
UC San Diego
UC San Diego Previously Published Works

Title
Chronic Stress Burden, Visceral Adipose Tissue, and Adiposity-Related Inflammation: The 
Multi-Ethnic Study of Atherosclerosis

Permalink
https://escholarship.org/uc/item/7nb1k0dn

Journal
Psychosomatic Medicine, 83(8)

ISSN
0033-3174

Authors
Delker, Erin
AlYami, Bandar
Gallo, Linda C
et al.

Publication Date
2021-10-01

DOI
10.1097/psy.0000000000000983
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7nb1k0dn
https://escholarship.org/uc/item/7nb1k0dn#author
https://escholarship.org
http://www.cdlib.org/


Chronic Stress Burden, Visceral Adipose Tissue, and Adiposity­
Related Inflammation: The Multi-Ethnic Study of Atherosclerosis

Erin Delker, MPH,
Joint Doctoral Program in Epidemiology, San Diego State University and University of California 
San Diego, San Diego CA, USA

Bandar AlYami, MBBS,
School of Medicine, University of California San Diego, San Diego CA, USA

Linda C. Gallo, PhD,
Department of Psychology, San Diego State University, San Diego CA, USA

John M Ruiz, PhD,
Department of Psychology, University of Arizona, Tucson AZ, USA

Moyses Szklo, MD, MPH, DrPH,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore MD, 
USA

Matthew A. Allison, MD, MPH
Family Medicine and Public Health, University of California San Diego, San Diego CA, USA

Abstract

Objective: We investigated the role of chronic stress burden on adiposity and adiposity-related 

inflammation with two hypotheses: (1) greater chronic stress is associated with higher central 

adiposity and selective accumulation of visceral adipose tissue (VAT) compared to subcutaneous 

adipose tissue (SAT); and (2) associations between VAT and inflammatory biomarkers are 

exacerbated when chronic stress is high.

Methods: Data come from 1,809 participants included in a Multi-Ethnic Study of 

Atherosclerosis ancillary study of body composition and adiposity-related inflammation. Chronic 

psychosocial stress was measured with a 5-item version of the Chronic Stress Burden Scale. 

First, we tested associations between chronic stress (3-level categorical variable) and VAT, SAT, 

and VAT/SAT ratio. Second, we tested whether associations between VAT and inflammatory 

biomarkers varied by level of chronic stress.

Results: Participants were approximately 65 years, 50% female, and 40.5% White, 25.6% 

Hispanic, 21.2% African American, and 12.8% Chinese American. About half of the sample 

reported little to no stress, and a quarter and a fifth of the sample reported medium and high 

levels of stress. Higher levels of chronic stress were associated with greater VAT and SAT, but not 
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VAT/SAT ratio. Greater levels of VAT were associated with increased levels of adiposity-related 

inflammation in a graded pattern. These associations did not vary by stress level.

Conclusions: Greater chronic stress burden is associated with both central and subcutaneous 

adiposity. We found no evidence that the associations between VAT and inflammatory biomarkers 

are exacerbated by chronic stress. Findings contribute to ongoing literature untangling pathways in 

which psychosocial stress contributes to adiposity-related inflammation.
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visceral adipose tissue; central adiposity; inflammation; chronic psychosocial stress

INTRODUCTION

In several epidemiologic studies, chronic psychosocial stress has been associated with 

low-grade systemic inflammation and is considered a cardiovascular disease risk factor. 

[1–4] One of the most studied potential mechanisms linking chronic stress to inflammatory 

biomarkers has been via accumulation of adipose tissue. Chronic stress may promote fat 

accumulation through several behavioral responses, including excess caloric intake, reduced 

physical activity and increased sedentary behavior.[5–9] In addition to these behavioral 

mechanisms, chronic stress is associated with dysregulation of the HPA axis. Increased 

production of cortisol and reduced glucocorticoid sensitivity has also been associated with 

increased adiposity and increased levels of circulating pro-inflammatory cytokines.[4, 10–

12]

The existing literature in this area, however, is limited because the adiposity outcome 

is most frequently measured with body mass index (BMI, kg/m2) or, in fewer studies, 

waist circumference or waist-to-hip ratio.[5] These measures of adiposity are not able 

to distinguish between fat accumulated in specific depots of the abdominal region. 

