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Abstract

Both early adversity and depression are associated with heightened inflammation. However, few 

studies have focused on inflammatory reactivity to psychosocial stress and examined adiposity as 

a potential moderator. Yet, repeated heightened inflammatory reactivity over time is thought to 

contribute to low-grade chronic inflammation and adipose tissue is a key source of pro-

inflammatory cytokines. The purpose of the present study was to examine whether early adversity 

and depressive symptoms were related to stress-induced inflammation and whether these 

associations varied by total body and abdominal adiposity as measured by body mass index (BMI) 

and waist circumference (WC) in a sample of late adolescents. Participants reported on their early 

family environment and current depressive symptoms, had their height, weight, and WC assessed 

for adiposity markers, and provided blood samples for IL-6 assessment before and after a 

standardized laboratory stress task. No main effect of early adversity on IL-6 reactivity to acute 

stress was observed. However, significant interactions between early adversity and BMI and WC 

emerged. Greater exposure to early adversity was associated with greater IL-6 responses only 

among adolescents with higher BMI or WC. The same pattern of findings was observed for 

depressive symptoms. Additionally, moderated mediation analyses indicated that among 

adolescents with greater adiposity, early adversity indirectly influenced IL-6 reactivity via current 

depressive symptoms. These findings contribute to our understanding of vulnerability factors that 

may amplify the associations between early adversity and depressive symptoms and inflammation 

during relatively early stages of life.
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1. Introduction

Exposure to early adversity and depression increase risk for developing a wide array of 

physical health problems in adulthood. These include some of the most debilitating chronic 

conditions, such as cardiovascular disease, diabetes, and selected cancers, as well as 

premature all-cause mortality (Brown et al., 2009; Cuijpers et al., 2014; Evans et al., 2005; 

Felitti et al., 1998; Miller et al., 2011; Norman et al., 2012; Rotella and Mannucci, 2013). 

These effects are thought to be driven in part by slow-progressing changes in physiological 

systems, particularly inflammatory processes. Indeed, cross-sectional studies show that pro-

inflammatory cytokines and C-reactive protein (CRP) are elevated among depressed 

individuals and among those who experienced early adversity (Dowlati et al., 2010; 

Haapakoski et al., 2015; Howren et al., 2009; Lacey et al., 2014; Liu et al., 2012; Matthews 

et al., 2014; Taylor et al., 2006). Prospective studies have similarly shown that exposure to 

early adversity or to clinical and subclinical levels of depression predict higher levels of 

subsequent inflammation (Copeland et al., 2012, 2014; Danese et al., 2007; Deverts et al., 

2010; Matthews et al., 2010; Slopen et al., 2013).

Most studies examining the effects of early adversity or depression on inflammatory biology 

have focused on inflammation under tonic conditions or in response to biological challenges, 

such as vaccination, in vivo administration of endotoxin, and in vitro incubation with 

pathogens. Empirical examination of how early adversity and depression relate to 

inflammatory reactivity to psychosocial threat has been less common. To our knowledge, 

only a handful of studies to date have examined this. In these studies, early adversity, 

depressive symptoms, and clinical depression were related to heightened inflammatory 

reactivity to an acute stressor among healthy adults (Carpenter et al., 2010; Fagundes et al., 

2013; Janusek et al., 2017; Pace et al., 2006). The dearth of studies focusing on 

inflammatory reactivity to psychosocial threat is particularly surprising in light of past 

theoretical work suggesting that early adversity and depression may increase biological and 

psychological sensitivity to stress, and that repeated exaggerated inflammatory reactivity to 

stress over time contributes to low-grade chronic inflammation and increases risk for poor 

health-related outcomes (Brydon and Steptoe, 2005; Chiang et al., 2015b; Danese and 

Lewis, 2017; Fagundes and Way, 2014; McEwen and Seeman, 1999; Nusslock and Miller, 

2016; O’Hara et al., 2014).

Also not yet fully understood are the individual difference factors that may help explain 

observed variations in the associations between early adversity and depression and 

inflammation. One factor of particular importance may be adiposity given its central role in 

inflammation. Adipocytes secrete pro-inflammatory cytokines such as IL-6, TNF-α, and 

IL-1β, and nutrient excess increases their secretion of pro-inflammatory cytokines (Ferrante, 

2007; McNelis and Olefsky, 2014). Increased adiposity also activates extant macrophages in 
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adipose tissue to become more pro-inflammatory and increases recruitment of monocytes to 

adipose tissue, ultimately increasing the number of macrophages and further promoting a 

state of inflammation (Ferrante, 2007; Weisberg et al., 2003; Xu et al., 2003). 

