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Abstract 

It is proposed that environmental exposures in early life influence immune programming. 

Specifically, socioeconomic disadvantage is thought to program an immune phenotype that is prone to 

inflammation and associated with increased risk for inflammatory disease later in life. Existing literature 

shows an inverse association of early childhood socioeconomic status (SES) with adult levels of systemic 

inflammation. Here, we extend that literature to examine whether early childhood SES also relates to the 

magnitude of inflammatory response to acute psychological stress in adulthood. Healthy volunteers 

(N=110; 40-58 years; 59% female; 90% white) performed a laboratory stress protocol, with blood 

samples drawn at the end of a 30-min baseline, a 5-min speech task, and a 30-min recovery to assess 

interleukin (IL)-6 stress responses. An early childhood SES index was derived from reports of parental 

home and vehicle ownership, and number of bedrooms per child in the home across ages 1-2, 3-4, and 5-

6. Regressions adjusted for current age, sex, race, and BMI showed that lower SES at age 1-2 was 

associated with larger IL-6 stress responses in adulthood (ΔR
2
 = .05, β = -.24, p = .03). This association 

was independent of adult SES and task-evoked affective responses. No association was found between 

SES at ages 3-4 or 5-6 and IL-6 responses. These results provide initial evidence for a link between 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

EARLY LIFE SOCIOECONOMIC STATUS AND IL-6 2 

 

disadvantage in the first 2 years of life and heightened inflammatory response to stress in adulthood; this 

link may contribute to the increased disease risk that accompanies being raised in disadvantaged 

socioeconomic circumstances.  

 

 

 

 

 

 

 

1.0 Introduction 

Physical health tracks a socioeconomic gradient that is influenced by environmental conditions in 

childhood. Indeed, considerable evidence shows that disadvantaged childhood socioeconomic status 

(SES) is associated with shorter life expectancy and poorer physical health across the lifespan (Dong et 

al., 2004; Galobardes et al., 2008, 2004; Shonkoff et al., 2009; Taylor et al., 2011). This is a major 

concern in the United States, where 23% of children under the age of six currently live in poverty (Jiang 

et al., 2017). However, the pathways that link environmental conditions in childhood to adult health are 

complex and not fully understood. 

Recent attention has focused on the possibility that early life exposures program the biology of 

the developing organism in ways that are health protective in the short term, but may contribute to 

increased morbidity and mortality later in life (Miller and Chen, 2013; Shonkoff et al., 2009). In this 

regard, converging evidence suggests that poorer socioeconomic circumstances in early childhood can 

program the immune cells that produce markers of systemic inflammation (Miller et al., 2011; Taylor, 

2010). This programming is proposed to result in a proinflammatory immune phenotype, characterized by 

immune cells that 1) respond to potential threats with greater production of inflammatory mediators and 
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2) are less sensitive to inhibitory signals (Miller et al., 2011, 2009; Miller and Chen, 2007). The 

predisposition to mount larger inflammatory responses may offer greater protection against acute 

infections and promote recovery from injury in the short term, but increase vulnerability to chronic 

inflammatory conditions (Danese et al., 2008; Miller et al., 2011). 

Consistent with theories of biological programming, initial human studies support an association 

of poorer childhood socioeconomic conditions with increased systemic inflammation in adulthood. 

Findings show that lower childhood SES is associated with heightened basal levels of inflammatory 

mediators in adulthood (Fagundes et al., 2013; Pollitt et al., 2007). In particular, we have shown that basal 

circulating levels of interleukin (IL)-6 are inversely associated with indicators of parental SES during the 

first two years of life, but not later in childhood (Carroll et al., 2011a). These associations were 

independent of adult SES, suggesting that SES in early childhood makes a unique contribution to adult 

inflammation. Supporting the possibility that this environmental impact may begin at a very early age, 

recent work indicates that maternal socioeconomic disadvantage is associated with higher salivary levels 

of the inflammatory marker C-reactive protein (CRP) in infants (David et al., 2017). Taken together, 

existing evidence suggests that socioeconomic disadvantage in the earliest years of life may affect 

biological stress response systems and inflammatory processes. 

Early socioeconomic exposures may contribute to elevated systemic inflammation through 

programming of stress regulatory systems. Rodent models support this hypothesis, showing that stress 

exposure in infancy has enduring effects on physiological stress responses later in life (Denenberg, 1964; 

Levine, 1957; Meaney et al., 1996). In humans, socioeconomic disadvantage in early life may program 

increased vigilance and mistrust of others, leading to exaggerated responses to potential threats (Chen et 

al., 2004; Chen and Matthews, 1999; Miller et al., 2011; Nusslock and Miller, 2016). For example, 

individuals reporting low childhood SES show greater amygdala responses to threatening faces (Gianaros 

et al., 2008). Additionally, childhood SES is associated with behavioral and physiological responses to 

threat. For instance, children raised in low SES environments are more likely to perceive threat in 

ambiguous situations and show heightened cardiovascular responses to laboratory stressors (Chen et al., 
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2004). This heightened threat sensitivity is proposed to contribute to the regulation of proinflammatory 

cytokine production by immune cells via physiological stress pathways, including the autonomic nervous 

system and the hypothalamic-pituitary-adrenal (HPA) axis (Eisenberger and Cole, 2012; Nusslock and 

Miller, 2016). In summary, this evidence suggests that socioeconomic disadvantage in childhood may 

trigger alterations in stress regulatory systems, leading to enduring changes in stress responses into 

adulthood. To date, however, no studies have examined whether individuals exposed to low SES in early 

childhood show greater inflammatory responses to acute psychological stress in adulthood. 