For example, two individuals with the same measured waist circumference may have 

different amounts of adipose tissue stored directly under the skin (subcutaneous adipose 

tissue, SAT) and around organs in the abdominal cavity (visceral adipose tissue, VAT). 

This distinction is clinically relevant because VAT is more metabolically active than 

SAT, has more glucocorticoid receptors, and is independently associated with increased 

morbidity and mortality.[13, 14] Moreover, VAT is a well-established risk factor of 

metabolic and cardiovascular disease, [15–18] and contributes to the secretion of several 

adipokines including tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), resistin and 

adiponectin. Dysregulation of these adipokines is associated with endothelial dysfunction, 

atherosclerosis, and low-grade chronic inflammation. [19–22]

There is some evidence to suggest that chronic hypersecretion of stress hormones affects 

fat distribution and promotes selective accumulation of VAT. [23–26] However, only a 

few studies have examined psychosocial factors in relation to CT-assessed visceral fat in 

human participants. Cross-sectional analyses from the Study of Women’s Health Across 

the Nation (SWAN) cohort suggest that experiences of discrimination [27], depressive 

symptoms, [28] and hostility [29] are associated with increased VAT. Longitudinal data 

collected from a small cohort of mothers of children with autism spectrum disorder show 
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increased VAT associated with chronic caregiving stress.[30] Additional research studies, 

with larger sample sizes, longitudinal study designs, and specific measurement of chronic 

stress burden, are needed to further evaluate the hypothesis that exposure to chronic stress 

promotes selective accumulation of VAT.

In addition to this hypothesized relationship between chronic stress and VAT, chronic stress 

may also affect functioning of adipocytes. Previous animal research shows that chronic 

stress may increase secretion of pro-inflammatory cytokines such as TNF-alpha and Il-6[31, 

32]. However, there is no evidence from human studies that the metabolic functioning of 

adipocytes differs under high stress conditions.

To fill these knowledge gaps, the current study aimed to a) investigate the role of 

chronic stress burden on adiposity and adiposity-related inflammation and b) test two 

hypotheses: (1) greater chronic stress burden is associated with higher central adiposity 

with selective accumulation of VAT compared to SAT; and (2) associations between VAT 

and inflammatory biomarkers will be exacerbated when chronic stress burden is high.

METHODS:

Study population

This study was based on participants from Multi Ethnic Study of Atherosclerosis (MESA); 

a longitudinal study of CVD progression and risk factors that has been previously described.

[33] In brief, MESA recruited 6,814 men and women ages 46 to 84 from six US cities 

between 2000–2002. Eligible participants were free of known CVD at baseline and follow­

up for cardiovascular events occurs annually.

During follow-up examinations occurring between July 2002 to January 2004 (exam 2) 

and January 2004 to September 2005 (exam 3), a randomly selected subsample of 2202 

participants were invited to participate in an ancillary study of body composition and 

adiposity-related inflammation. Of those invited, 30 declined participation and 202 were 

excluded because they were pre-menopausal or underwent an abdominal CT scan in the 

prior 6 months, leaving a study sample of 1,970. An additional 10 participants were 

excluded due to incomplete visualization of the visceral cavity [34]. For the current 

analyses, we excluded participants with incomplete data for self-reported chronic stress 

burden (n=24), visceral adipose tissue (N=50), inflammatory biomarkers (n=85), or other 

model covariates (n=2). Hence, the analytic sample is the remaining 1,809 participants, 

representing 92.0% of the initial ancillary study sample.

The MESA and relevant ancillary study were approved by the institutional review board at 

each site. Written informed consent was obtained from all participants.