Approximately a quarter of circulating inflammatory markers are from adipose tissue 

(Black, 2003), and greater adiposity, as measured by BMI and WC, has been consistently 

and strongly linked to heightened inflammation in numerous correlational studies (e.g., 

Galcheva et al., 2011; Himmerich et al., 2006; Panagiotakos et al., 2005; Steene-

Johannessen et al., 2010). Experimental studies similarly have shown that higher BMI is 

associated with enhanced levels of pro-inflammatory cytokines in response to stress 

(McInnis et al., 2014; Wirtz et al., 2008). Despite the fact that increased adiposity has been 

linked to heightened inflammation and is a known risk factor for chronic diseases of aging, it 

has mostly been studied separately from early adversity and depression in relation to 

inflammation; or, it has been treated as a potential confounding or mediating variable. The 

potential modulating role of adiposity has rarely been considered.

Adolescence may an especially important developmental period to examine the influence of 

early adversity and depression on stress-induced inflammation and the potential moderating 

role of adiposity given that sensitivity to social stress may be heightened during this time 

(Blakemore and Mills, 2014; Somerville, 2013; Spear, 2009). Compared to children and 

adults, adolescents display greater neuroendocrine and negative emotional responses to 

social stressors, and heightened neural reactivity to negative interpersonal stimuli (Gunnar et 

al., 2009; Sebastian et al., 2010; Stroud et al., 2009). Adolescence is also when depression 

frequently emerges, with prevalence rates increasing from very low childhood rates to 

comparable adult rates (Avenevoli et al., 2015; Kessler et al., 2001). Furthermore, 

adolescence is a key developmental period that sets the stage for adult health. Many 

inflammation-related chronic conditions are life-course diseases that begin to develop early 

in life. For example, signs of metabolic syndrome and atherosclerosis can be observed in 

adolescence (Cook et al., 2003; Strong et al., 1999). Despite this, the majority of prior work 

on inflammatory consequences of early adversity and depression have focused on adults.

The overarching goal of the present investigation was to deepen our understanding of how 

early adversity and depression relate to inflammatory processes during adolescence. 

Specifically, we examined whether early adversity and current depressive symptoms were 

each associated with heightened inflammatory reactivity to stress and whether these 

relations varied as a function of adiposity in a sample of late adolescents. Because early 

adversity and symptoms of depression often co-vary, and early adversity has been shown to 

precipitate depression (Felitti et al., 1998; Hazel et al., 2008; MacMillan et al., 2001; Spence 

et al., 2002; St Clair et al., 2015), in subsequent exploratory analyses, we also examined 

whether any observed associations between early adversity and inflammatory reactivity 

could be explained by current depressive symptoms. Additionally, we explored whether 

early adversity and depressive symptoms and their interactions with adiposity had similar 

effects on hypothalamic-pituitary-adrenal (HPA) axis functioning. Both early adversity and 

depression have been associated with alterations in the HPA axis, which regulates 

inflammatory processes (Burke et al., 2005; Chiang et al., 2015b; Repetti et al., 2011; 

Rohleder, 2014). Furthermore, there is some evidence suggesting HPA functioning is 

dysregulated in the presence of greater adiposity (Rodriguez et al., 2015). As such, 
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interaction effects between early adversity and depressive symptoms and adiposity may 

extend to the HPA axis.

2. Methods

2.1. Participants

Participants (n = 91; 57.14% female) were recruited from an ongoing three-wave 

longitudinal study examining the role of psychosocial factors and daily socio-emotional 

experiences in the development of early risk for poor health. The original sample of the 

larger study comprised of 316 adolescent-parent dyads recruited from the 10th and 11th 

grades of four Los Angeles high schools. Youth and their parents completed a series of 

questionnaires, provided measures for several biomarkers, and completed a daily diary 

protocol at each wave. More details on the parent study can be found elsewhere (Chiang et 

al., 2015a, 2016).

The present laboratory-based study focused on the youth participants and was added during 

the second wave of the study when adolescents were in their last year of high school or first 

year of college. Individuals were eligible to participate in the present investigation if they 

were at least 18 years of age and self-identified as Latino or European-American. Other 

ethnicities were excluded due to insufficient numbers in the larger study. Individuals were 

also excluded if they were currently pregnant, or breast-fed within the last six months. All 

participants provided written informed consent and all procedures were approved by the 

UCLA Institutional Review Board.

Participants were between the ages of 18 and 20 (M = 18.37, SD = .51) and were mostly of 

Latino descent (European-American: 37.36%; Latino: 62.64%). Caregiver reports of annual 

household income and their own and spouse’s highest level of education completed (11-

point scale: 1 = some elementary school, 11 = graduated from medical law, or graduate 
school) indicated that participants were mostly from middle class backgrounds. Median 

household income was $79,000 (range = $11,000–$350,000). Averaging education across 

parents indicated that approximately 14.4% of participants had parents with less than a high 

school education, 7.8% had at least one parent who completed high school, 38.9% had at 

least one parent who completed vocational trade school or some college, 23.3% had at least 

one parent who completed college, and 15.6% had at least one parent who completed some 

or all of graduate or professional school.

