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Research Paper 

Urinary cortisol and cardiovascular events in women vs. men: The 
multi-ethnic study of atherosclerosis 

Spencer Flynn a, Preethi Srikanthan b, Keeley Ravellette a, Kosuke Inoue c, Karol Watson d, 
Tamara Horwich d,* 

a David Geffen School of Medicine at UCLA, United States of America 
b UCLA Division of Endocrinology, United States of America 
c Kyoto University Department of Social Epidemiology, Japan 
d UCLA Division of Cardiology, United States of America   

A R T I C L E  I N F O   

Keywords: 
Stress 
Body composition 
Cardiovascular events 
Atherosclerosis 

A B S T R A C T   

Research suggests that women experience greater cardiovascular ischemic effects from stress than men. Visceral 
adiposity is an endocrine tissue that differs by sex and interacts with stress hormones. We hypothesized that 
urinary cortisol would be associated with increased cardiovascular events and change in coronary artery calcium 
score (CAC) in women, and these relationships would vary by central obesity. In the Multi-Ethnic Study of 
Atherosclerosis Stress Ancillary study, cortisol was quantified by 12-h overnight urine collection. Central obesity 
was estimated by waist-hip ratio (WHR). Multivariable Cox models estimated the relationship between cortisol 
and cardiovascular events and assessed for moderation by WHR. The relationship between cortisol and change in 
CAC Agatston score was assessed by Tobit regression models. 918 patients were analyzed with median follow up 
of 11 years. There was no association between urinary cortisol and cardiovascular events in the cohort. However, 
in individuals with below median WHR, higher urinary cortisol levels (upper tertile) were associated with higher 
cardiovascular event rates in the full cohort, women, and men, but not in groups with above median WHR. There 
was significant moderation by WHR in women, but not men, whereby the association between elevated cortisol 
and increased cardiovascular events diminished as WHR increased. Urinary cortisol was associated with 
increased change in CAC in women (P = 0.003) but not men, without moderation by WHR. Our study highlights 
associations between cortisol and subclinical atherosclerosis in women, and moderation of the relationship be
tween cortisol and cardiovascular events by central obesity in both genders.   

1. Introduction 

Stress has been linked to cardiovascular disease (CVD) in epidemi
ologic, behavioral, interventional, and mechanistic studies [1–4]. Stress 
results in the activation of the hypothalamic-pituitary-adrenal axis and 
the sympathetic nervous system, raising the levels of catecholamines 
and glucocorticoids, the most physiologically important of which is 
cortisol [5,6]. Various mechanisms have been proposed for the role of 
cortisol in the development of CVD, including its contributions to hy
pertension, insulin resistance, hemodynamic stress on arterial walls, 
inflammation, atherosclerosis, and thrombosis [7,8]. Potential behav
ioral sequelae of stress – low physical activity, high-fat diet, and smoking 
– likely also contribute to disease [4]. Previous studies have found as
sociations between increased stress – as measured by urinary 

catecholamines and cortisol– and plaque burden in coronary vessels, 
incident hypertension, and adverse cardiovascular events [9–11]. 

Women and men may have different cardiovascular responses to 
stress. Sex differences in CVD risk have become more widely recognized, 
with stress emerging as a particular predictor of CVD risk in women. 
Studies have demonstrated that women with CAD are more susceptible 
to mental stress-induced myocardial ischemia (MSIMI), predisposing 
them to a greater risk of mortality and additional adverse CV events 
[12,13]. Women have also been shown to have higher platelet reactivity 
to stress compared to men [14]. Furthermore, postmenopausal women 
in particular may exhibit heightened hemodynamic responses to stress, 
such as elevated blood pressure and heart rate [15–17]. This change 
following menopause may be attributable in part to the atherogenic lipid 
profile and increased visceral adiposity seen in post-menopausal women 
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[18]. 
Further modifying the relationship between stress hormones and 

cardiovascular disease is visceral adipose tissue (VAT). Visceral obesity 
is strongly associated with adverse cardiovascular outcomes and a broad 
number of cardiometabolic risk factors [19,20]. Hypercortisolism is also 
associated with visceral obesity [21,22]. This association is most 
apparent in disease states of pathologically elevated cortisol as occurs in 
Cushing’s syndrome, but it has also been shown that patients with 
higher VAT have higher 24-h cortisol levels [23–25]. VAT has been 
linked to an up-regulated hypothalamic-pituitary-adrenal axis (HPA) 
[26–28]. Women with increased visceral obesity have been shown to 
have resistance to low oral dexamethasone suppression test [29], and to 
have increased urinary cortisol [30–33]. These studies highlight stress 
hormone resistance and upregulation in obese individuals. 

