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Abstract

Objective: Altered hormonal regulation, including cortisol, is a proposed mechanism linking 

adiposity to obesity-related disorders. We examined the association of anthropometric, adipokine, 

and body fat distribution measures of adiposity with morning serum cortisol in an African 

American (AA) cohort.

Methods: We investigated the cross-sectional associations of adiposity measures (BMI, waist 

circumference, leptin, adiponectin, leptin:adiponectin ratio, subcutaneous and visceral adipose 

tissue) and liver attenuation with cortisol in the Jackson Heart Study. Linear regression models 

were used to analyze the association between exposures and cortisol. Models were adjusted for 

multiple covariates.

Results: Among 4,211 participants, a 1-SD higher BMI and waist circumference were associated 

with a 3.92% and 3.05% lower cortisol, respectively. A 1-SD higher leptin and leptin:adiponectin 

ratio were associated with a 6.48% and 4.97% lower morning serum cortisol, respectively. A 1-SD 

higher subcutaneous adipose tissue was associated with a 4.97% lower cortisol (all P < 0.001). 

There were no associations of liver attenuation or visceral adipose tissue with cortisol.

Conclusions: Several measures of adiposity are associated with lower morning serum cortisol 

among AAs, with leptin having the greatest magnitude. Future studies examining the role of 
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morning serum cortisol in the pathway from adiposity to cardiometabolic disease in AAs are 

warranted.

Introduction

Obesity impacts nearly 1 in 2 African American (AA) adults in the United States (1). 

Visceral adipose tissue (VAT), which surrounds the internal organs and which is hormonally 

active, is associated with an increased risk of coronary artery disease (2). Generally 

considered more benign, subcutaneous adipose tissue (SAT) is located directly beneath 

the skin in the abdomen, limbs, and gluteal region. AA adults have less VAT and more 

SAT compared with non-Hispanic White individuals and other racial/ethnic groups (3,4). 

However, despite having a lower burden of VAT, AAs have a significantly higher prevalence 

of cardiovascular disease than non-Hispanic White adults (5). This discrepancy suggests 

that adiposity may drive cardiometabolic disease through factors independent of visceral 

adiposity in AAs. Thus, there is a need to explore novel risk factors that are influenced 

by adiposity and are known to increase cardiovascular disease risk. One such risk factor 

is cortisol, whose excess and dysregulation with respect to normal circadian patterns are 

associated with cardiometabolic disease and mortality (6,7).

Perturbations of the hypothalamic-pituitary-adrenal (HPA) axis and cortisol have been 

cross-sectionally associated with obesity (BMI > 30 kg/m2) and obesity-related conditions 

including insulin resistance, type 2 diabetes, metabolic syndrome, and cardiovascular 

disease (8,9). A meta-analysis of smaller studies reported mixed associations between 

adiposity and morning serum/plasma cortisol; however, larger studies have found significant 

negative associations between anthropometric (body mass index [BMI], waist: hip ratio, 

and waist circumference [WC]) measures of adiposity and morning serum/plasma cortisol 

in Caucasian individuals (10–12). Higher BMI and greater WC are consistently associated 

with lower salivary wake-up cortisol and cortisol awakening responses (13,14). Additionally, 

a U-shaped relationship between BMI and morning serum cortisol has been identified 

(15). With the exception of one study (13), these associations have been investigated in 

predominantly non-Hispanic White and European individuals. Among community-dwelling 

individuals, longitudinal studies have indicated that changes in BMI drive perturbation of 

the HPA axis and cortisol production (16,17). These studies suggest that temporality favors 

changes in adiposity preceding alterations in systemic cortisol production.