2.2. Procedure

Laboratory sessions were conducted at the Clinical and Translational Research Center 

(CTRC) at the University of California, Los Angeles between the hours of 12 pm and 6 pm, 

with the majority of visits (89%) beginning at 12 or 1 pm and the remaining visits beginning 

between 2 and 4 pm. Participants arrived without their parents, and a nurse assessed vital 

signs, collected anthropometric measures, and inserted an indwelling intravenous catheter in 

the antecubital vein of the non-dominant arm for blood sample collection. Use of an 

indwelling catheter allows for repeated blood draws without multiple needle insertions. To 

facilitate acclimation to the testing environment and indwelling catheter, participants then 
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watched a neutral-content video quietly for 20 minutes. After this baseline period, the first 

blood and saliva samples were collected.

Next, participants completed the Trier Social Stress Task (TSST), a well-established 

laboratory stressor (Kirschbaum et al., 1993) that reliably increases inflammation (Steptoe et 

al., 2007). Participants were instructed to prepare and deliver a speech on why they were the 

best candidates for their ideal jobs in front of an evaluative panel of expert interviewers. In 

actuality, the panel consisted of research assistants trained to provide nonverbal negative 

feedback. Participants were also informed that they would be given a second task that was to 

be explained by the judging panel. They were given five minutes to prepare for the 

upcoming task, after which they delivered their speech in front of the evaluative panel. 

Immediately after, participants performed a five-minute mental arithmetic task that involved 

subtracting by 13’s from 2935 as quickly and accurately as possible. During this task, the 

judging panel urged participants to go more quickly if they got three consecutive answers 

correct and to start from the beginning each time they made a mistake. Following the TSST, 

participants provided three additional blood samples at 30, 60, and 90 min post-TSST onset. 

Additional saliva samples were also collected immediately after the TSST, and 30, 45, 60, 

and 75 min after TSST onset. Participants were debriefed and compensated before 

dismissed.

2.3. Measures

2.3.1. Early adversity—The Risky Families (RF) questionnaire (Taylor et al., 2004) was 

used to assess early adversity. Participants indicated the frequency of conflict, violence, 

harsh discipline, affectionate behaviors, neglect, and chaos/disorganization in their family 

environment from ages 5 to 15 years using a scale from 1 = not at all to 5 = very often. 

Positive-meaning items were reverse scored, and responses were averaged across items such 

that higher scores indicate greater exposure to early adversity. This scale has been shown to 

have high agreement with clinical interviews assessing early life stress (Taylor et al., 2004), 

and in the current sample, the measure demonstrated good reliability (α = .84).

2.3.2. Depressive symptoms—Depressive symptomatology was assessed using the 20-

item Center for Epidemiologic Studies-Depression Scale (CES-D) (Radloff, 1977). Using a 

4-point scale (1 = rarely or none of the time, 4 = most or all of the time), participants 

indicated how often they experienced cognitive, affective, and somatic symptoms of 

depression during the past week. Example items include, “I had trouble keeping my mind on 

what I was doing,” “I felt sad,” “I felt people disliked me,” and “I could not get going.” 

Cronbach’s α was .91, indicating good internal consistency.

2.3.3. Inflammation—Four blood samples were collected throughout the laboratory visit 

at baseline, and 30, 60, and 90 min after TSST onset. At each time point, six mL of blood 

was collected into EDTA lavender-top tubes, placed on ice immediately after collection, 

centrifuged for acquisition of plasma, separated into three plasma aliquots, and stored at 

−80 °C. Upon data collection completion, samples were assayed for IL-6. We focused on 

IL-6 because it increases in response to acute stress and has been associated with early 
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adversity and long-term chronic health conditions during adulthood (Carpenter et al., 2010; 

Slopen et al., 2013; Steptoe et al., 2007; Yudkin et al., 2000).

Samples were assayed in duplicate using the Quantikine high sensitivity human IL-6 ELISA 

kits (R&D Systems, Inc., Minneapolis, MN) by the UCLA Inflammatory Biology Core 

Laboratory. Each subject’s samples were assayed in the same run, and intra- and inter-assay 

coefficients of variability were below 7%. No sample was below the lower limit detection 

of .2 pg/mL. Consistent with past research (Carpenter et al., 2010; Carroll et al., 2011; Pace 

et al., 2006; Slavich et al., 2010), change scores were calculated from baseline to peak IL-6 

(i.e., 90 min post-stressor) to index absolute magnitude of IL-6 increases in response to the 

TSST.