In this study, using longitudinal data from the Multi-Ethnic Study of 
Atherosclerosis (MESA) Stress 1 Ancillary Study, we aimed to investi
gate sexual dimorphism in the relationship of biological markers of 
stress and both subclinical atherosclerosis (as measured by change in 
coronary artery calcium (CAC) Agatston score) and cardiovascular 
events. Furthermore, we examined if these relationships were affected 
by central adiposity as measured by WHR. We hypothesized that urinary 
cortisol would be associated with increased cardiovascular events and 
change in coronary artery calcium score (CAC) in women, and these 
relationships would vary by central obesity. 

2. Methods 

MESA is a prospective epidemiologic study including 6814 patients 
without cardiovascular disease at time of enrollment that began in 2000. 
Methods have been previously described [11,34]. Briefly, its goal was to 
investigate the prevalence, progression, and risk factors for subclinical 
CVD in a large, multi-ethnic, population-based sample throughout the 
United States [34]. The MESA Stress 1 Study was an ancillary study of 
1002 randomly selected white, black, and Hispanic patients from the 
New York and Los Angeles sites organized in conjunction with MESA 
examinations 3 and 4 (March 2004 to September 2005 and September 
2005 to May 2007, respectively) [35]. Of these 1002 patients, 918 pa
tients had complete demographic and clinical data and were included in 
the present study. Both MESA and the Stress Ancillary Study were 
approved by the institutional review boards at the participating in
stitutions, and all participants gave written informed consent. 

2.1. Quantifying urinary cortisol 

The MESA Stress 1 collection process for urine samples and quanti
fication of urinary cortisol has been previously described [11,35]. 
Briefly, participants were instructed as to how to collect a 12-h over
night urine sample. Following a previously used protocol [36], staff 
calculated the start time of the collection based on calculating backward 
12 h from the participant’s usual waking time. The participant was given 
detailed instructions to void at the start time and collect all urine until 
the stop time. Participants transferred each voided urine sample to a 
collection bottle containing a preservative (sodium metabisulfite; 
NA2S205, crystal form; reagent ACS grade, Fisher Scientific no. S244). 
Participants stored the collection bottle in a cool place and returned it to 
the study site as soon as possible. After collection, aliquots of urine were 
acidified with (~6 N) HCl to a pH of <3 and frozen at –80C until 
assayed. 

Samples were analyzed for cortisol at Northwestern University using 
the urinary cortisol EIA kit. Intra- and interassay coefficients of variation 
were 3.2 % and 9.99 % for urinary cortisol. Urinary cortisol levels were 
all normalized by creatinine to reduce variability due to urine 
concentration. 

2.2. Categorizing clinical outcomes 

Methods for assessing cardiovascular events and measuring CAC in 
MESA have been previously reported [11,34,37,38]. New onset car
diovascular events were the primary endpoint and were identified 
beginning from a patient’s enrollment visit in the MESA stress study. 
Any patient with a cardiovascular event prior to their MESA Stress 
enrollment was excluded. A telephone interviewer contacted each 
participant (or representative) every six-nine months to inquire about all 
interim hospital admissions, outpatient diagnoses, and deaths. Two 
physicians reviewed all medical records for independent end-point 
classification and assignment of event dates. New onset cardiovascular 
events included all CVD and heart failure (HF) events adjudicated as part 
of MESA. Criteria for CVD included myocardial infarction, resuscitated 
cardiac arrest, definite or probable angina, stroke, revascularization 
procedure, stroke death, coronary heart disease death, atherosclerotic 
death, and CVD death. The first cardiovascular event to occur during the 
study period was counted for each participant but not any subsequent 
events. 