Measurement

The primary independent variable, chronic stress burden across important life domains, was 

reported at MESA exam 1 by participants via a 5-item version of the Chronic Stress Burden 

Scale [35, 36]. Participants reported if they experienced ongoing stress due to the following 

difficulties in the past year: health problem, health problem with someone close to them, 
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job difficulties, financial strains, and difficulties in a relationship with someone else. For 

each difficulty experienced, participants further reported duration of stress (6+ months vs. 

less) and severity of the situation (not very stressful, moderately stressful, very stressful). 

Domains in which participants reported moderate to severe stress lasting over 6 months 

were summed to create a total stress score (total range 0 to 5, where higher scores indicate 

higher levels of stress). Consistent with prior research conducted with the MESA cohort, 

total chronic stress burden score was categorized as high (2 or more), medium (1), and low 

(0). [37, 38] Additionally, we elected to categorize chronic stress because the distribution of 

the total chronic stress burden score was highly skewed (Figure S1, Supplemental Digital 

Content).

Using standard protocols, visceral and subcutaneous adipose tissue (VAT, SAT) area and 

density measurements were based on images obtained by abdominal computed tomography 

(CT) at either MESA exam 2 (40% of sample) or exam 3 (60% of sample). Each participant 

was measured only once. Two sites used an Imatron C-150 electron-beam scanner, while 

three sites used multi-detector CT scanners. VAT and SAT were defined as fat tissue 

(identified as being between −190 and −30 Hounsfield units) within the visceral and 

subcutaneous tissue depots, respectively. Area for both depots (in cm2) was calculated by 

averaging fat area across 6 transverse slices. Image evaluators were blinded from other 

clinical data when interpreting the scan images.[16] The median time between exam 1 and 

CT scan was 3 years (range 1.1 to 4.8).

Fasting morning venous blood samples were taken at the same visit as the CT scan (exam 

2 or 3). Participants were instructed to avoid strenuous activity and smoking for 12 hours 

prior to the blood draw. Samples were centrifuged, shipped overnight to the MESA central 

laboratory at the University of Vermont (Burlington, VT), and stored at −80 °C. From 

these, we evaluated six markers of inflammation: C-reactive protein (CRP), interleukin-6 

(IL-6), tumor necrosis factor (TNF-alpha), resistin, leptin, and adiponectin. Specific methods 

and commercial assays used to measure levels of each inflammatory marker have been 

previously described. [39, 40] Inter-assay coefficient of variation (CV) for CRP was 3.6%, 

and for other adipokines the CV ranged between 6.0% and 13.0%. [41–43]

Demographic variables included age, sex, race/ethnicity and educational attainment; all of 

which were participant-reported at exam 1. Educational attainment was collapsed into three 

categories (high school or less, some college / technical school / association, bachelor’s 

degree or greater). Depressive symptoms were collected at exam 1 using the 20-item 

Center for Epidemiologic Studies Depression Scale (CES-D).[44] The range of possible 

scores was 0 to 42, with higher scores indicating more depressive symptoms. Self-reported 

lifestyle factors included smoking, physical activity (moderate to vigorous physical activity 

in Met-min per week) and sedentary behavior (Met-min per week) were collected at the 

same visit as the CT scan (exam 2 or 3). Data collected on smoking included self-reported 

smoking status (never, former, current), and pack-years of cigarette smoking for former 

and current smokers. Physical activity and sedentary behavior were self-reported using the 

MESA Typical Physical Activity Survey, which was a 28-item questionnaire of participation 

in specific activities during a typical week. The survey was adapted from the Cross­

Cultural Activity Participation Study.[45] Participants reported frequency and duration spent 
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engaging in select physical (household chores, dancing, sport activities, conditioning, etc.) 

and sedentary (TV, watching, knitting, recreational computer, etc.) activities. Responses 

were summed to compute minutes per week spent in moderate to vigorous physical activity 

and sedentary behavior.