It is well established that circulating levels of inflammatory cytokines (e.g., IL-6) increase after 

exposure to acute psychological stress in the laboratory (Marsland et al., 2017; Steptoe et al., 2007). 

Notably, there are marked individual differences in the magnitude of these inflammatory responses, with 

some individuals exhibiting large increases and others showing little or no response (Cohen and Hamrick, 

2003; Schneiderman et al., 2008). Individual differences in immune responses to acute stress are 

reproducible across time and type of challenge (Marsland et al., 2002, 1995), supporting the possibility 

that they reflect immune phenotypes that may contribute to future disease susceptibility.  

Several factors have been found to predict the magnitude of inflammatory stress responses. In 

general, behavioral and psychosocial health risk factors are associated with larger increases in circulating 

IL-6; these risk factors include smoking, lower physical fitness, poorer sleep quality, lower self-

compassion, and loneliness (Marsland et al., 2017). There is also some evidence that lower adult SES is 

associated with larger and more prolonged increases in circulating IL-6 from baseline to 45-120min after 

acute laboratory stress (Brydon et al., 2004; Derry et al., 2013). In addition, adults who endorse a history 

of maltreatment in childhood show larger IL-6 responses to acute stress (Carpenter et al., 2010).While 

childhood maltreatment is not synonymous with low childhood SES, early life stress is a common feature 

of both environmental exposures. Taken together, these findings raise the possibility that socioeconomic 

conditions in childhood may play a role in programming inflammatory stress responses.  

Accordingly, the present study examined whether childhood SES is associated with individual 

differences in the magnitude of inflammatory stress responses in adulthood. Based on current theories of 
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immune programming (Miller et al., 2011), as well as human evidence and animal models indicating a 

critical period for environmental sensitivity in early life (Carroll et al., 2011a; David et al., 2017; 

Denenberg, 1964; Levine, 1957; Meaney et al., 1996), we hypothesized that lower childhood SES in the 

earliest years of life would relate to larger IL-6 responses to an acute laboratory stressor among midlife 

adults. In addition, given that prior findings from the same parent study found negative affective 

responses to be associated with larger IL-6 stress responses (Carroll et al., 2011b), we also explored 

whether associations of childhood SES and IL-6 stress responses were independent of negative affective 

responses to stress. 

2.0 Methods  

2.1 Participants  

 Participants were community volunteers involved in the Vaccination Immunity Project (VIP), a 

study assessing behavioral, psychosocial, and physiological factors associated with antibody response to 

hepatitis B vaccination. Subjects were recruited by mass mail solicitation in Allegheny County, 

Pennsylvania. Exclusion criteria for the VIP study included: history of autoimmune disease, chronic 

infections, hormone disorders, asthma, severe allergies, cardiovascular disease, bleeding problems, 

chronic kidney or liver conditions, cancer, Type I or II diabetes, clinical depression, or psychotic 

disorders. Smokers and those using medications affecting the immune, endocrine, or nervous systems 

were also excluded. Data collection took place over multiple laboratory sessions and informed consent 

procedures were carried out following guidelines of the University of Pittsburgh Institutional Review 

Board. 

 The original VIP sample included 153 participants between the ages of 40-60 (58.2% female, 

88.2% White). Data from the original VIP sample have previously been reported by (Carroll et al., 2011a, 

2011b). The analytic sample for the present analysis consisted of 110 individuals (40-58 years, 59.1% 

female, 90.0% White) who completed a laboratory stress session that included both pre- and post-stressor 

measures of serum IL-6. Serum samples were not included at the beginning of the study and thus were not 

available for a portion of participants (N=29). An additional 14 participants did not have serum IL-6 due 
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to issues with the placement of the intravenous catheter. Initial descriptive analyses did not indicate 

outliers on any key variables in this analytic sample.  

2.2 Procedures 

 Data used for the present study were primarily collected during two laboratory sessions that 

started between 7:00 and 9:00 AM, lasted approximately 1.5 hours, and were scheduled 1 month apart. 

Both sessions took place at least 4 weeks before the initial hepatitis B vaccination was administered. 

Before both sessions, participants were asked to abstain from alcohol (48h), strenuous physical activity 

and non-prescription medications (24h), and caffeine, beverages, and food (12h). On arrival, participants 

completed questionnaires, a medical history interview, and measurements of height and weight. To collect 

blood samples, an intravenous catheter was inserted into the antecubital vein of one arm. Participants then 

completed a 30-min resting baseline period, after which the baseline blood sample was collected and 

participants completed a measure assessing their affective state during the baseline period. Participants 

then performed a speech task in which they defended themselves against an alleged accusation of 

shoplifting or a traffic violation (Marsland et al., 2002, 1995). The speech task included a 2-min 

preparation period and a videotaped 3-min speech delivery period. Immediately following the speech 

task, a second blood sample was drawn and affective state was reassessed. Finally, participants rested for 

a 30-min period, after which a final blood sample was taken and affective state during this period was 

assessed. Participants were not debriefed about laboratory stress procedures after the first visit.  

Of the 110 participants, 92 participants completed the second laboratory stress session. 

Experimental procedures at the two testing sessions were nearly identical, with two notable exceptions. 