CAC scans were performed on a randomly selected subset of one-half 
of the participants (n = 447) by chest computed tomography (CT) [34]. 
Images were calibrated using a calcium phantom to control for vari
ability between scanners, and the phantom was included in all images 
with parameters set to reduce differences in the signal-to-noise ratio 
[39–41]. All CT scans were read at the Harbor-UCLA Research and Ed
ucation Institute in Torrance, California. Coronary calcification was 
identified, quantified, and calibrated according to the readings of the 
calcium phantom. Each patient underwent 2 CT scans at each timepoint 
and the Agatston score was calculated for each scan (phantom adjusted) 
and the mean of these 2 CAC scores was used in the analysis. Intra-and 
inter-observer agreement was very high (kappa statistics 0.93 and 0.90, 
respectively) [39]. If there was a CAC measured at the same time point 
as the urinary cortisol measurement, then this CAC was used (n = 148). 
If not, then a CAC measured at the closest time point within the MESA 
Stress examinations (e.g. either Exam 3 or 4) was used (n = 299, mean 
1.6, SD 0.22 years before or after Stress Exam). The follow-up CAC was 
taken at MESA exam 5 for all patients who had a previous CAC scan. 
Change in CAC was determined as this later timepoint CAC minus the 
baseline CAC and was normalized to a per-year change. 

2.3. Body composition measurements 

Anthropometric body composition measurements in MESA have also 
been previously described [42]. Briefly, all participants were measured 
wearing light clothing and no shoes. Height was measured using Accu- 
Hite® stadiometers, rounded to the nearest mm. Body weight was 
measured using a Detecto Platform Balance Scale, rounded to the 
nearest pound. Waist and hip girth measurements were made in the 
standing position using Gulick II 150 cm anthropometric tape measures 
keeping the tape within a horizontal plane. No measurement was taken 
around clothing. Waist circumference was measured at the level of the 
umbilicus. Hip circumference was measured around the widest 
circumference of the buttocks. Waist-Hip ratio (WHR) was calculated 
from waist and hip girth measurements and used as our index of central 
obesity [43]. 

2.4. Statistical methods 

All continuous comparisons between two groups used Student’s t- 
test, while categorical comparisons used chi-square tests. Cox regression 
analyses were performed to determine the relationship between urinary 
cortisol and new-onset cardiovascular events. All urinary cortisol levels 
were normalized to creatinine and then log base 2 transformed to meet 
modeling assumptions and for interpretability, so the estimated HRs 
represent an increase per doubling of cortisol. To assess the moderation 
by WHR on urinary cortisol, a multiplicative interaction term was 
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included in all multivariable models. All WHR values were multiplied by 
10 to improve model interpretability, and centered around the mean in 
order to conform to model assumptions. Cortisol was analyzed as cate
gorical tertiles and as a continuous variable. Proportional hazards 
assumption was verified by inspection of graphs of the Schoenfield 
residuals. 

For the analysis of change in CAC by urinary cortisol, Tobit regres
sion was used due to model overdispersion with a high number of 
0 values. Change in CAC values were standardized to reflect annual 
change, and then ln(change in CAC/year +1) transformed to conform to 
model assumptions. Outputs of the CAC models were annualized relative 
change values. Missing data was not imputed. Additional covariates 
were selected for the analysis of the relationship between urinary 
cortisol and new-onset cardiovascular events, as well as between urinary 
cortisol and change in CAC. These covariates were selected a priori and 
include age, race, annual income, smoking, alcohol, physical activity, 
systolic blood pressure, BMI, and low-density lipoprotein levels (see 
Table 1 for further details on categories of covariates). All models 
included these covariates. Formal second-order moderation testing was 
also performed with gender and central obesity as moderators for the 
associations between cortisol and both CVD and change in CAC. All 
analyses were adjusted for multiple comparisons using the Benjamini- 

Hochberg method to control the false discovery rate. All statistical an
alyses were performed with R version 4.1.0. (R Foundation for Statistical 
Computing, Vienna, Austria). 