2.3.4. HPA axis function—Participants provided six saliva samples throughout the 

laboratory visit immediately after the neutral-content video (baseline), after the TSST, and 

30, 45, 60, and 75 min after TSST onset. Saliva samples were collected using oral swabs 

(Salimetrics). Samples were stored at −80 °C until data collection was complete, after which 

samples were shipped on ice to the Laboratory of Biological Psychology at the Technical 

University of Dresden, Germany. Saliva samples were assayed for cortisol in duplicate using 

chemiluminescence-immunoassays with high sensitivity (IBL, International, Hamburg, 

Germany). Intra- and inter-assay coefficients of variations were below 10%. Following 

previous research, area under the curve with respect to ground (AUCg) and increase (AUCi) 

were computed to index total cortisol output across the laboratory visit and cortisol increase 

in response to the TSST, respectively (Pruessner et al., 2003).

2.3.5. Adiposity—Two anthropometric indices were used to index adiposity: BMI and 

WC, which index total or general adiposity and central or abdominal adiposity, respectively. 

Height and weight without shoes were assessed using an electronic scale and stadiometer. 

BMI was computed as weight in kilograms divided by height in meters squared. WC was 

assessed at the middle point between iliac crest and lower rib using measuring tape. 

Measures were taken in duplicate and averaged. BMI and WC have been validated as 

measures of adiposity, with BMI being highly correlated with total body fat and percent of 

body weight as fat in adolescents and WC accurately identifying youth with high trunk fat 

mass (Pietrobelli et al., 1998; Taylor et al., 2000). Moreover, BMI and WC have consistently 

been associated with heightened inflammation and been shown to be robust predictors of 

cardio-metabolic risk in youth, with some evidence suggesting that WC may be a better 

predictor (Bauer et al., 2015; Garnett et al., 2007; Herder et al., 2007; Janssen et al., 2005; 

Katzmarzyk et al., 2004).

2.3.6. Potential confounds—Potential confounding variables included 

sociodemographic characteristics (i.e., age, gender, ethnicity, and family socioeconomic 

status), as well as health behaviors, potential current illness, and time of laboratory visit. As 

part of the larger parent study, participants reported on their own ethnicity and gender while 

their parents reported on participants’ date of birth, from which age was calculated. 

Participants’ parents also reported on the highest level of education that they and their 

spouse completed, which was subsequently averaged across the two parents to index family 

socioeconomic status.

Chiang et al. Page 6

Brain Behav Immun. Author manuscript; available in PMC 2017 December 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Experimenters recorded participants’ time of arrival to the laboratory visit. During the visit, 

participants reported on the number of days they engaged in physical activity or smoked 

cigarettes during the past week, and whether they had a medical history of any major 

physical or psychiatric condition. Six adolescents reported smoking in the past week and 14 

reported a medical history of allergies or asthma; autoimmune, blood, metabolic or 

cardiovascular condition; depression, anxiety, or PTSD; or other major physical or mental 

health condition.

2.4. Statistical approach

All analyses were performed using Stata 14 (StataCorp LP, USA). Before analyses, 

inflammatory and HPA indices were natural log-transformed to correct for non-normality 

and continuous variables were mean-centered. Repeated measures ANOVA were first 

conducted to determine whether the TSST was effective in increasing IL-6 and cortisol. A 

series of hierarchical regression models were then estimated to examine links from early 

adversity and depressive symptoms to inflammation and HPA activity, and whether adiposity 

moderated these associations. Early adversity or depressive symptoms, markers of adiposity, 

and sociodemographic characteristics (i.e., age, gender, ethnicity, and parent education) were 

entered in the first step, followed by the interaction terms in the second step. Any significant 

interactions were followed up with tests of simple slopes at ±1SD of the moderating 

variable. Additionally, we conducted regions of significance analyses to more precisely 

probe interactions.

Given results from primary analyses focusing on IL-6 reactivity, and that early adversity is a 

known precursor to depression (Hazel et al., 2008; Spence et al., 2002), we conducted 

moderated mediation analyses to explore whether current depressive symptoms acted as a 

pathway linking early adversity to heightened inflammatory reactivity among adolescents 

with greater adiposity. Moderated mediation models were tested using Model 15 in the 

PROCESS SPSS macro (Hayes, 2013) with early adversity as the predictor, current 

depressive symptoms as the mediator, IL-6 reactivity as the outcome, and adiposity as the 

moderator of the links from early adversity and depressive symptoms to IL-6 reactivity (Fig. 

1). Following guidelines for conducting moderated mediation analyses (Hayes, 2015), we 

examined the main effect of early adversity on depressive symptoms and the independent 

interaction effects between early adversity and adiposity and between depressive symptoms 

and adiposity on IL-6 reactivity. All models controlled for sociodemographic variables. A 

significant main effect of early adversity on depressive symptoms and an interaction effect 

between depressive symptoms and adiposity on IL-6 reactivity would suggest moderated 

mediation. Bootstrapping (5000 samples) was conducted for significance testing of 

moderated indirect effects.