Proteins produced and released by adipocytes are known as adipokines. Leptin is considered 

the primary peripheral protein involved in appetite regulation and it exerts its effects 

largely through the hypothalamus (18). Circulating levels of leptin have a strong positive 

correlation with overall fat mass, as leptin is secreted primarily by SAT (19). Previous 

studies investigating the relationship between leptin and cortisol have revealed mixed 

findings (10,20). Adiponectin, the most abundant adipokine in circulation, increases insulin 

sensitivity, reduces inflammatory cytokines, and is cardioprotective (21). It is exclusively 

produced by adipocytes and it decreases as adipocytes expand; thus it is inversely correlated 

with BMI, body fat percentage, WC, VAT, and SAT (22,23). Among Caucasians, adiponectin 

is associated with higher morning serum cortisol (24). Previous studies have been limited to 

anthropometric assessments of adiposity and thus they lacked the ability to examine more 
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specific measures of adiposity, including adipokines and body fat distribution in association 

with cortisol in large populations. These studies have also suffered from a lack of racial/

ethnic diversity or power to perform race stratified/specific analyses.

The Jackson Heart Study, a large prospective cohort study of AA adults, collected data 

on anthropometric as well as biomarker and depot-specific measures of adiposity. Given 

that significant racial/ ethnic differences exist in adipose tissue distribution (3,4), we 

examined the association between measures of adiposity and morning serum cortisol in 

AAs in the Jackson Heart Study. We hypothesized that anthropometric (WC and BMI), 

adipokine (leptin and leptin:adiponectin ratio), and body fat distribution (VAT, SAT, and 

liver attenuation) measures of adiposity would be negatively associated, while adiponectin 

would be positively associated with morning serum cortisol.

Methods

Study population

The Jackson Heart Study is a prospective cohort study of 5,306 AA adults, aged 21 to 94, 

from the tricounty area of metropolitan Jackson, Mississippi. The initial examination of 

participants was performed between 2000 and 2004, with 2 follow-ups then taking place 

between 2005 and 2008 and between 2009 and 2013. The design of the Jackson Heart 

Study has been described elsewhere (25). The study was approved by the institutional 

review boards of the University of Mississippi Medical Center, Jackson State University, and 

Tougaloo College. All participants provided informed consent. Participants were excluded 

if they had missing data on exposures (morning serum cortisol [n = 113]), outcomes 

(adiponectin [n = 91], leptin [n = 21], WC [n = 6], or BMI [n = 1 exam 1]) or important 

covariates at the initial exam (education [n = 23], systolic blood pressure [n = 15], smoking 

[n = 38], diabetes status [n = 4], or beta-blockers [n = 381]) or if cortisol measuring time 

was either missing or after 12 pm ([n = 402]) (Figure 1). In total, 1,095 participants were 

excluded, and the final analytical sample consisted of 4,211 participants. There were no 

statistically significant differences in either exposures or outcomes between included and 

excluded individuals. There were some statistically significant differences in confounders 

including age, sex, education, physical activity, systolic and diastolic blood pressures, 

and hormoe replacement therapy (HRT) medication use. However, the majority of these 

differences were small in magnitude and unlikely to be biologically significant. Further 

information regarding included versus excluded participants is reported in Supporting 

Information Table S1.

Assessment of adiposity measures

WC was measured at the level of the umbilicus in centimeters, and BMI was calculated 

as weight in kilograms divided by height in meters squared. VAT and SAT volume as 

well as liver attenuation was measured via multidetector computed tomography (CT). The 

protocol for CT assessment of adiposity in the Jackson Heart Study has been previously 

described (26). Briefly, a 16-channel multidetector CT system equipped with cardiac gating 

(Lightspeed 16 Pro, GE Healthcare) was utilized to scan the heart and lower abdomen. 

Given that CT measures were collected at exam 2, we tested for change in adiposity between 
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exam 1 and 2 (median 4 years). To determine the variance of adiposity levels in the time 

between exam 1 and 2, the intraclass correlation coefficients (ICC) were analyzed for 

BMI and WC. The ICC for BMI and WC was 0.90 and 0.83, respectively. The intraclass 

correlations were greater than 80%, suggesting adiposity was consistent between visits. 

Thus, CT measures were included in cross-sectional analyses.