3. Results 

There were 918 total patients with complete demographic and 
clinical data without any CV events prior to MESA Stress enrollment, 
consisting of 491 women and 427 men (Fig. 1, Table 1). The cohort was 
52.5 % Hispanic, 29.0 % black, and 18.5 % white. Mean BMI was 29.1 
kg/m2, and BMI was significantly higher in women than men (29.7 v. 
28.3, P < 0.001). Mean WHR was 0.95, and was significantly lower in 
women compared to men (0.92 v. 0.98, P < 0.001). 

With regards to urinary cortisol, there was no significant difference 
in cortisol between men and women (Table 1). There were 152 patients 
(16.6 %) who experienced new-onset cardiovascular events over the 
course of the study follow-up. Of those 152 events, there were 10 car
diovascular disease related deaths, 21 myocardial infarctions, 45 
strokes, 24 angina diagnoses, 25 congestive heart failure diagnoses, and 
27 revascularization procedures. Average follow-up was 11.02 (SD 2.99 
years) and 5.46 (SD 3.30) years was average time to new-onset cardio
vascular events. All patients had follow-up data, with minimum follow- 
up of 2.1 years among patients who did not die during the study period. 
Cardiovascular events were more common in men than women (unad
justed incidence percentages 18.7 % v. 13.8 %, incidence rate per 100 
person years were 1.96 and 1.30, respectively, both comparisons P <
0.05). Median CAC at baseline was also higher in men (21.9, IQR 
0–51.4) than women (0, IQR 0–51.4) (P < 0.001). 

Patients with new onset CV events were on average older, more 
likely to be male, had higher WHR, and had higher Agatston scores (all P 
< 0.05) (Table 2). 

3.1. Urinary cortisol, cardiovascular outcomes, and moderation by waist- 
hip ratio 

There was no independent association between urinary cortisol and 
new onset CV events in the full cohort, women, or men (Table 3, 
Table 4). WHR had a negative moderation effect on the relationship of 
cortisol and new onset CV events in the whole cohort (P = 0.03) and in 
women (P = 0.03). Specifically, increased WHR was associated with a 
less positive association between urinary cortisol with new-onset car
diovascular events in both the full cohort and women. In women, this 
moderation effect had a hazard ratio of 0.67 (95 % CI 0.53–0.85), 
indicating that the association between urinary cortisol and CV events 
decreases as WHR increases. On second-order moderation testing, the 
three-way moderation term between cortisol, gender, and WHR was 
statistically significant (p-value = 0.03). There was no significant 
moderation effect of race on the relationship between cortisol and WHR. 
Additional results of second-order moderation testing are described in 
Supplement 1. 

We then performed Cox multivariate regressions of the full cohort, 
men, and women stratified by intragroup median WHR (Fig. 2, Table 4). 
Higher urinary cortisol tertiles were associated with increased CV events 
in below median WHR groups among the full cohort and trended to
wards significance in women and men (Fig. 2, P = 0.01, 0.06, and 0.08, 
respectively), but not in above median WHR groups. Specifically, in the 
full cohort there was a significant difference in CV events between the 
lowest cortisol tertile as the referent compared to either the second or 
third cortisol tertile (HR and 95 % CI 2.56 (1.35–4.84), and 2.23 
(1.17–4.28), respectively). In women, there was a significant difference 
between the lowest cortisol tertile and the second cortisol tertile with a 
borderline non-significant comparison to the third tertile (HR and 95 % 
CI 3.72 (1.29–10.74), and 2.74 (0.95–7.90), respectively). In men, there 
was not a significant difference in survival between the lowest cortisol 
tertile and the second tertile (HR and 95 % CI 1.78 (0.74–4.31)), but 
there was between the lowest cortisol tertile and the third cortisol tertile 

Table 1 
Baseline demographics and clinical characteristics.   