First, participants were told that their “performance on the first speech task was slightly below average 

when compared to other participants’ speeches” and that they should “try to be more persuasive when 

delivering this speech”. Second, the two transgression scenarios (shoplifting or traffic violation) were 

counterbalanced across sessions.  

In addition to the laboratory visits, participants completed the SC Childhood Interview 4 weeks 

after completing the second laboratory session prior to receiving the first Hepatitis B vaccination. 
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2.3 Measures 

2.3.1 Serum IL-6 

IL-6 was selected as a key marker of inflammatory stress response for several reasons. Two meta-

analytic reviews have indicated that circulating IL-6 shows a robust increase after exposure to acute 

laboratory stress, while other commonly studied inflammatory mediators either do not show this response 

or have not been as extensively studied (Marsland et al., 2017; Steptoe et al., 2007). IL-6 is also of 

primary interest, given its established relationship with cardiovascular disease risk (Danesh et al., 2008). 

Prior to batch analysis, serum was stored at -80°C. Serum IL-6 levels were determined using high 

sensitivity ELISA kits (R&D Systems, Minneapolis, MN). Samples were run in duplicate. The average 

inter- and intra-assay coefficients of variation were 7% and 5%, respectively.  

As this study examined IL-6 stress responses on multiple occasions, these data provide the unique 

opportunity to characterize more stable individual differences in IL-6 stress reactivity. Aggregating stress 

responses across multiple testing occasions reduces measurement error and increases reliability, 

ultimately improving researchers’ ability to characterize individual differences (Kamarck et al., 2000, 

1992). Moreover, prior work in the laboratory stress reactivity field indicates that aggregation of 

responses to stressors across multiple testing occasions increases the generalizability of laboratory stress 

responses to the responses an individual shows outside of the laboratory (Kamarck et al., 2000). As such, 

aggregating IL-6 stress responses across the two occasions of testing in the present study increases our 

ability to characterize stable individual differences in IL-6 stress responses.  

2.3.2 Childhood SES Index 

Participants completed the SC Childhood Interview (Cohen, 2010). This is a retrospective 

assessment of multiple indicators of childhood SES. For each year from ages 1-18, participants reported 

on parental home ownership, parental vehicle ownership, number of bedrooms in the home, and number 

of adults and children living in the home. These indicators of childhood SES were employed because (1) 

they are easier to recall than parental income/education and (2) they are sensitive to change over the 

childhood years (Cohen et al., 2004). Using these socioeconomic factors, a childhood SES index was 
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calculated for ages 1-6 using the same method as Carroll et al. (2011a). Briefly, a composite score was 

calculated across 2-year intervals (years 1-2, 3-4, and 5-6) by summing scores across three indicators: 

home ownership (0= no, 1= yes), vehicle ownership (0= 0-1 vehicles, 1= 2+ vehicles), and number of 

bedrooms per child in the house (0= <1, 1= 1+). For each year, a participant’s score could range from 0-3. 

Thus, for each 2-year interval, participants had childhood SES index scores ranging from 0-6. During the 

interview, participants were given the option to say that they could not recall the given measure for that 

year. The percentage of participants selecting this option ranged from 0-10% for parental home 

ownership, 0-11.8% for parental vehicle ownership, and 0-15% for number of bedrooms in the home. The 

most difficult items to recall were number of bedrooms in the home and parental vehicle ownership at age 

1. This missing data resulted in variations in sample size for each 2-year interval (Table 1).  

2.3.3 Adult SES 

An adult SES index was computed using current self-reported SES variables selected to parallel 

the childhood SES index. Specifically, the adult SES index was the summed score of number of vehicles 

owned by the participant’s household (0 = 0-1, 1 = 2+), the number of bedrooms per occupant in the 

home (0 = <1, 1= 1+), and reported home ownership (0 = no, 1 = yes). Thus, adult SES index scores 

ranged from 0-3. Bedrooms per occupant in the home was used in place of bedrooms per child, as not all 

adult participants had children living in the home.  

Education and family income were also used as indices of adult SES. Participants reported 

cumulative years of schooling and current annual household income on a bracketed scale with ranges of 

<$5,000; $5,000-11,999; $12,000-15,999; $16,000-24,999; $25,000-34,999; $35,000-49,000; $50,000-

74,999; $75,000-99,999; >$100,000. To determine occupant adjusted family income, the midpoint of the 

income bracket was weighted by the square root of the number of people living in the home. This value 

was normalized with a cube root transformation (Schwartz, 1985). Of note, six participants did not report 

education and 20 did not report family income. Primary analyses were conducted with and without these 

participants and results remained the same.  

2.3.4 Task-Evoked Affective Responses 
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Participants reported state affect during the stress protocol using a mood adjective rating scale 

derived from the Profile of Mood States (POMS) (McNair et al., 1971). Given previous evidence from 

this sample that acute IL-6 stress responses associate with changes in state anger and anxiety in response 

to the task (Carroll et al., 2011b), we examined whether any associations of childhood SES with IL-6 

reactivity were independent of these affective responses. Consistent with the previous study, affect was 

assessed using items derived from Usala and Hertzog's (1989) factor analysis of the POMS. Participants 

rated anxiety (e.g., nervous, uneasy, tense, on edge) and anger (e.g., resentful, angry, hostile) items on a 

scale of 0 (not at all) to 4 (extremely).  