3. Results

Descriptive statistics are displayed in Table 1. Overall, average RF scores were fairly low, 

though comparable to those observed in previous research with adolescents that found that 

RF scores were related to greater stimulated production of IL-6 over time (Miller and Chen, 

2010). Mean CESD scores were relatively close to the threshold suggesting clinically 
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significant depressive symptoms (i.e., 16) and were also comparable to those observed in 

past work on youth (Kubzansky et al., 2012; McKeown et al., 1997; Parent et al., 2014). 

Nearly 30% of participants had CESD scores in the clinical range. Mean BMI was relatively 

high according to adult weight status categories. According to adolescent weight status 

categories based on BMI percentiles, 2.2% of adolescents were underweight, 65.2% were of 

healthy weight, 20.2% were overweight, and 11.2% were obese.

Bivariate correlations also displayed in Table 1 show that higher RF scores were related to 

more depressive symptoms, greater WC, and lower cortisol AUCg, but not to cortisol AUCi 

or IL-6. BMI was fairly strongly related to IL-6 at each time point, but was not correlated 

with IL-6 change scores. WC was highly correlated with BMI but was only moderately 

correlated with IL-6 at each time point. Like BMI, WC was unrelated to IL-6 reactivity. IL-6 

levels at each time point were correlated with one another and with cortisol AUCi, though 

they were not associated with magnitude of reactivity to the TSST. Greater parent education 

was associated with lower levels of IL-6 at baseline and 30 and 60 min post-TSST, but not to 

IL-6 at 90 min post-TSST and to IL-6 change scores.

3.1. TSST-induced inflammatory and HPA reactivity

Results from repeated measures ANOVA showed a significant effect of time on IL-6 and 

cortisol, indicating that the TSST elicited significant increases in IL-6 (F(1.78, 156.30) = 

44.18, p < .001) and activated the HPA axis (F(2.49, 224.14) = 27.96, p < .001). Bonferroni-

corrected pairwise comparisons indicated that IL-6 increased significantly from baseline to 

+60 and +90 min post-TSST and from +60 to +90 min post task (ps < .001); baseline and 

+30 min post-TSST onset did not differ from each other (p = .99; Fig. 2a). Cortisol increased 

significantly from baseline to +30 and +45 min after the TSST (ps < .001) and returned to 

baseline levels by +60 min post task (ps = .99; Fig. 2b).

3.2. Early adversity, depressive symptoms, and inflammatory reactivity

3.2.1. Early adversity—For baseline IL-6, there was no main effect of early adversity (b 
(SE) = −.13 (.10), p = .19), and no interaction effects between early adversity and measures 

of adiposity (RF × BMI: b(SE) =−.02 (.02), p = .32; RF × WC (b(SE) = −1.78 (1.29), p = .

17).

As shown in Table 2 (columns 1 and 3), there was also no main effect of early adversity on 

IL-6 reactivity (ps > .51). However, early adversity interacted with BMI to predict IL-6 

reactivity (p = .03; column 2). Follow-up tests of simple slopes indicated that early adversity 

was related to greater inflammatory reactivity among adolescents with higher BMI (b(SE) 
= .22 (.10), p = .03; Fig. 3a). This association was not observed among those with lower 

BMI (b(SE) =−.15 (.10), p = .16). Regions of significance analyses revealed that the link 

between early adversity and IL-6 responses were significant for adolescents with a BMI of at 

least 28.99 (i.e., +.66 SD).

A similar pattern emerged for central adiposity as assessed by WC. There was a significant 

interaction between early adversity and WC (p = .03; column 4), and tests of simple slopes 

revealed that greater exposure to early family adversity was associated with heightened IL-6 
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responses among those with higher WC (b(SE) = .16 (.08), p = .05), but not lower WC 

(b(SE) =−.11 (.09), p = .23). As identified by regions of significance analyses, the early 

adversity-IL-6 reactivity association was significant at WC values of at least 97.19cm (i.e., 

+1.01 SDs).

3.2.2. Depressive symptoms—Depressive symptoms were not related to baseline levels 

of IL-6 (b(SE) = −.01 (.01), p = .20) and no interactions with BMI or WC emerged (BMI: 

b(SE) = −.0004 (.001), p = .63; WC: b(SE) = −.0003 (.0004), p = .41).

Paralleling results for early adversity, there was no main effect of depressive symptoms on 

IL-6 reactivity (ps > .19), as displayed in Table 3 (columns 1 & 3). However, depressive 

symptoms interacted with adiposity indices to predict reactivity (BMI: p = .01; column 2; 

WC: p = .01; column 4). Greater depressive symptoms were associated with larger IL-6 

responses among adolescents with higher BMI (b(SE) = .01 (.004), p = .01), but not among 

those with lower BMI (b(SE) = −.01 (.01), p = .26; Fig. 3b). Region of significance analyses 

indicated that the association between greater depressive symptoms and heightened IL-6 

responses was significant for adolescents with a BMI of at least 27.75 (i.e., +.45 SD).