Statistical Analysis

Data analysis was performed in SAS 9.4 (Cary, North Carolina). The distributions of all 

study variables were examined and all inflammatory biomarkers were log transformed to 

meet assumptions of normality because these are dependent variables in the subsequently 

described regression models [46]. The analytic dataset was described according to levels of 

chronic stress (high vs. med. vs. low) and by quartiles of VAT using descriptive statistics 

(mean ± SD, median (min, max) percentages, etc.). Group differences were assessed with 

chi-square (categorical data), independent samples t-tests (normally distributed continuous 

data), and Wilcoxon rank sum tests (skewed continuous data). For all analyses, statistical 

significance was determined if the two-sided p-value was less than 0.05.

First, we used sequentially adjusted linear regression models to assess associations between 

levels of chronic stress burden and VAT area (sq cm), SAT area (sq cm) and VAT/SAT 

ratio. Chronic stress burden was considered a 3-level categorical variable (reference level 

= low stress). Model 1 adjusted for age, sex, race/ethnicity, educational attainment, and 

height. In model 2, we added smoking status (current, former, never) and pack-years 

cigarette smoking to the covariates included in model 1. In model 3, we further added 

lifestyle variables including physical activity and sedentary behavior, as well as depressive 

symptoms. Covariates were added to models 2 and 3 separately due to concerns that they 

might be in the pathway from chronic stress to adipose tissue deposition. All models 

including adipose tissue variables adjust for participant height (in meters), which was 

measured at the same clinic visit. In post hoc analyses, we added a fourth model which 

additionally adjusted for body mass index (kg/m2) rather than participant height. Also in 

post hoc analyses, we assessed whether there was an interaction between race/ethnicity 

and chronic stress burden for the three outcomes: VAT area, SAT area and VAT/SAT. The 

data supported no evidence of an interaction (p=0.61, p=0.34, p=0.22, respectively) so 

analyses were not stratified by race/ethnicity. Additionally, we found no evidence to suggest 

that these associations varied by time (in years) between the baseline exam and exam 2/3 

(p=0.53, p = 0.3, p=0.12), or by sex (p=0.26, p=0.38, p = 0.69)

Secondly, we evaluated the associations between chronic stress burden level and each 

inflammatory biomarker using generalized linear models. In post hoc analyses, we found 

evidence to suggest that the associations varied by time (in years) between baseline exam 

and exam2/3. Thus, we present associations for the full sample, and stratified by which exam 

(2 or 3) the inflammatory biomarkers were collected at.

Lastly, we evaluated whether chronic stress burden level was a modifier of the associations 

between VAT and inflammatory biomarkers. For these analyses, we considered VAT area 

as a categorical variable (quartile split) to assess the possibility of nonlinear associations. 

We used six linear regression models where the dependent variables were inflammatory 

biomarkers and the main independent variable was VAT quartile. We then used an 
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interaction term (VAT area * chronic stress) to evaluate effect modification. Models were 

fully adjusted for age, sex, race/ethnicity, educational attainment, height, current smoking 

status and pack years, physical activity, and sedentary behavior. We created box plots using 

R Studio (V 1.2.5033) to visualize the relationships between VAT area and each biomarker 

stratified by level of chronic stress burden.

RESULTS:

Participants in the analytic sample were approximately 65 years of age, 50% female, and 

40.5% White, 25.6% Hispanic, 21.2% African American, and 12.8% Chinese American. 

About half of the sample reported little to no chronic stress burden (i.e. score of zero), 

while about a quarter and a fifth of the sample reported medium and high levels of stress, 

respectively. When categorized into the aforementioned three levels, participants reporting 

the highest levels of chronic stress burden were younger and more likely to be female. 