2.3.5 Additional Covariates 

Participants self-reported age, sex, and race on a standard demographics questionnaire. Sex was 

coded as 0 = Female, 1 = Male. Race was dichotomized as White and nonwhite and coded as 0 = White, 1 

= nonwhite. Body mass index (BMI) was determined using participants’ height and weight measurements 

and calculated as weight(kg)/height(m
2
). For participants who completed the second laboratory visit, BMI 

was averaged across the two visits. Based on previous evidence that depressive symptoms are associated 

with larger stress-induced increases in IL-6 (Pace et al., 2006), scores on the 13-item Beck Depression 

Inventory (BDI) were also included in initial analyses. Depressive symptomatology was quite low in this 

sample: a large number of participants (32.7%) had a score of 0 on the BDI and only 8 of the 110 

participants scored above the clinical cutoff for depression. Although the BDI was included as a 

continuous variable in the present analyses, the skewed distribution should be kept under consideration. 

2.4 Data Analysis  

Preliminary analyses were conducted prior to aggregating IL-6 responses across visits. Given 

previous evidence that IL-6 levels show a delayed increase after stressor exposure (Steptoe et al., 2007), 

we used IL-6 levels at 30-min post-stressor to calculate change scores; we refer to these change scores as 

IL-6 stress responses. IL-6 levels at each time point and raw change scores for each visit are shown in 

Table 2. Prior work in this field has shown that IL-6 stress responses do not show habituation across 

periods of testing (von Kanel et al., 2006) but may show sensitization upon repeated stress exposure 
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(McInnis et al., 2014; Rohleder et al., 2014). Before aggregating IL-6 responses across visits, we assessed 

our data for possible habituation or sensitization. Across subjects, a paired t-test indicated that IL-6 stress 

responses were not significantly different from Visit 1 to Visit 2 (t  = .92, p = .36) and stress responses 

showed a modest correlation (r = .23, p = .04). We also assessed possible habituation and sensitization at 

the individual level, examining differences in change scores from Visit 1 to Visit 2. In this assessment, 

the vast majority of participants (70.6%) displayed IL-6 stress responses at Visit 2 that were within one 

standard deviation of their responses at Visit 1. Of the remaining participants, 12.9% showed a decrease 

of more than one standard deviation and 16.5% showed an increase of more than one standard deviation. 

Given that the large majority of participants in the present sample did not show habituation or 

sensitization of the IL-6 response and the theoretical rationale for increased reliability of stress responses 

aggregated across multiple occasions, we elected to aggregate IL-6 responses across the two visits. 

Specifically, IL-6 values for the 92 participants who completed both stress sessions were averaged across 

the two occasions of testing; for the remaining 18 participants, results of the single stress session were 

employed. 

Pearson correlations were performed to assess bivariate associations between demographic 

variables (age, sex, race), BMI, depressive symptoms, IL-6 change scores, baseline IL-6, childhood SES, 

and adult SES. Next, a repeated measures analysis of variance (ANOVA) was carried out to confirm 

expected main effects of the speech task on IL-6, followed by planned contrasts. The distribution of IL-6 

was non-normal and was thus log-transformed prior to the ANOVA. Greenhouse-Geisser corrections 

were used when the assumption of sphericity was violated. For the main analyses, we calculated baseline-

adjusted IL-6 change scores. There was a negative association of baseline IL-6 with the magnitude of IL-

6 stress responses. To control for baseline variation, baseline-adjusted IL-6 change scores were calculated 

by regressing post-task levels of IL-6 onto baseline levels and saving the residuals.  

To assess primary hypotheses, we conducted a series of hierarchical linear regressions, examining 

the association between childhood SES index at each of the 2-year intervals (1-2, 3-4, and 5-6) and IL-6 

stress responses. We ran separate regressions for each childhood SES interval. For these regressions, we 
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entered age, sex, race, and BMI in the first step and childhood SES index for each 2-year interval in the 

second step of a model predicting IL-6 stress responses. Additional regressions were conducted to 

determine whether significant associations of childhood SES index with IL-6 stress responses were 

independent of adult SES. Here, demographics and BMI were entered in the first step, adult SES variables 

in the second step, and childhood SES index in the third step of the model. Two additional regressions 

were conducted to assess whether significant associations of childhood SES index with IL-6 stress 

responses were independent of task-evoked anger and anxiety. For this purpose, residualized affective 

change scores were created for both anxiety and anger by regressing immediate post-task affective ratings 

on baseline affective ratings. Demographics and BMI were entered in the first step, residualized anger or 

anxiety change scores in the second step of separate models, and childhood SES index in the third step of 

each model. 

Table 1. Descriptive statistics       

  Mean or % SD N 

Sex (% female) 59% 
 

110 

Race (% white) 90% 
 

110 

Age 50.4 5.3 110 

BMI kg/m2 26.2 3.7 110 

BDI score 2.5 3.2 110 

Adult SES index 2.1 0.8 102 

Adult educational attainment (years) 14.9 1.4 104 

Adult annual family income $72,064 $40,027 93 

Childhood SES index (age 1-2) 2.49 1.7 85 

Childhood SES index (age 3-4) 2.49 1.7 87 

Childhood SES index (age 5-6) 2.85 1.7 94 

Baseline IL-6 1.3 0.7 110 

Note: BMI = body mass index; BDI = Beck Depression Inventory; SES = socioeconomic 
status; IL-6 = interleukin-6 

 