Similarly, greater depressive symptoms were linked to greater IL-6 responses only among 

those with higher WC (b(SE) = .01 (.004), p = .01) but not among those with lower WC 

(b(SE) = −.004 (.004), p = .31). Regions of significance analyses more precisely identified 

the depressive symptoms-inflammatory reactivity link as being significant at WC values of 

at least 87.90cm (i.e., +.39 SD).

3.2.3. Exploratory analyses: moderated mediation—Based on the above results, we 

next tested a moderated mediation scenario in which early adversity increased depressive 

symptoms to heighten inflammatory reactivity among adolescents with greater adiposity. 

Results indicated that greater exposure to early adversity was associated with greater 

depressive symptoms (b(SE) = 7.34 (1.64), p < .001). In addition, depressive symptoms 

continued to interact with adiposity to predict IL-6 reactivity independent of the early 

adversity by adiposity interaction. Specifically, the interaction effect between depressive 

symptoms and BMI marginally predicted IL-6 responses (b(SE) = .001 (.001), p = .06) while 

the early adversity by BMI interaction was not significant (b(SE) = .01 (.02), p = .58). The 

interaction between depressive symptoms and WC also remained significant (b(SE) = .001 (.

0002), p = .03) while the interaction between early adversity and WC was reduced to non-

significance (b(SE) = .005 (.004), p = .29).

These findings suggest that the extent to which depressive symptoms mediate the link 

between early adversity and IL-6 reactivity varies according to adiposity. Bootstrapping 

analyses indicated that BMI did not moderate the extent to which depressive symptoms 

acted as a mediator (b(SE) = .01 (.01), 95% CI [−.002–.02]). However, the indirect effect of 

depressive symptoms was moderated by WC (b(SE) = .004 (.002), 95% CI [.001–.01]). 

Among adolescents with a WC at +1SD above the mean, greater depressive symptoms 

mediated the association between early adversity and heightened IL-6 reactivity (b(SE) = .

08(.04), 95% CI [.01–.18]). Mediation of the link between early adversity and IL-6 reactivity 
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by depressive symptoms was not observed among those with a WC at -1SD below the mean 

(b(SE) = −.03(.04); 95% CI [−.15–.03]).

3.3. Early adversity, depressive symptoms, and HPA axis functioning

3.3.1. Early adversity—As shown in Table 4, exposure to greater levels of early adversity 

was associated with decreased AUCg (ps < .004) and AUCi (ps < .08), indicating that 

adolescents with more adversity tended to have lower total cortisol output and cortisol 

reactivity. These relations did not vary by BMI or WC (ps > .10).

3.3.2. Depressive symptoms—Depressive symptoms were unrelated to AUCg (b(SE) = 

−.49 (.46), p = .28) and AUCi (b(SE) = .46 (.42), p = .28). Additionally, there were no 

interaction effects between depressive symptoms and measures of adiposity on AUCg (BMI: 

b(SE) = −.02 (.07), p = .68; WC: b(SE) = −.01 (.03), p = .60) and on AUCi (BMI: b(SE) = .

03 (.07), p = .67; WC: b(SE) = .01 (.02), p = .67).

3.4. Sensitivity analyses

To rule out the confounding roles of time of laboratory visit, physical activity, smoking 

behavior, and potential current medical conditions, we repeated analyses while adjusting for 

these variables. Controlling for these factors did not alter findings. We also examined 

whether any outliers influenced results by winsorizing values exceeding three standard 

deviations from the mean on primary study variables, including early adversity (n = 1), BMI 

(n = 3), WC (n = 2), and IL-6 reactivity (n = 1). Results remained unchanged, indicating that 

extreme values did not influence findings.

4. Discussion

The present study aimed to deepen our understanding of the relation between early adversity 

and depressive symptoms and inflammatory biology by focusing on inflammatory reactivity 

to acute stress and by examining the moderating role of adiposity during adolescence. We 

found that the links from early adversity and depressive symptoms to IL-6 reactivity 

depended on youths’ BMI and WC, such that growing up in harsh family environment or 

having higher levels of current depressive symptoms was related to greater inflammatory 

reactivity to an acute stressor only among adolescents with higher BMI or WC. Moderated 

mediation analyses suggested that among adolescents with greater central adiposity, higher 

levels of current depressive symptoms mediated the link between early adversity and greater 

inflammatory reactivity. These findings were specific to inflammatory reactivity and were 

not apparent for HPA axis functioning. Results suggest that adiposity is an important 

vulnerability factor that may amplify the inflammatory effects of early adversity and 

depressive symptoms relatively early in life. They also highlight the importance of 

examining inflammatory reactivity to stress in relation to early adversity among young 

individuals.