Assessment of adipokines

Leptin and adiponectin were assessed using venous blood, which was collected after a 

minimum of 8 hours of fasting and 20 minutes in the supine position. Blood samples 

were processed using a standardized protocol and were stored at −80°C before serum 

adiponectin and leptin were measured (25). Total adiponectin concentration was measured 

using an enzyme-linked immunosorbent assay (ELISA) system (R&D Systems). The 

interassay coefficient of variation was 8.8%. Leptin was measured with a human lptin 

radioimmunoassay (RIA) kit (LINCO Research). The coefficient of variation was 10%. The 

leptin:adiponectin ratio was calculated via the division of leptin by adiponectin.

Assessment of morning serum cortisol

Normal diurnal cortisol regulation follows a circadian pattern in which levels are typically 

high upon waking, rise during the first 30 to 40 minutes post awakening, and then decline 

across the day, reaching a nadir in the late evening around 11 pm to midnight (27). In the 

Jackson Heart Study, fasting serum cortisol was collected in the morning between 8 am and 

12 pm. Serum cortisol levels were measured by chemiluminescent immunoassay performed 

on an immunoassay system (ADVIA Centaur, Siemens). Intra-assay coefficients of variation 

were 9.1% and 7.7% for high and low cortisol concentrations, respectively.

Assessment of covariates

Information regarding covariates was obtained at the baseline exam. Data were collected 

during visits to the clinic or at home using questionnaires designed to assess occupation 

(management/professional versus not), educational attainment (less than high school versus 

high school diploma/GED equivalent), smoking status (current smoking versus not), medical 

conditions, and medication use (beta-blocker/HRT). Systolic blood pressure was taken while 

seated and was measured twice in 5-minute intervals. The average of the 2 measurements 

was used for the analysis. Physical activity was categorized according to the AHA 2020 

Cardiovascular Health Impact Goals as poor, intermediate, or ideal, as described previously 

(28).

Statistical analyses

Baseline characteristics of participants were presented and compared across tertiles of BMI 

using analysis of variance (ANOVA) for parametric continuous variables, the Kruskal-Wallis 

test for nonparametric continuous variables, and the chi-square test for categorical variables. 

Because of skewed distributions, cortisol, adiponectin, leptin, leptin:adiponectin ratio, SAT, 

VAT, and liver attenuation measures were log-transformed prior to the analysis. We used 

multivariable linear regression models to assess the association between anthropometric 

(BMI and WC), CT (VAT, SAT, and liver attenuation) and biomarker (adiponectin, leptin, 

Kluwe et al. Page 4

Obesity (Silver Spring). Author manuscript; available in PMC 2022 April 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and leptin:adiponectin ratio) measures of adiposity after testing for a nonlinear association 

between measures of adiposity and log-morning serum cortisol (Supporting Information 

Figure S1). Relative magnitudes of associations between exposures and morning serum 

cortisol were assessed by standardizing each exposure variable. Various demographic, 

socioeconomic, and biological factors that have previously been shown to be associated 

with the exposure, outcome, or both were controlled for in the model. Both age and male 

sex are consistently associated with higher total daily cortisol output (29). Higher levels 

of education are associated with greater wake-up cortisol levels, and higher total daily 

output across the day among AAs (30). Higher socioeconomic status, a proxy for both 

greater occupational and educational attainment, is associated with a lower wake-up cortisol 

(31). Individuals who actively smoke have higher total cortisol output throughout the day 

(32). Systolic blood pressure is well known to increase with adiposity and it may be a 

proxy for increased sympathetic nervous system activity (33). Beta-blocker medications 

have significant interactions with the HPA axis. Estrogen monotherapy increases circulating 

plasma cortisol while an estrogen and progestin combination shows a trend toward 

increasing cortisol (34). Furthermore, HRT influences body composition in postmenopausal 

women (35). Finally, because of the circadian nature of cortisol output, we controlled for 

time of cortisol collection. Effect modification was tested by age and sex by inserting 

multiplicative interaction terms in the models and using the likelihood ratio test. Statistical 

significance was defined as 2-sided alpha < 0.05 in the main analysis and < 0.10 for 

interactions. Analyses were performed using SAS 9.4 (SAS Institute Inc.).