Table 2. Mean IL-6 values at individual study visits and averaged across visits  

  Baseline Task Recovery Raw Change 

Visit 1 1.26 (.80) 1.26 (.84) 1.29 (.80) .03 (.32) 

Visit 2 1.28 (.76) 1.25 (.71) 1.39 (.74) .08 (.41) 

Average Across Visits 1.25 (.66) 1.24 (.66) 1.32 (.66) .05 (.28) 
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Notes: Values in parentheses are standard deviations. Task values are IL-6 levels assessed 
immediately after the stressor task. Recovery values are IL-6 levels assessed 30-minutes 
after the stressor task. Raw change values were computed by subtracting Baseline values 
from Recovery values and averaging across participants. IL-6 was measured as pg/ml. IL-6 
= interleukin-6 
 

3.0 Results  

3.1 Demographics and Correlations  

 Descriptive statistics are displayed in Table 1. Across subjects, childhood SES index did not 

change from age 1-2 to age 3-4, though there was a slight increase by age 5-6. Although there was no 

mean change in childhood SES across age periods, there was variation at the individual level: 21 

participants showed at least a one point change in the childhood SES index from age 1-2 to 3-4 while 41 

participants changed from 1-2 to 5-6. A one-point change in this measure would represent, for example, 

the difference between renting and owning a home.  

 There were a number of significant correlations between study variables. Childhood SES index 

scores were inter-correlated: childhood SES at age 1-2 was correlated with childhood SES at ages 3-4 (r 

= .91, p <.001) and 5-6 (r = .66, p <.001); childhood SES at ages 3-4 and 5-6 were also correlated (r 

=.81, p <.001). Lower childhood SES index score at age 1-2 was correlated with higher adult IL-6 stress 

responses (r = -.25, p < .009). IL-6 stress responses were not correlated with demographic characteristics, 

BMI, or childhood SES index at ages 3-4 or 5-6 (p’s >.10). Notably, IL-6 stress responses were not 

correlated with any of the adult SES variables (p’s > .10). Higher baseline IL-6 was correlated with 

higher BMI (r = .36, p < .001) and lower adult family income (r = -.22, p = .03), though not with 

childhood SES measures (p’s > .05). There were a number of significant associations between covariates: 

less educational attainment was correlated with higher BMI (r = -.29, p = .002); nonwhite race was 

correlated with lower scores on the adult SES index (r = -.25, p = .01); current family income was 

positively correlated with scores on the adult SES index (r = .36, p = .001) and educational attainment (r 

= .461, p < .001). All other correlations were non-significant. Of note, BDI scores were uncorrelated with 
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childhood SES index scores and IL-6 stress responses (p’s > .10), and were not included in regression 

analyses. 

3.2 Effects of Stressor Task on IL-6 

 Mean levels of IL-6 changed significantly over the course of the experiment (F [2, 109] = 7.93, p 

< .001; see Figure 1 and Table 2). Across subjects, IL-6 levels did not increase from baseline to 

immediately post-task (F [1, 109] = .608, p = .44). As expected, IL-6 increased significantly from 

baseline to 30 min post-task (F [1, 109] = 7.76, p < .001). There was substantial variation in magnitude of 

IL-6 change from baseline to 30-min post-stressor, with some participants showing large increases and 

others showing no change or even a slight decrease (mean change = 0.07 pg/ml (SD = .29), range = -0.57 

to 1.11 pg/ml).  

 
 
Figure 1  

 
Figure. 1. Mean circulating serum IL-6 (pg/mL) across all subjects at each time point. Blood samples 
were taken after a baseline period (30 min), immediately after the stressor (40 min), and after the 30 min 
post-task recovery period (70 min). Error bars indicate standard error of the mean of IL-6.  

 
3.3 Childhood SES and IL-6 Response 
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In support of our main hypothesis, lower early childhood SES index (age 1-2) was significantly 

associated with larger IL-6 stress responses (ΔR
2
 = .05, ΔF [1, 79] =4.73, p = .03) (Table 3; Figures 2 and 

3). This association was significant after adjusting for age, sex, race, and BMI. We did not find a 

significant association between IL-6 stress responses and childhood SES index at ages 3-4 or 5-6, 

suggesting that childhood SES at age 1-2 may have a unique relationship with IL-6 stress responses in 

later life. To ensure that differences in the relationship between childhood SES index and IL-6 response 

did not vary as a function of the changing sample size, the regression models for childhood SES index at 

age 3-4 and 5-6 were rerun with only the 85 participants included in the regression model for childhood 

SES index at age 1-2. The pattern of results remained the same.  

Adult SES did not account for the association between childhood SES index at age 1-2 and IL-6 

stress responses. In models that adjusted for the three adult SES measures, there was still an independent 

association between childhood SES index at age 1-2 and IL-6 response (ΔR
2
 = .07, ΔF [1, 75] = 4.83, p = 

.03) (Table 4). The second step of the model with the adult SES variables did not account for significant 

variance in IL-6 response. Thus, childhood SES at age 1-2 was significantly associated with IL-6 stress 

responses above and beyond the effects of age, sex, race, BMI, and indices of adult SES. 