The relations between early adversity and depressive symptoms and heightened 

inflammation emerged only in the context of higher adiposity, and this was evident only for 

IL-6 responses to psychosocial stress, but not for baseline levels of IL-6. A potential 
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explanation for the observed findings is that adipose tissue may be a major source of stress-

induced inflammation. Psychosocial stress upregulates sympathetic activity, increasing 

norepinephrine which can stimulate adipocytes and macrophages in adipose tissue, other 

organs, and in circulation to release pro-inflammatory cytokines (Black, 2006; Irwin and 

Cole, 2011; Wohleb et al., 2011). As described above, greater adiposity dramatically 

increases the number of adipose tissue macrophages and biases them towards a more pro-

inflammatory phenotype. Adipocytes also become more inflammatory when adiposity 

increases. Greater adiposity, then, may foster an underlying tendency towards heightened 

inflammatory reactivity, and early adversity or depressive symptoms in conjunction with 

adiposity may lead to earlier emergence of higher IL-6 responses to stress during late 

adolescence.

Consistent with past research, there was some evidence that the association between early 

adversity and inflammatory reactivity among adolescents with greater adiposity was 

mediated by current depressive symptoms. Early adversity has been shown to be a potent 

risk factor for current and future depression. For instance, childhood and adolescent 

experiences of less supportive and more conflictual family environments predict symptoms 

and clinical diagnosis of depression concurrently and prospectively (Felitti et al., 1998; 

Sheeber et al., 1997; St Clair et al., 2015). In turn, a substantial body of work has elucidated 

an intimate bi-directional relation between depression and inflammation, with prior studies 

showing that symptoms of depression can subsequently increase risk for heightened 

inflammation (Copeland et al., 2012; Dowlati et al., 2010; Haapakoski et al., 2015; 

Matthews et al., 2010; Miller and Cole, 2012). Together with these past studies, the present 

study supports a mediation scenario whereby early adversity increases inflammation by 

increasing depressive symptoms, at least among adolescents with greater adiposity.

Main effects of early adversity and depressive symptoms as well as modulation of their links 

to inflammation by adiposity were not observed for baseline levels of IL-6. This may be due 

to the fact that we focused on adolescents, and levels of inflammation remain low early in 

life. Younger individuals tend to have relatively intact immune systems that keep 

inflammatory activity from overshooting and fostering a chronic inflammatory state (Miller 

and Chen, 2010). Consequently, effects of negative experiences such as early adversity and 

higher levels of depressive symptoms on baseline circulating levels of inflammation, even in 

the presence of other risk factors like greater adiposity, may not manifest until later in life. 

Our findings show that among younger individuals, the connections from early adversity and 

depressive symptoms to inflammation are evident when multiple risk factors are present and 

when challenging the inflammatory system. These results may help explain why early 

adversity has been more consistently associated with higher levels of inflammation under 

tonic conditions among adults (Danese et al., 2007; Lacey et al., 2014) compared to younger 

individuals (Miller and Chen, 2010; Miller et al., 2009; Schreier et al., 2014).

We explored whether results for inflammatory reactivity would extend to the HPA axis given 

cortisol’s inhibitory effects on inflammation and previously observed HPA axis alterations 

among individuals with a history of early adversity, depression, or obesity. Measures of 

adiposity did not interact with early adversity or depressive symptoms to influence total 

HPA output and reactivity to the TSST. This may be due to potential opposing effects of 
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early adversity and adiposity on HPA axis functioning. In past studies, early adversity has 

been associated with decreased HPA activity whereas adiposity has been associated with 

enhanced HPA activity, though not all studies have observed these relations (Chiang et al., 

2015b; Repetti et al., 2011; Rodriguez et al., 2015). Similarly, in the present study, greater 

exposure to early adversity was associated with decreased total cortisol output and reactivity 

whereas greater WC was associated with greater HPA reactivity. Rather than having 

synergistic effects, early adversity and abdominal adiposity may have independent additive 

effects on HPA axis functioning.