Results

Among 4,211 participants, the majority were female (64%), had a level of education 

equivalent to or greater than a high school diploma (81%), were nonsmokers (87%), and 

did not have diabetes (79%). The average participant was 54.9 years old (SD 12.7) and had 

BMI of 31.7 kg/m2 (SD 7.2) and WC of 100.6 cm (SD 16.2). Participants in higher tertiles 

of BMI were significantly less likely to smoke, and they had lower levels of morning serum 

cortisol, greater prevalence of diabetes, and higher systolic blood pressure. Individuals in 

higher categories of BMI had lower adiponectin and liver attenuation as well as higher 

leptin, SAT, and VAT (Table 1).

Examining the continuous relationships between adiposity measures and cortisol (Table 2), 

a 1% higher adiponectin was found to be associated with a 0.034% higher morning serum 

cortisol. A 1% higher leptin and leptin:adiponectin ratio were associated with a 0.07% 

and 0.045% lower cortisol, respectively, in the fully adjusted models (both P < 0.001). 

A 1-kg/m2 higher BMI and 1-cm higher WC were associated with 0.6% and 0.2% lower 

cortisol, respectively (both P < 0.001). A 1% higher SAT was associated with a 0.1% 

lower morning serum cortisol in the fully adjusted model (P < 0.001). No associations were 

observed between visceral adipose tissue and liver attenuation with baseline cortisol.

A 1-SD unit increase in leptin was associated with a 6.48% (β = −0.067, 95% CI: −0.084, 

−0.05, P < 0.001) lower morning serum cortisol and a 1-SD higher adiponectin was 

associated with a 2.33% (β = 0.023, 95% CI: 0.01, 0.036, P < 0.001) higher morning serum 

cortisol. A 1-SD unit increase in both leptin:adiponectin ratio and SAT was associated with 
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a 4.97% (leptin:adiponectin ratio [β = −0.051, 95% CI −0.065, −0.038, P < 0.001] and SAT 

[β = −0.051, 95% CI, −0.07, −0.032, P < 0.001]) lower morning serum cortisol. A 1-SD 

higher WC and BMI were associated with a 3.05% (β = −0.031, 95% CI: −0.043, −0.018) 

and 3.92% (β = −0.04, 95% CI: −0.052, −0.027) lower morning serum cortisol, respectively 

(both P < 0.001, Table 3, Figure 2).

In the categorical analysis (Table 4), adiponectin in the 4th quartile was associated with 

a 5.7% higher cortisol than the 1st quartile with no evidence for a graded association. 

Leptin in the 2nd, 3rd, and 4th quartiles was associated with 7.6%, 11.6%, and 15.5% 

lower cortisol, respectively, compared with the 1st quartile. Increasing quartiles of 

leptin:adiponectin ratio and WC were also associated with lower morning serum cortisol. 

Compared with normal BMI, overweight and obesity BMI was associated with 7.7% and 

13.2% lower cortisol, respectively. SAT in the 3rd and 4th quartiles was associated with a 

10.1% and 10.0% lower cortisol, respectively (all P < 0.05). No significant associations were 

identified in the fully adjusted models assessing the association of VAT and liver attenuation 

with cortisol.

No consistent effect modification was identified by age or sex. Additionally, there was 

no evidence of a U-shaped association between measures of adiposity and morning serum 

cortisol (Supporting Information Figure S1).

Discussion

In a large sample of AAs, we examined the association of adiposity measures, including 

anthropometric, adipokine, and body fat distribution measures, with morning serum cortisol. 

In this study, leptin, leptin:adiponectin ratio, BMI, WC, and SAT were negatively associated 

with morning serum cortisol, while adiponectin was positively associated. Leptin had the 

greatest magnitude of relative association with morning serum cortisol in standardized 

analyses.