3.3.1 Affective Changes 

The association between childhood SES index at age 1-2 and IL-6 stress response was also 

independent of task-evoked negative affective responses. Specifically, childhood SES index at age 1-2 

and IL-6 responses remained significantly associated after adjusting for both task-evoked anger (ΔR
2
 = 

.04, ΔF [1, 78] = 4.18, p = .04) and anxiety (ΔR
2
 = .06, ΔF [1, 78] = 5.57, p = .02) (Table 4). Consistent 

with our previous findings (Carroll et al., 2011b), there was an association between task-evoked anger and 

IL-6 stress response (ΔR
2
 = .09, ΔF [1, 78] = 8.38, p = .005). However, there was no significant 

association of task-evoked anxiety with IL-6 stress response (ΔR
2
 = .03, ΔF [1, 78] = 2.08, p = .15). As a 

final exploratory test, task-evoked anger and anxiety change were entered into the model simultaneously; 

the association between childhood SES index at age 1-2 and IL-6 stress response remained significant 

(ΔR
2
 = .04, ΔF [1, 77] = 4.05, p = .04).  
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Table 3. Regressions predicting IL-6 responses with childhood SES at age 1-2, 3-4, and 5-6  

 
Model 1 (N =85) 

  B SE β p 

Step 1 
      Age .01 .01 .05 .63 

  Sex -.08 .07 -.14 .23 

  Race  .10 .10 .10 .36 

  BMI .01 .01 .14 .22 

Step 2  
      Childhood SES index (age 1-2) -.04 .02 -.24 .03 

 
Model 2 (N=87) 

Step 1 
      Age .01 .01 .12 .29 

  Sex -.09 .07 -.16 .18 

  Race  .04 .12 .04 .71 

  BMI .02 .01 .20 .08 

Step 2 
      Childhood SES index (age 3-4) -.02 .02 -.13 .25 

 
Model 3 (N=94) 

Step 1 
      Age .01 .01 .03 .78 

  Sex -.09 .07 -.15 .17 

  Race  .09 .11 .09 .39 

  BMI .01 .01 .11 .31 
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Step 2 
      Childhood SES index (age 5-6) .01 .02 .04 .74 

Note: IL-6 = interleukin-6; BMI = body mass index; SES = socioeconomic status. Sex was coded as 
0 = Female, 1 = Male. Race was coded as 0 = White, 1 = nonwhite. 

 

 

 

 

 

 

 

 

 

Figure 2  

 
Figure 2. Mean circulating serum IL-6 split by low and high childhood SES at age 1-2; childhood SES 
index was dichotomized into high (+1 SD) and low (-1 SD) for illustrative purposes. Blood samples were 
taken after a baseline period (30 min), immediately after the stressor (40 min), and after the 30 min post-
task recovery period (70 min). Error bars represent standard error of the mean of IL-6. 
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Figure 3. Association of childhood SES index at age 1-2 with change in IL-6 from baseline to 30 min 
post-task with 95% mean confidence interval. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4. Regressions predicting IL-6 responses with childhood SES index at age 1-2 adjusting for 
adult SES and task-evoked affective responses. 

 
N = 83 

  B SE β p 

Step 1 
      Age .01 .01 .03 .83 

  Sex -.08 .07 -.10 .23 

  Race  .15 .11 .16 .17 

  BMI .01 .01 .14 .27 

Step 2  
      Adult SES index .01 .05 -.04 .78 

  Adult education .04 .03 .17 .23 

  Adjusted family income -.01 .01 -.08 .58 

Step 3 
      Childhood SES index (age 1-2) -.04 .02 -.26 .03 

 
N = 85 

Step 1 
      Age .01 .01 .05 .63 

  Sex -.08 .07 -.14 .23 

  Race  .09 .10 .10 .36 

  BMI .01 .01 .14 .22 

Step 2  
      Task-evoked anger change .04 .01 .29 .007 
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Step 3 
      Childhood SES index (age 1-2) -.03 .02 -.22 .04 

 
N = 85 

Step 1 
      Age .01 .01 .05 .63 

  Sex -.08 .07 -.14 .23 

  Race  .09 .10 .10 .36 

  BMI .01 .01 .14 .22 

Step 2  
      Task-evoked anxiety change .01 .01 .16 .092 

Step 3 
      Childhood SES index (age 1-2) -.04 .02 -.26 .02 

Note: IL-6 = interleukin-6; BMI = body mass index; SES = socioeconomic status. Sex was coded 
as 0 = Female, 1 = Male. Race was coded as 0 = White, 1 = nonwhite. 

 

 

 

4.0 Discussion 

In the current study, we show for the first time that socioeconomic exposures in the earliest years 

of life relate to IL-6 responses to acute stress in adulthood. Specifically, individuals who report lower 

early childhood SES show larger stress-related increases in circulating IL-6 than those who recall more 

privileged early circumstances. This association was independent of several potential covariates, 

including demographic factors, BMI, and adult SES.  

These findings add to a growing literature examining adverse factors that are associated with 

inflammatory stress responses. Prior work has shown that larger IL-6 responses are associated with state 

anger and anxiety (Carroll et al., 2011b), depressive symptoms (Pace et al., 2006), and childhood trauma 

(Carpenter et al., 2010). Indeed, in the current sample, we have previously shown a positive association 

between negative affective responses to the task and magnitude of IL-6 responses (Carroll et al., 2011b). 