About 29% of African American participants reported the highest levels of chronic stress 

burden, followed by 25% of White participants, 19% of Hispanic participants, and 14% of 

Chinese American participants. Also, participants with high chronic stress burden had higher 

educational attainment and slightly higher levels of sedentary behavior. Average income 

level, smoking status, and physical activity did not vary significantly by level of chronic 

stress burden in univariable analyses (Table 1).

In univariable analyses, participants with more VAT were, on average, older, more likely to 

be male, more likely to be White, more likely to have high school or less education, more 

likely to be ever smokers and to have smoked more pack years and to spend more min/week 

in sedentary behavior (Table 2).

In sequentially adjusted regression models, greater levels of chronic stress burden was 

positively associated with more VAT and SAT. In the model adjusted for age, sex, race/

ethnicity, educational attainment, and height (model 1), medium and high levels of chronic 

stress burden were associated with 3.2 (se=3.6) and 9.4 (se=3.9) cm2 higher VAT, compared 

to the low stress group. Similarly, medium and high levels of chronic stress burden were 

associated with 3.6 (se = 6.5) and 14.7 (se = 6.9) cm2 higher SAT. The test for trend was 

statistically significant for both depots (p<0.05). Further adjustment for smoking (model 2) 

and activity (model 3) slightly attenuated effect estimates from model 1. All effect estimates 

were attenuated towards the null after including body mass index in the model. Lastly, the 

mean VAT/SAT ratio was 0.61, and our data show no evidence of a meaningful association 

between chronic stress burden level and VAT/SAT ratio (Table 3).

After adjusting for age, sex, race/ethnicity, educational attainment, height, smoking status, 

pack years smoked, physical activity, and sedentary behavior, greater levels of VAT were 

significantly associated with reduced levels of adiponectin and increased levels of Il-6, 

leptin, resistin, TNF-a, and CRP (Table 4). For each outcome, there was a clear graded 

relationship between VAT area and level of the inflammatory variable (Table 4).

We found no statistically significant associations between level of chronic stress burden and 

the inflammatory biomarkers. As the level of chronic stress increased, lnLeptin increased 
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slightly [med vs low: B = 0.06 (se = 0.05), high vs low: B = 0.12 (se = 0.06)], though 

these estimates were not statistically significant. The magnitude of associations between 

chronic stress burden and other inflammatory biomarkers were all close to zero, indicating 

null findings (Table 5). In post hoc analyses, we found evidence that associations between 

chronic stress and inflammatory markers may vary by follow-up time. As such, we present 

stratified analyses in Table 5. Similarly, we found evidence to suggest that these associations 

may vary by participant sex and thus present stratified analyses for all outcomes.

Finally, we tested whether associations between VAT and inflammatory biomarkers varied 

by levels of stress. We found no evidence of significant interactions. The p-values for 

interaction were all non-significant: adiponectin (p interact = 0.84), leptin (p interact = 

0.35), resistin (p interact = 0.88), CRP (p interact = 0.96), TNF-a (p interact = 0.37), IL-6 

(p interact = 0.27). Regardless of whether visceral fat was considered as a categorical or 

continuous variable, p-values for interaction remained statistically non-significant (Figure 

1).

DISCUSSION

This study examined two hypotheses concerning the relationship between chronic stress 

burden across important life domains and adiposity-related inflammation among US adults 

ages 46 to 84 years. We first tested the hypothesis that chronic stress burden is associated 

with increased adipose tissue and, specifically, increased VAT. In adjusted models, we found 

significant graded relationships between higher levels of chronic stress burden and greater 

quantity levels of both VAT and SAT. The effect magnitudes were slightly higher for SAT 

compared to VAT.