Anthropometric measures

Previous studies have investigated the cross-sectional relationship between anthropometric 

adiposity measures and cortisol; however, to our knowledge this is the first to examine 

these associations in a large cohort of AAs and, more generally, with objective measures 

of adiposity including adipokines and CT measures of body fat distribution. Concordant 

with our study, BMI, WC, and hip circumference had significant negative correlations 

with morning serum cortisol among middle-aged Scandinavian men (10) and middle-aged 

White men (36). While there was no evidence of effect modification by sex in the Jackson 

Heart Study, differences in the association between adiposity and cortisol have previously 

been identified between men and women in other populations. In a larger Scandinavian 

cohort, fasting cortisol was negatively correlated with measures of central adiposity in 

women, but not in men (12). Similarly, body weight and mean 24-hour plasma cortisol were 

inversely correlated among women; however, the 2 were invariant in men (37). The lack 

of sex-specific differences may be related to the high degree of generalized and abdominal 

obesity in the Jackson Heart Study compared with other previous studies and the detailed 

phenotypic biological and imaging characterizations used in this study.
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Some prior studies are discordant with those aforementioned, having identified nonlinear 

relationships between obesity and morning serum cortisol among White individuals. A 

U-shaped association between BMI and morning serum cortisol was identified, with cortisol 

reaching a nadir at a BMI of 32 among White women (15). However, another study 

identified a linear association of BMI with cortisol (14). In the current study, there was no 

evidence of a U-shaped association between either BMI or WC and morning serum cortisol. 

This may be due to the distribution of BMI in the Jackson Heart Study, with only 14% of 

the participants having BMI < 25 and a mean BMI of 22.7 among those participants. One 

potential hypothesis that may explain the previously identified U-shaped association is that 

the state of being “underweight” may drive HPA axis activation and cortisol output. In the 

current sample, very few participants had BMI < 18, which may have hindered our ability to 

detect a significant signal.

Studies examining the association between adiposity and free salivary cortisol show similar 

results to those assessing plasma and serum cortisol. In the Whitehall II cohort, a linear 

trend between increasing categories of BMI (underweight, normal, overweight, and obese) 

and lower wake-up cortisol as well as blunted cortisol awakening responses were reported. 

These associations were mirrored with WC as the exposure (14). While the majority of 

investigations examining these associations utilized Caucasian participants, an analysis in 

the Multi-Ethnic Study of Atherosclerosis reported similar findings but was limited in power 

for racial/ethnic stratifications (13).

The hypothesized temporality of the associations between BMI and WC with altered 

HPA axis function is that adiposity precedes perturbations of the glucocorticoid-regulating 

system. This hypothesis is based on work from the Multi-Ethnic Study of Atherosclerosis, 

where investigators found that a 1% higher annual change in BMI was associated with 

a 2.9% lower wake-up and 3.1% lower 16-hour area under the curve salivary cortisol 

over a 7-year period (16), Similar associations were reported with WC as the exposure. 

These findings are corroborated by the Massachusetts Male Aging Study (17). Although the 

current study is cross-sectional, it is consistent with these previous findings as we found 

negative cross-sectional associations between continuous measures of both BMI and WC 

with morning serum cortisol.

Body fat distribution

The specific site of adipose tissue deposition has also been examined as a potential 

modulating factor of morning cortisol levels. In a comparison of women with abdominal 

versus peripheral obesity, those with abdominal body fat distribution had significantly lower 

wake-up cortisol and cortisol awakening responses than those with peripheral body fat 

distribution (38). This study, however, used less sophisticated measures of adipose tissue 

distribution than those used in the Jackson Heart Study. In the current study, SAT was 

associated with significantly lower morning serum cortisol while VAT and liver attenuation 

were unrelated to morning cortisol. Previously, a U-shaped relationship between VAT and 

morning serum cortisol was identified in women (15). Testing for a nonlinear association 

between both visceral and liver attenuation in the Jackson Heart Study revealed no 

significant findings (Supporting Information Figures S1C–S1D). VAT and liver attenuation 
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may be associated to a greater degree with local cortisol production, regulated by 11β-

hydroxysteroid dehydrogenase type 1 (11β-HSD1), which may not be reflected in changes 

to circulating levels.