Full cohort (n 
= 918) 

Women (n =
491) 

Men 
(n = 427) 

Age, mean (SD) 65.2 (9.8) 65.2 (9.9) 65.2 (9.7) 
Race, n (%) 

White 
170 (18.5) 88 (17.9) 82 (19.2) 

Black 266 (29.0) 150 (30.5) 116 (27.2) 
Hispanic 482 (52.5) 253 (51.5) 229 (53.6) 

Income, median (IQR) 8 (6) 7 (5.5) 8 (6)** 
Smoking, n (%) 

Current smoker 
89 (9.7) 41 (8.4) 48 (11.2) 

Quit less than a year ago 20 (2.2) 9 (1.8) 11 (2.6) 
Never or quit more than a 
year ago 

809 (88.1) 441 (89.8) 368 (86.2) 

Physical activity, n (%) 
None 

642 (70.0) 364 (74.1) 278 (65.1)** 

<150 min per week 142 (15.5) 70 (14.3) 72 (16.9) 
≥ 150 min per week 134 (14.6) 57 (11.6) 77 (18.0) 

BMI, mean (SD) 29.1 (5.7) 29.7 (6.4) 28.3 (4.7)*** 
WHR, mean (SD) 0.95 (0.08) 0.93 (0.08) 0.98 (0.6)*** 
Waist circumference, cm, 

mean (SD) 
100.4 (14.7) 100.2 (16.3) 100.7 (12.6) 

SBP, mmHg, mean (SD) 123.2 (20.3) 123.8 (21.1) 122.6 (19.3) 
DBP, mmHg, mean (SD) 70.0 (10.1) 67.2 (9.9) 73.2 (9.4)*** 
LDL, mg/dL, mean (SD) 112.9 (35.1) 115.2 (36.1) 110.2 (33.8)* 
HDL, mg/dL, mean (SD) 51.3 (15.2) 55.9 (14.9) 46.0 (13.6)*** 
Total cholesterol, mg/dL, n 

(%) 
191.1 (37.8) 197.0 (38.7) 184.4 (35.6) 

*** 
Triglycerides, mg/dL, mean 

(SD) 
130.5 (112.9) 122.8 (73.8) 139.5 (145.0)* 

Antihypertensive use, n (%) 417 (45.4) 252 (51.3) 165 (38.6)*** 
Diabetes, n (%) 126 (13.7) 68 (13.8) 58 (13.6) 
Premenopause, n (%) NA 113 (23.0) NA 
Cortisol, ng/creatinine mg/dl, 

median (IQR) 
15.8 (1.5 to 
30.1) 

15.3 
(9.5–24.3) 

16.4 
(10.3–24.3) 

Cardiac event, yes, n (%) 152 (16.6) 68 (13.8) 84 (19.7)* 
CAC, Agatston Phantom- 

adjusted, median (IQR) 
4.2 (0–87.4) 
n = 447 

0.0 
(0.0–51.4) 
n = 245 

21.9 
(0.0–154.0)*** 
n = 202 

Abbreviations: BMI = body mass ratio, WHR = waist-hip ratio SBP = systolic 
blood pressure, DBP = diastolic blood pressure, LDL = low-density lipoprotein, 
HDL = high-density lipoprotein, CAC = coronary artery calcium. 
*P < 0.05, **P < 0.01, ***P < 0.001; comparisons are between the women and 
men subgroups. 
Income is on a categorical scale ranging from 1 (<$5000 total gross family in
come) to 13 (>$100,000 annual income). Note that CAC values were obtained in 
a smaller cohort of patients as described in the Methods and identified in the 
Table. 
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(2.77 (1.18–6.46)). In Cox analyses with cortisol treated as a continuous 
variable, higher urinary cortisol levels trended towards increased risk of 
new onset CV events in the below median WHR groups of the full cohort, 
women, and men (Table 4, full models, HR and 95 % CI of 1.23 
(0.97–1.56), 1.38 (0.96–1.97) and 1.37 (0.96–1.95), respectively). 
There was significant moderation between cortisol and median WHR in 
women (P = 0.04), but not in men or the full cohort. 

Relative excess risk due to interaction (RERI), a measure of additive 
interaction, was calculated for all significant WHR moderation re
lationships in Tables 3 and 4 and was less than zero in all comparisons. A 
sensitivity analysis was also performed with diabetes included as an 
additional covariate without any change in significant results (Supple
mental Tables 1–3). We also investigated whether BMI or waist 
circumference had similar moderation effects with cortisol and new 
onset cardiovascular events, but found no significant effects (Supple
mental Tables 4–5). 

