, we did not have detailed information on any of these indicators from 

childhood in this sample. Some researchers have argued that it may be the quality of the 

parent—child bond, not the economic stress on the family that is more important in the long 

run (though economic stress may have adverse influences on the quality of the parent—child 

bond) but we were unable to examine the quality of childrearing in this sample (Davidson 

and McEwen, 2012; Levine, 2000).

In addition to the contribution of early life allostatic load to pathophysiology, there are 

concomitant social and psychological burdens associated with early socioeconomic 

disadvantage. Adults from disadvantaged family backgrounds are more likely to have 

experienced greater and more prolonged exposure to circumstances that can have long-term 

effects on cognition, educational attainment, brain structure, and health (Evans and Kim, 
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2007; Evans et al., 2008). For instance, children from lower SES backgrounds are more 

likely to have been exposed to smoking and other environmental toxins than other children, 

are more likely to experience poor diets, come from larger families, and are more likely to 

be underweight at birth (Li et al., 2007). As children, adults from large families of origin 

were less likely to have a place to study or be alone, and had lower than predicted 

educational attainment (Evans and Kim, 2007). Another possible pathway linking childhood 

disadvantage with later cortisol secretion and health inequities is that childhood 

disadvantage contributes to unhealthy habits such as smoking or poor diet (Cohen et al., 

2006b). In these analyses, smoking at midlife was associated with childhood disadvantage, 

lower cognitive ability, and lower adult SES; however childhood disadvantage was still 

significantly associated with cortisol levels even after controlling for smoking. Thus 

childhood socioeconomic disadvantage appears to contribute to unhealthy aging through its 

multifaceted influences on lifelong disadvantage.

4.1. Strengths and limitations

Our study has multiple strengths. It is one of the rare longitudinal studies of adult HPA 

functioning for which measures of early adult cognitive ability and socioeconomic 

characteristics of family of origin are available. In addition, having a narrow age range (51

—60), and all male participants reduces the confounding effects of age and gender on 

cortisol and measures of SES. Finally, with cortisol samples collected on three non-

consecutive days, at five comparable time points on each day, we have a strong indicator of 

cortisol secretion at midlife from a large community sample.

There are several limitations to the current research. Our participants were all men, and 

predominantly white non-Hispanic. Thus, the extent of the generalizability of these results to 

women, and other ethnicities is unclear. We did not have a measure of earlier life levels of 

cortisol, but—based on other research on the effects of childhood adversity on the HPA axis

—it does seem possible that HPA axis dysregulation may have begun far earlier in life. 

Thus, early HPA axis dysregulation may have already been influencing brain structures and 

metabolic processes, influencing young adult cognitive ability and, in turn, affecting midlife 

SES and cortisol. If that were the case, however, it would not undermine the inferences 

drawn from our model. We cannot tell when the deleterious impact on HPA axis function 

began to manifest itself, but our results do suggest that such effects were present after 

several decades. Another limitation was that we did not have access to information on other 

childhood risks such as severe trauma (i.e., physical and psychological adversity), birth 

weight or parental care that are also associated with HPA axis dysregulation and with 

childhood stress (Heim et al., 2008). A further limitation in this (and other studies) is that 

three days worth of saliva collection (across two situations—at home and in lab) may not 

have been adequate to get highly reliable assessments of CAR or slope (Golden et al., 2011; 

Hellhammer et al., 2009; Kudielka et al., 2012), thus it is unclear if the weaker results for 

those measures was due to low reliability.

Finally, consistent with other studies, the magnitude of the effects found in this study 

between our primary predictors and cortisol levels were small, though statistically 

significant. It is not uncommon to find small effects when studying biomarkers within large 
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community samples. HPA dysregulation is only a small part of a complex, biological system 

through which allostatic load has its impact on the body, but multiple small disruptions 

acting additively or synergistically can lead to clinically significant dysfunction across one's 

lifetime (McEwen and Gianaros, 2011). Moreover, the fact that associations between 

childhood disadvantage and levels of cortisol can be detected across four to five decades of 

the life course in a community sample of men has significant implications for the potential 

for early life public health interventions to have long term impact on later life 

pathophysiology.
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Figure 1. 
(a) Schematic of a multi-step multiple mediation model showing direct and specific indirect 

effects of childhood socioeconomic disadvantage on midlife cortisol. (b) Total effect of 

childhood disadvantage on midlife cortisol (c). Notes: Armed Forces Qualification Test 

(AFQT); socioeconomic status (SES).
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Figure 2. 
Multistep Multiple Mediation Model: path estimates of direct and specific indirect effects of 

childhood socioeconomic disadvantage on midlife AUC cortisol using standardized data. 

Notes: Armed Forces Qualification Test (AFQT); socioeconomic status (SES); 95% CI: 

95% confidence interval.
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Figure 3. 
Comparisons of cortisol levels in independent and mediator variable extreme groups 

averaged across three days for five time points representing the diurnal pattern.
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Table 2

Specific indirect and direct effects of childhood disadvantage on midlife cortisol levels: all measures 

standardized.

Mediator AUC Cortisol β (95% CI 
lower; 95% CI upper)

Wake to bed slope β (95% CI 
lower; 95% CI upper)

Cortisol Awakening 
Response (CAR) β (95% CI 
lower; 95% CI upper)

Age 20 Cognitive ability (M1: a1b1) 0.02 (0.002; 0.04) .02 (0.01; 0.04) .01 (−0.005; 0.03)

Midlife SES (M2: a b) 0.013 (0.002; 0.027) .007 (−.001; 0.02) .007 (−.002; 0.02)

Midlife SES adjusted for Age 20 
Cognitive Ability (a1eb2)

0.006 (0.001; 0.012) .003 (−0.001; 0.008) .003 (−0.001; 0.009)

Total indirect effect 0.04 (0.02; 0.06) .03 (0.01; 0.05) .02 (0.002; 0.05)

Direct effect of childhood disadvantage 
(c′)

0.08 (0.01; 0.14) −.006 (−0.07; 0.05) .01(−.06; 0.09)

Total effect of childhood disadvantage (c) 0.12 (0.05; 0.18) .02 (−0.04; 0.08) .04 (−.03; 0.10)

Notes: Confidence intervals based on 1000 bootstrap samples; coefficients are standardized values (x = 0; SD = 1). CI = confidence interval; 
significant values are bolded. M1 = specific indirect effect of childhood risk through age 20 cognitive ability; M2 = specific indirect effect of 
childhood risk through midlife socioeconomic status (SES).
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