Although VAT is generally considered a greater component for cardiovascular disease 

risk because of its proinflammatory effects, SAT is also cross-sectionally associated with 

cardiometabolic risk factors (26). Given that AAs have the highest rates of obesity in the 

US, the absolute magnitude of SAT may play a larger role in cardiovascular disease burden 

than the relative ratio of VAT to SAT. SAT upregulates TNF-α indirectly through leptin 

production, which contributes to systemic inflammation (39). In addition to the relationship 

with systemic inflammation, the current analysis suggests that SAT and leptin are associated 

with HPA axis dysfunction, which may ultimately manifest itself in cardiometabolic disease 

(Figure 3). Lower levels of cortisol in the morning are generally considered indicative of 

HPA axisdysfunction. Further research is needed to explore cortisol as a potential mediator 

of the relationship between SAT-driven adiposity with cardiometabolic disease among AAs.

Adipokines

To our knowledge, this is the first study to examine the association between leptin and 

cortisol in a large AA cohort. Leptin and cortisol share an inverse circadian rhythm, which is 

suggestive of potential counter-regulation (20). In support of this hypothesis, leptin is able to 

directly suppress the activity of the HPA axis at the hypothalamus by blunting corticotropin 

releasing hormone (CRH) in response to hypoglycemic stress (40). Additionally, incubation 

of adrenocortical cells with leptin inhibits both basal and adrenocorticotropin hormone 

(ACTH) stimulated cortisol release, further linking leptin to attenuated systemic cortisol 

production (41). Two previous investigations have examined the relationship between 

leptin as the exposure and cortisol as the outcome. First, among 11 healthy, young men 

the influence of sleep duration on 24-hour measures of leptin and cortisol showed an 

inverse relationship throughout daytime hours (20). In the other, leptin did not significantly 

correlate with cortisol among middle-aged Scandinavian men (10). In the current study, the 

negative association between leptin and morning serum cortisol may explain the relationship 

observed with SAT as the exposure. SAT was negatively associated with morning serum 

cortisol in the continuous model. Given the ability of leptin to suppress the activation of the 

HPA axis at the hypothalamus and cortisol production at the adrenal gland, the association 

may be explained through this shared molecular physiology.

Adiponectin, the most abundant adipokine in circulation, increases insulin sensitivity, is 

an anti-inflammatory protein, and is protective against cardiovascular disease (21). It is 

exclusively produced by adipocytes and decreases as adipocytes expand; thus it is inversely 

correlated with BMI, body fat percentage, WC, VAT, and SAT (22,23). Within a small 

study of Caucasian men and women, those with adiponectin levels in the 4th quartile 

had significantly higher morning serum cortisol levels than those in lower quartiles of 

adiponectin, which is consistent with our study (24).

To our knowledge, this is also the first investigation to examine the association between 

the leptin:adiponectin ratio and cortisol. The leptin:adiponectin ratio may be a potential 

surrogate measure estimating adipose tissue dysfunction (42). Increasing fat cell size is 
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associated with lower adiponectin expression (43). Furthermore, leptin is also primarily 

expressed by SAT (19). This suggests that the leptin:adiponectin ratio may have more 

specificity for SAT dysfunction. Interestingly, the standardized leptin:adiponectin ratio and 

SAT had the same relative magnitude of effect on morning serum cortisol. The degree 

of HPA axis suppression in the morning may thus be a function of the magnitude of 

subcutaneous adipocyte dysfunction.

Adiposity, cortisol, and cardiovascular disease

Contextualizing these findings shows that multiple measures of adiposity are associated with 

a lower morning serum cortisol. Many studies have shown an inverse relationship between 

morning cortisol and subclinical or clinical cardiovascular disease. Smaller studies have 

shown that lower morning plasma cortisol trended toward being associated with required 

intervention following angiography (P = 0.07) and predicted those with more symptoms 

of angina (P = 0.01) (44). The relationship between morning serum cortisol and the 

dynamic nature of the diurnal cortisol curve has, to our knowledge, not been elucidated. 

However, lower morning serum cortisol may be indicative of a flatter, less dynamic diurnal 

cortisol curve. A recent meta-analysis and systematic review found that obesity has a 

significant relationship with flatter diurnal cortisol curves. Flatter diurnal cortisol curves 

have been associated cross-sectionally with coronary artery calcium and longitudinally with 

cardiovascular disease mortality (45). Thus, investigations of cortisol in the pathophysiology 

linking obesity with cardiovascular disease are paramount.