3.2. Urinary cortisol and change in CAC 

Finally, we examined whether urinary cortisol is associated with 

change in CAC, and whether this change was influenced through 
moderation by WHR. Average time between CAC measured during 
MESA Stress examinations (third or fourth time point) to CAC measured 
at MESA fifth timepoint averaged 5.65 years, SD 0.81 years. There were 
447 patients with complete CAC data. Higher urinary cortisol was 
associated with increased change in CAC score in the full cohort and 
women in the Tobit regression models (all P < 0.01) but was not sig
nificant in men (P = 0.21, Table 5). The highest association between 
cortisol and CAC change was in women, with an annualized relative 
change in CAC of 1.60 (95 % CI 1.19–2.15) per 1 unit increase in ln 
(cortisol). There was no moderation of WHR on urinary cortisol and 
change in CAC in the full cohort, women, or men. Second-order 
moderation testing was also performed with no moderation effects. 
Results of this analysis are included in Supplement 1. 

4. Discussion 

This study analyzed a prospectively followed multi-ethnic cohort to 
investigate the relationship between a biological marker of stress, sub
clinical atherosclerosis, and new onset cardiovascular events in men and 

Fig. 1. Flow diagram of study participants.  
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women. We also investigated whether these relationships varied by 
WHR, a measure of central obesity. The key findings of the present study 
are 1) significantly higher rates of cardiovascular events in groups with 
higher tertiles of urinary cortisol regardless of gender, but only among 
subgroups with below median WHRs, 2) a significant association be
tween urinary cortisol and increased change in CAC in women but not 
men, with no effect of WHR. 

Prior studies have linked urinary cortisol to cardiovascular out
comes: one study using 24-h urine cortisol measurements that included 
861 patients over age 65 and found an association with cardiovascular 
death, as well as a study using MESA data that included 412 patients 
without hypertension and identified an association with incident CVD 
[9,10]. The present study found higher rates of cardiovascular events 
with higher urinary cortisol only in groups with lower WHR. This could 
be explained by a number of methodologic differences between our 
study and those prior studies, particularly that our study included both 
middle age and older adults, required that patients had no prior history 
of cardiovascular events, and included patients with known hyperten
sion. Moreover, our study had a higher average BMI (29.1) compared to 
those two prior studies (27.5 and 28.3, respectively). 

The finding that there was an association between urinary cortisol 
and new onset CV events only in those with low WHR has to our 
knowledge not been previously described. Several potential explana
tions may account for this finding. First, it may be that at higher WHR, 
the relative contribution of other cardiovascular risk factors (athero
genic lipid profiles, inflammatory adipokines, insulin resistance, etc.) 
outweighs any increased risk from higher levels of cortisol, masking a 
true underlying association between urinary cortisol and cardiovascular 
outcomes. Second, the increased estrogen production from greater 
amounts of visceral fat may moderate the relationship between urinary 
cortisol and CV events given estrogen’s known beneficial vascular ef
fects [44], and may underlie the significant moderation effect between 
WHR and urinary cortisol seen only in women. Third, increased central 
adiposity may lead to a state of cortisol resistance. Catecholamine 
resistance is a known phenomenon, where in case studies of patients 
with pheochromocytomas higher levels of adiposity led to less hyper
tensive response to catecholamines [45]. Obese individuals have also 
been shown to have decreased glucocorticoid feedback and unique 
cortisol secretion patterns, indicating a process similar to catecholamine 
resistance may occur with cortisol [46,47]. There are also molecular 
explanations for cortisol and catecholamine resistance, including that 
visceral adipose tissue is high in glucocorticoid receptors and cate
cholamine receptors and therefore may serve as a sink for catechol
amines and cortisol, preventing them from exerting their vascular or 
systemic effects [21,22]. Finally, the finding may be influenced in part 
by statistical considerations, although we took steps to negate these 
effects. One statistical phenomenon is biased negative multiplicative 
moderation, in which when there is an outcome that is more common in 
those exposed to a predictor, such as WHR, the moderation effect tends 
to be negative. However, our RERI values for additive interaction were 
also consistently negative (less than zero), decreasing the likelihood that 
the findings were due to purely statistical phenomenon. 