Several limitations of the study should be acknowledged. First, we relied on retrospective 

reports of early family stress. Responses may have been influenced by affective states or 

subject to recall biases. However, responses to the RF questionnaire concur with responses 

to clinical interviews assessing early adversity (Taylor et al., 2004), and similar scales 

retrospectively assessing early experiences have reliably been linked to adverse mental and 

physical health outcomes (Felitti et al., 1998). Second, adiposity was assessed indirectly 

using anthropometric measures BMI and WC. Although correlated with more direct 

measures of adiposity and associated with inflammation and cardio-metabolic risk (Bauer et 

al., 2015; Garnett et al., 2007; Herder et al., 2007; Janssen et al., 2005; Katzmarzyk et al., 

2004; Pietrobelli et al., 1998; Taylor et al., 2000), these measures are not always precise; for 

instance, muscular individuals with less adipose tissue can have a high BMI. More accurate 

measures of adiposity, such as those based on dual energy X-ray absorptiometry, should be 

used in future work. Third, the correlational design precludes any inferences of causality, 

and other unmeasured factors may have influenced results. Relatedly, because the present 

study is cross-sectional, persistence of heightened inflammatory reactivity and long-term 

health consequences cannot be determined. Lastly, the artificiality of the laboratory-

controlled setting makes unclear whether the present findings would translate to naturalistic 

settings. Participants were in a clinic setting with an indwelling catheter in their arms, which 

may not reflect typical experiences of psychosocial stress in everyday life. However, 

neuroendocrine responses to laboratory-based stressors have been related to neuroendocrine 

functioning in everyday life, pointing to the ecological validity of laboratory-based stress 

paradigms (Kidd et al., 2014). Furthermore, greater daily stress has been related to higher 

levels of IL-6 among individuals who were abused in early life but not among non-abused 

individuals (Gouin et al., 2012). This suggests that the present findings may apply to 

inflammatory responses to naturalistic stressors that occur in everyday life.

Despite these limitations, the present study points to the utility of considering vulnerability 

factors and going beyond baseline measures of inflammation to assess stress-induced 

inflammatory reactivity when studying the inflammatory consequences of early adversity or 

depressive symptoms during earlier life stages. Extending past studies showing adiposity to 

be a pathway linking early adversity to heightened inflammation (Matthews et al., 2014), we 

demonstrate that adiposity may also operate as an important modulator that may lead to 

earlier emergence of increased inflammation related to stressful experiences early in life 

during adolescence. To the extent that adolescents with greater adiposity and exposure to 

early adversity or depressive symptoms continue to mount an exaggerated inflammatory 

response to psychosocial threat over time, they may be more prone to developing 

inflammatory-related conditions including insulin resistance and atherosclerosis (Libby, 
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2012; Pradhan et al., 2001). It will be important for future work to ascertain the endurance 

and clinical significance of the observed findings.
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Fig. 1. 
Conceptual moderated mediation model of adiposity (i.e., BMI or WC) moderating the 

extent to which depressive symptoms mediates the association between early adversity and 

IL-6 reactivity.
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Fig. 2. 
Mean (±SEM) natural log-transformed (a) IL-6 and (b) cortisol at baseline and following the 

TSST.
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Fig. 3. 
(a) Early adversity and (b) depressive symptoms were related to greater natural log-

transformed IL-6 reactivity among individuals with higher BMI but not among those with 

lower BMI.
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Table 2

Stepwise hierarchical regression models predicting natural log-transformed IL-6 reactivity from early 

adversity, indices of adiposity, and their interactions.

BMI WC

Step 1 Step 2 Step 1 Step 2

b (SE) b (SE) b (SE) b (SE)

Intercept .89 (.08)*** .85 (.08)*** .89 (.08)*** .87 (.08)***

Age .11 (.07) .06 (.07) .11 (.07) .09 (.07)

Gender .07 (.07) .10 (.07) .06 (.07) .08 (.07)

Latino −.10 (.08) −.09 (.08) −.10 (.08) −.10 (.08)

Parent education −.01 (.02) −.02 (.02) −.01 (.02) −.02 (.02)

Risky families .04 (.06) .04 (.06) .04 (.06) .03 (.06)

Adiposity −.005 (.01) −.01 (.01) −.001 (.003) −.003 (.003)

Risky families x Adiposity .03 (.01)* .01 (.004)*

*
p < .05,

**
p < .01,

***
p < .001.
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Table 3

Stepwise hierarchical regression models predicting natural log-transformed IL-6 reactivity from depressive 

symptoms, indices of adiposity, and their interactions.

BMI WC

Step 1 Step 2 Step 1 Step 2

b (SE) b (SE) b (SE) b (SE)

Intercept .88 (.08)*** .87 (.07)*** .88 (.08)*** .89 (.07)***

Age .10 (.07) .06 (.07) .10 (.07) .06 (.07)

Gender .07 (.07) .11 (.07) .06 (.07) .08 (.07)

Latino −.09 (.08) −.12 (.08) −.09 (.08) −.12 (.08)

Parent education −.01 (.02) −.01 (.02) −.01 (.02) −.02 (.02)

Depressive symptoms .005 (.004) .003 (.004) .005 (.004) .004 (.004)

Adiposity −.004 (.01) −.004 (.01) −.001 (.002) −.002 (.002)

Depressive symptoms x Adiposity .001 (.001)** .001 (.0001)**

*
p < .05,

**
p < .01,

***
p < .001.
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