Our study has several strengths. First, our study uses data from the Jackson Heart Study, 

which has a large sample of AAs, a population that had limited data on the relationship 

between HPA axis dysfunction and measures of adiposity. Next, we were able to assess 

tissue-specific depots of adiposity via CT scans of VAT, SAT, and liver attenuation. 

Furthermore, we were able to assess adipokines’ levels of importance among study 

participants, thus giving greater insight into the role of adiposity on potential biochemical 

links to the HPA axis. However, this investigation should be interpreted in light of some 

limitations. First, given the cross-sectional nature of the study, the temporality between the 

associations cannot be determined. Second, we were limited by a single measure of morning 

serum cortisol and were thus unable to assess the diurnal cortisol profile and its relation 

to the exposure. Finally, the Jackson Heart Study is a single-site study, which precludes 

the results from being generalizable to AAs throughout the United States. Even though 

the strength of this study is to allow a greater understanding of adiposity and cortisol in 

AAs, our work lays the foundation for future studies to explore the potential differences 

between AAs and other racial groups in adiposity, hormonal and adipokine dysregulation, 

and cardiovascular disease.

Conclusion

In conclusion, this is the first study to examine the association between anthropometric, 

adipokine, and body fat distribution measures with morning serum cortisol in a large group 

of AAs. Leptin, leptin:adiponectin ratio, BMI, WC, and SAT were negatively associated 

with morning serum cortisol, while adiponectin had a positive association with cortisol. The 
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strongest relative association was found between leptin and cortisol. AAs have the highest 

rates of obesity in the US based on BMI, and they preferentially store adipose tissue in SAT. 

Leptin is primarily produced from SAT and is able to suppress HPA axis activity, leading 

to potential long-term dysfunction of the system. Further studies are needed to identify the 

biological mediators of the association between adiposity and cortisol as well as examine the 

pathophysiology of cortisol in the relationship between adiposity and cardiovascular disease 

in AAs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Importance

What is already known?

• The majority of studies in non-Hispanic White individuals have found 

negative associations between anthropometric measures of adiposity (BMI 

and waist circumference) and cortisol.

• There are limited studies using other measures of adiposity, such as 

subcutaneous adipose tissue (SAT), visceral adipose tissue (VAT), liver 

attenuation, and adipokines.

• African Americans have a different body fat distribution compared with non-

Hispanic White individuals and the relationship of adiposity with cortisol is 

not well understood in African Americans.

What does this study add?

• BMI, waist circumference, SAT, leptin, and leptin:adiponectin ratio were all 

associated with lower morning serum cortisol in African Americans.

• Among adiposity measures, leptin had the greatest magnitude of association 

with cortisol in African Americans.

• There was no evidence of effect modification by age or sex.

How might these results change the direction of research or the focus of clinical 
practice?

• The interactions and underlying mechanisms between adiposity and the 

cortisol axis warrant further investigation to develop novel approaches to 

cardiometabolic disease prevention and treatment in African Americans.
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Figure 1. 
The Jackson Heart Study cohort included 5,306 participants. Individuals were excluded from 

the analysis because of missing data on morning serum cortisol (n = 113) or on the basis of 

missing time of cortisol collection/collection occurring after 12 PM (n = 402). Furthermore, 

participants were excluded if they had missing outcome or covariate data (adiponectin [n = 

91], leptin [n = 21], waist circumference [n = 6], BMI [n = 1], education [n = 23], systolic 

blood pressure [n = 15], smoking [n = 38], diabetes status [n = 4] or beta-blockers [n = 

381]).
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Figure 2. 
Relative magnitude of associations of standardized adiposity measures with morning serum 

cortisol. Leptin had the greatest relative magnitude of association with morning serum 

cortisol. The data corresponding with the figure is presented in Table 3. All associations 

P < 0.001 except for z-log liver attenuation and z-log visceral adipose tissue which were 

nonsignificant.
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Figure 3. 
BMI and waist circumference were negatively associated with morning serum cortisol. The 

hypothesized mechanism between increasing adiposity and lower cortisol among African 

Americans involves the preferential storage of adipose tissue in subcutaneous depots. 