The present analysis adds to our prior work, showing that early childhood SES associates with IL-6 stress 

responses independently of concomitant affective responses. Depressive symptoms in the present sample 

were not related to SES in childhood or adulthood, nor were they related to IL-6 stress responses. 
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Although this null association is inconsistent with prior studies, it is likely due to the low prevalence of 

depressive symptomatology in the present sample. Childhood trauma was not assessed in the original data 

collection with this sample, so we were unable to test whether trauma was associated with IL-6 stress 

response. Although childhood SES and trauma are distinct constructs, our results are consistent with the 

broader hypothesis that early life stress contributes to inflammatory stress responses in adulthood. In sum, 

the present work makes a novel contribution to the existing literature and provides a foundation for future 

work examining potential behavioral and biological pathways that link early life SES with acute 

inflammatory responses to stress in adulthood. 

4.1 Behavioral and Biological Pathways 

One behavioral factor that may contribute to observed associations of early life SES with adult 

inflammatory stress responses is heightened vigilance for threat. Others have shown that individuals who 

report lower childhood SES perceive greater threat on exposure to ambiguous situations (Chen et al., 

2004) and show heightened central and cardiovascular stress responses when exposed to threatening 

stimuli (Chen et al., 2004; Gianaros et al., 2008). We did not specifically measure perceived threat in the 

current study, but task-evoked anxiety changes were not significantly associated with our measures of 

early life SES. Thus, to the extent that our anxiety measures represent threat response to the stressor task, 

we did not find evidence for threat perception as a mediator. Notably, the anxiety measure used here 

differs from threat perception measures, which typically ask participants to rate how threatened they feel. 

Future work should more directly assess whether individual differences in behavioral or neural threat 

responses mediate the relationship between early life SES and IL-6 stress responses. 

There are several biological pathways through which early childhood SES may exert an enduring 

effect on acute inflammatory stress responses. The HPA axis is an important modulator of the 

inflammatory response, with glucocorticoids acting to down-regulate the production of inflammatory 

mediators by immune cells (McKay and Cidlowski, 1999; Sapolsky et al., 2000). Dysregulation of the 

HPA axis has been linked with early life stress. For instance, rodent models show that exposure to 

adversity during a critical period in early life results in an adult phenotype that shows hyperactive HPA 
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responses to stress (Fish et al., 2004; Plotsky and Meaney, 1993). In human studies, recent work indicates 

that exposure to stressful environments before 2 years of age is associated with HPA hyperactivity 

(McLaughlin et al., 2015). However, other findings are mixed, with early life adversity associating with 

both hyperactivity and blunted activity of the HPA axis (Fries et al., 2008; Gunnar et al., 2009; 

MacMillan et al., 2009). These inconsistencies may be due to the range of environmental circumstances 

(e.g., abuse, neglect, or poverty) or variability in the timing of exposures across studies. Notably, 

glucocorticoids do not always down-regulate production of inflammatory mediators. Glucocorticoid 

sensitivity varies considerably across individuals and early life adversity may decrease the sensitivity of 

immune cells to the anti-inflammatory effects of glucocorticoids (Miller et al., 2011). Low early life SES 

has been associated with decreased glucocorticoid sensitivity, possibly contributing to increased 

inflammatory response to acute stress (Miller et al., 2009). In sum, animal models support an early 

sensitive period during which exposure to adversity imparts enduring effects on HPA responses to stress. 

Although evidence for this pathway is less consistent in humans, early life socioeconomic disadvantage 

may influence HPA activity and the sensitivity of immune cells to the anti-inflammatory effects of 

glucocorticoids, ultimately contributing to increased inflammatory responses to stress.   

The sympathetic nervous system (SNS) may also play a role in the modulation of inflammatory 

responses to stress. Rodent models show that experimental administration of epinephrine produces a 

dose-dependent increase in IL-6; moreover, beta-adrenergic antagonists inhibit this effect (DeRijk et al., 

1994). In humans, studies show a similar positive relationship between catecholamine and inflammatory 

responses to acute mental stress (Kop et al., 2008; Papanicolaou et al., 1996). This relationship was 

eliminated with the administration of glucocorticoids (Kop et al., 2008). Together, these findings suggest 

that activation of the SNS and the HPA axis are likely synergistically involved in modulating 

inflammatory responses to acute stressors. Further research examining how these two pathways control 

the magnitude of inflammatory responses to stress is warranted.  

 It is important to note that the source of stress-related increases in circulating IL-6 remains 

unclear. Although immune cells are the main source discussed in the present study, muscle cells and 
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adipose tissue also produce IL-6. Indeed, adipose tissue is a major source of circulating IL-6, with 

adipocytes producing 10-35% of circulating levels (Mohamed-Ali et al., 1997). Higher concentrations of 

IL-6 are observed among obese individuals and in vivo animal studies show larger IL-6 responses to β-

agonist infusion among obese animals (Mohamed-Ali et al., 2001). Moreover, greater BMI and body fat 

are associated with larger IL-6 responses to repeated acute stress (McInnis et al., 2014). However, in the 

current study, task-related increases in IL-6 were independent of BMI, suggesting that adipocytes did not 

significantly contribute to observed increases in circulating levels of IL-6.  