Conversely, the ratio of VAT/SAT was not meaningfully different by levels of chronic 

stress burden. Thus, we did not find evidence to support the hypothesis that high levels of 

chronic stress directly relate to specific accumulation of VAT, versus SAT. Instead, chronic 

stress burden related to increased fat accumulation in both depots. This is inconsistent 

with previous research demonstrating that elevated cortisol levels, which may result from 

psychological stress, lead to an exacerbation of the accumulation of intra-abdominal visceral 

fat, more so than fat in other depots.[22, 24] However, in our study, we used a self-reported 

measure of chronic stress burden, which may not correlate well with circulating cortisol 

levels. Previous studies that assess correlation between hair cortisol concentration and 

self-reported measures of chronic stress report weak correlations [47, 48]. In a substudy 

of MESA participants with measured stress hormones, chronic stress burden score was not 

associated with urinary stress hormone levels [10].

Also, high scores on the chronic stress burden scale may not reflect chronic activation of the 

HPA axis and there is likely individual variability in HPA axis functioning that may have 

influenced our findings. Additionally, constrained variability in the self-reported chronic 

stress score may have made it more difficult to detect small effect sizes. Disentangling the 

mechanisms in which chronic stress burden may contribute to increased total adiposity and 

depot-specific adiposity is an area for further research. This disentangling will require future 

studies to replicate analyses using different constructs of psychosocial stress. Although our 

Delker et al. Page 7

Psychosom Med. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



findings may appear inconsistent with previous findings from the SWAN study suggesting 

specific effects of stress on visceral, but not subcutaneous fat, we note that the constructs 

used to measure psychosocial stress are different and study findings are not directly 

comparable.[27, 29] It is plausible that variables like discrimination[27] and hostility[29] 

effect adiposity through different mechanisms than the construct of chronic stress burden 

used in this study – which is a score of accumulated stressful life events. We recommend 

future studies replicate this work with more varied measurements of psychosocial stress.

The second hypothesis tested was that chronic stress burden modifies the relationship 

between VAT and inflammatory biomarkers. Greater levels of VAT were associated, in a 

graded pattern, with increases in all inflammatory biomarkers except adiponectin, which 

was inversely associated with VAT. In our examination of effect modification, we saw no 

meaningful differences in the VAT-inflammation relationship by chronic stress burden scale 

score..

We consider several limitations of this study. First, we only used one measure of chronic 

stress and it was self-reported. Chronic stress burden was collected at exam 1 and the 

measures of VAT and SAT, as well as the inflammatory biomarkers, were ascertained at 

exams 2 or 3, between two to four years later. Future studies can improve upon this work 

by analyzing relationships between time-varying exposure of chronic stress, adiposity, and 

inflammation. Second, the associations between VAT/SAT and inflammatory biomarkers 

were cross-sectional, so temporality cannot be established. Lastly, unmeasured and residual 

confounding are potential limitations in observational research.

Our study is strengthened by the inclusion of a diverse multi-ethnic cohort and CT 

measurement of depot-specific fat accumulation. Additionally, we were able to test two 

hypotheses regarding the relationship between chronic psychosocial stress on adiposity.

In summary, the evidence presented here support previous research suggesting chronic stress 

is associated with greater central adiposity (i.e. VAT) but not differentially. That is, chronic 

stress was associated with higher VAT and SAT. Lastly, we found no evidence to suggest that 

the associations between VAT and inflammatory biomarkers were exacerbated by chronic 

stress. In testing these two hypotheses, this work informs the ongoing literature investigating 

the complex pathways in which chronic psychosocial stress is a risk factor for CVD due to 

its potential effect on VAT and adiposity-related inflammation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ACRONYMS USED IN TEXT

VAT visceral adipose tissue

SAT subcutaneous adipose tissue

MESA Multi-Ethnic Study of Atherosclerosis

HPA hypothalamic-pituitary adrenal

TNF-a tumor necrosis factor alpha

IL-6 interleukin-6

CRP C-reactive protein

CVD cardiovascular disease

CT computed tomography

SD standard deviation
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Figure 1. 
Associations Between Visceral Fat Quartile and Inflammatory Biomarkers Stratified by 
Level of Chronic Stress, Multi-Ethnic Study of Atherosclerosis: Ancillary Study of Body 

Composition and Adiposity-Related Inflammation (Exam 2/3), United States
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