Subcutaneous adipose tissue produces leptin, which is able to suppress cortisol production at 

the hypothalamus and the adrenal gland.
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TABLE 2

Association of continuous anthropometric, adipokines, and body fat distribution measures with cortisol

Measure of adiposity Cortisol
a
 (n = 4,211), Beta (95% CI), P value

Adiponectin (ng/dL) 
a 0.034 (0.015, 0.053), 0.001

Leptin (ng/dL) 
a −0.07 (−0.088, −0.052), < 0.001

Leptin:adiponectin ratio 
a −0.045 (−0.058, −0.033), < 0.001

Waist circumference (cm) −0.002 (−0.003, −0.001), < 0.001

BMI (kg/m2) −0.006 (−0.007, −0.004), < 0.001

SAT (cm3)
a
 (n = 2,340)

−0.1 (−0.14, −0.06), < 0.001

VAT (cm3)
a
 (n = 2,341)

−0.014 (−0.048, 0.02), 0.43

Liver attenuation (HU)
a
 (n = 2,387)

0.029 (−0.054, 0.112), 0.50

a
Indicates logged value.

Adjusted for age, sex, education, occupation, systolic blood pressure, smoking, physical activity, hormone replacement therapy medications, 
beta-blocker medica- tions and cortisol collect time.

Logged-dependent variable, level-independent: % ΔY = ( eβ − 1) ∗ 100.

Logged-dependent variable, logged-independent: % ΔY = ( 1. 01β − 1) ∗ 100 %. Interpretations: A 1% higher adiponectin is associated 
with a 0.034% higher morning serum cortisol. A 1% higher leptin is associated with a 0.07% lower morning serum cortisol. A 1% higher 

leptin:adiponectin ratio is associated with a 0.045% lower corti- sol. A 1-kg/m2 higher BMI is associated with a 0.6% lower cortisol. A 1-cm 
higher WC is associated with a 0.2% lower cortisol. A 1% higher SAT is associated with a 0.1% lower morning serum cortisol.

SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; HU, Hounsfield units.
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TABLE 3

Association of standardized continuous anthropometric, adipokine, and body fat distribution measures with 

cortisol

Measure of adiposity Cortisol (n = 4,211), Beta (95% CI), P value

z-Log-adiponectin (ng/dL) 0.023 (0.01, 0.036), 0.001

z-Log-leptin (ng/dL) −0.067 (−0.084, −0.05), < 0.001

z-Log-leptin:adiponectin ratio −0.051 (−0.065, −0.038), < 0.001

z-Waist circumference (cm) −0.031 (−0.043, −0.018), < 0.001

z-BMI (kg/m2) −0.04 (−0.052, −0.027), < 0.001

z-Log-SAT (cm3) (n = 2,340) −0.051 (−0.07, −0.032), < 0.001

z-Log-VAT (cm3) (n = 2,341) −0.007 (−0.024, 0.01), 0.43

z-Liver attenuation (HU) (n = 2,387) 0.006 (−0.011, 0.022), 0.50

Adjusted for age, sex, education, occupation, systolic blood pressure, smoking, physical activity, hormone replacement therapy medications, 
beta-blocker medica- tions, and cortisol collect time.

Logged-dependent variable, level-independent: % ΔY = ( eβ − 1) ∗ 100. Interpretations: A 1-SD higher adiponectin is associated with a 2.33% 
higher morn- ing serum cortisol. A 1-SD higher leptin is associated with a 6.48% lower morning serum cortisol. A 1-SD higher leptin:adiponectin 
ratio is associated with a 4.97% lower morning serum cortisol. A 1-SD higher WC is associated with a 3.05% lower morning serum cortisol. A 
1-SD higher BMI is associated with a 3.92% lower morning serum cortisol. A 1-SD higher SAT is associated with a 4.97% lower morning serum 
cortisol. SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; HU, Hounsfield units.
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