4.2 Implications 

 Regardless of the source of acute increases in circulating IL-6, the implications of inflammatory 

stress responses for health should be considered. It is proposed that immune responses to acute stress are 

adaptive and prepare the organism to handle acute immune challenges, such as infection or injury. While 

such responses may be of survival benefit in response to acute threats, there may be a long-term health 

cost for individuals who are predisposed to mount larger responses (Danese et al., 2008; Miller et al., 

2011). One possibility is that larger inflammatory responses to acute stress contribute to higher basal 

levels of circulating inflammatory mediators. Indeed, our recent work indicates that larger IL-6 responses 

to acute stress are associated with elevated CRP among men (Lockwood et al., 2016). As such, larger IL-

6 stress responses may lead to greater inflammatory disease risk via heightened basal levels of systemic 

inflammation. In support of this hypothesis, larger acute inflammatory stress responses relate to greater 

carotid artery stiffness, a preclinical marker of cardiovascular health (Ellins et al., 2008). Furthermore, 

prospective evidence links greater acute IL-6 stress responses to higher ambulatory blood pressure 3 years 

later (Brydon and Steptoe, 2005). Thus, to the extent that larger stress-induced inflammatory responses 

reflect a proinflammatory phenotype, they may identify individuals at increased risk for inflammatory 

disease in later life.  

 It is also worth noting that the SES index created for the present study differs from more 

commonly used SES indices, such as education or income, and may more accurately capture wealth than 

other measures. Indeed, the difference between this aggregate wealth measure and the more standard 
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measures of SES is reflected in the moderate correlation between the adult SES index and adult family 

income, as well as the nonsignificant correlation between adult SES index and adult education. The 

current findings raise the possibility that family wealth or material assets have unique implications for a 

child’s stress response system development and future health. Future work should examine this question 

by assessing whether IL-6 stress responses in adulthood are best predicted by parental wealth, education, 

or income.  

4.3 Limitations and Strengths 

The present study has several limitations. First, the strength of the association reported here is 

modest and should be interpreted as such. In addition, the early life SES measures used here are 

retrospective in nature. The shortcomings of the childhood SES index are well discussed in previously 

published work (Carroll et al., 2011a) and include concerns regarding recall bias. We hoped to limit this 

bias by using childhood measures that are easily recalled (parental home and vehicle ownership, number 

of bedrooms in the home). However, a number of participants were excluded from analysis due to 

inability to recall this information at ages less than 6 years (see Table 1). This raises the possibility that 

participants’ impressions of early life SES reflect subjective assessments of their family’s socioeconomic 

status in early childhood. As such, our findings are in line with a growing body of research suggesting 

that subjective measures of early life SES are predictive of physiological outcomes (Derry et al., 2013; 

Gianaros et al., 2008; John-Henderson et al., 2016). In addition, our cross-sectional design prevents causal 

conclusions about the relationship between early life SES and IL-6 stress responses. Future prospective 

work linking early life SES with IL-6 stress responses in adulthood would provide more information 

regarding the time course of these changes and resolve recall bias issues. Finally, we only assessed 

changes in IL-6 up to 30 minutes post-stressor; as other studies show that IL-6 levels continue to rise up 

to 2-hours after stressor exposure (Marsland et al., 2017; Steptoe et al., 2007), future work should 

consider whether early life SES predicts more prolonged stressor-related increases in IL-6.   

It is also important to note the limitations of the present sample. Participants were selected to be 

generally healthy, so findings may not generalize to a broader population. Replicating these results with a 
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larger, more representative sample would further support our findings.  Additionally, it should be noted 

that we previously found an association between low SES in the first 2 years of life and higher basal 

levels of circulating IL-6 in a subsample of participants drawn from the same study (Carroll et al., 2011a). 

At the time of that report, only basal levels of IL-6 at Visit 1 were complete. Interestingly, this association 

was not retained in the current analysis, which averaged pre-task levels of circulating IL-6 across the two 

laboratory visits. There was also no significant association of childhood SES at age 1-2 with IL-6 when 

we examined pre-task levels at only Visit 2. The reason for inconsistent findings across the two study 

visits is unclear, but does not appear to reflect differences in statistical power, as the total sample size for 

each analysis is comparable. One possibility is that the prior subsample differed from the present 

subsample, in that the current analysis included only those participants who provided both pre- and post-

task blood samples.  

Despite these limitations, this study had several notable strengths. First, the year-to-year reports 

of socioeconomic factors throughout childhood provided more detailed information than a single 

childhood SES measure (such as parental education or income). This allowed us to explore the hypothesis 

that there is a sensitive period in early life during which environmental exposures have a lasting effect on 

stress physiology. In addition, for 85% of the current sample, stress-related changes in IL-6 were 

averaged across two occasions of measurement separated by one month. This provides a more reliable 

assessment of stable individual differences in inflammatory response than measures from a single session, 

which may be more influenced by exogenous factors specific to the day of testing.   

4.4 Conclusion 

 In conclusion, our findings suggest that early life socioeconomic factors are associated with the 

magnitude of IL-6 responses to a brief laboratory stressor in adulthood, with greater socioeconomic 

disadvantage in the earliest years of life associating with larger IL-6 stress responses. Adult SES does not 

appear to affect this relationship and childhood socioeconomic exposures at later points in early childhood 

were not significantly associated with IL-6 responses, indicating that socioeconomic conditions in the first 

0-2 years of life may be uniquely associated with later inflammatory responses to acute stress. The 
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implications of these brief inflammatory changes are not yet known, but they may be related to 

inflammatory disease risk. Our findings add to a growing literature showing that early experiences may 

impact future psychological and physiological stress responses. 
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Highlights 

 This study examines the link between early life SES and adult IL-6 responses. 

 Lower SES at age 1-2 associates with greater IL-6 response to acute stress. 

 This relationship is independent of adult SES and affective responses. 

 Results support a link between early life disadvantage and adult stress responses. 
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