Although there was an association between high urinary cortisol 
tertile and increased CV events at below median WHR, we found a sig
nificant moderation of WHR on the relationship between cortisol and CV 
events only in women. Only women had significant moderation effects 
on both continuous and stratified analyses (see Tables 3 and 4). Such 
differences by sex may be explained by the well-established variation in 
adipose tissue distribution, adipose cellular characteristics, and growing 
clinical evidence of different health implications of adiposity in women 
compared men. Women are generally less likely than men to have 
visceral adiposity, and the increase in visceral adiposity in women is 
strongly linked to menopause [18,48]. Women have also been shown to 
have increased adipocyte hyperplasia compared to adipocyte hyper
trophy in men, and women are known to have more cardiovascular 
protective brown adipose tissue deposits [18]. Increased estrogen from 

Table 2 
Demographics and clinical characteristics stratified by new onset cardiovascular 
events.   

No cardiac event (n 
= 766) 

Cardiac event (n 
= 152) 

Age, mean (SD) 64.4 (9.7) 69.2 (9.4) 
Gender, n (%) 

Women 
Men  

423 (55.2 %) 
343 (44.7 %)  

68 (44.7 %) 
84 (55.2 %)* 

Race, n (%) 
White 

143 (18.7) 27 (17.8) 

Black 226 (29.5) 40 (26.3) 
Hispanic 397 (51.8) 85 (55.9) 

Income, median (IQR) 7.7 (3.4) 6.7 (3.3)** 
Smoking, n (%) 

Current smoker 
72 (9.4) 17 (11.2) 

Quit less than a year ago 17 (2.2) 3 (2.0) 
Never or quit more than a year ago 677 (88.4) 132 (86.8) 

Physical activity 
None 

524 118* 

<150 min per week 120 22 
>150 min per week 122 12 

BMI, mean (SD) 29.0 (5.7) 29.7 (5.7) 
WHR, mean (SD) 0.94 (0.08) 0.96 (0.07)* 
Waist circumference, cm, mean (SD) 100.0 (14.6) 102.6 (15.0) 
SBP, mmHg, mean (SD) 121.9 (19.5) 130.1 (22.9)*** 
DBP, mmHg, mean (SD) 69.6 (9.8) 71.8 (11.3)* 
LDL, mg/dL, mean (SD) 113.2 (34.6) 111.4 (37.6) 
HDL, mg/dL, mean (SD) 51.8 (15.4) 48.4 (13.2)* 
Total cholesterol, mg/dL, n (%) 191.6 (37.9) 188.8 (37.3) 
Triglycerides, mg/dL, mean (SD) 128.4 (109.1) 141.3 (130.3) 
Antihypertensive use, n (%) 326 (42.6) 91 (59.9)*** 
Diabetes, n (%) 91 (11.9) 35 (23.0)*** 
Age at menopause, mean (SD) 47.5 (6.8) 47.4 (6.7) 
Premenopause, n (%) 104 (13.6 %) 9 (5.9 %)* 
Cortisol, ng/creatinine mg/dl, 

median (IQR) 
15.6 (10.0 to 24.3) 16.9 (10.4 to 24.3) 

CAC, Agatston Phantom-adjusted, 
median (IQR) 

1.6 (0.0 to 57.5) 
n = 389 

95.6 (0.9 to 384.5) 
*** 
n = 58 

Abbreviations: BMI = body mass ratio, WHR = waist-hip ratio SBP = systolic 
blood pressure, DBP = diastolic blood pressure, LDL = low-density lipoprotein, 
HDL = high-density lipoprotein, CAC = coronary artery calcium. 
*P < 0.05, **P < 0.01, ***P < 0.001. 
Income is on a categorical scale ranging from 1 (<$5000 total gross family in
come) to 13 (>$100,000 annual income). Note that CAC values were obtained in 
a smaller cohort of patients as described in the Methods and identified in the 
Table. 

Table 3 
New onset cardiovascular events and urinary cortisol moderated by waist-hip 
ratio.   

Full cohort (n =
918) 
HR (95 % CI) 

Women (n =
491) 
HR (95 % CI) 

Men (n =
427) 
HR (95 % CI) 

Cortisol, log2 ng / 
creatinine mg / dl 

1.05 
(0.90–1.24) 
P = 0.76 

0.95 
(0.76–1.20) 
P = 0.76 

1.04 
(0.81–1.33) 
P = 0.76 

WHR 2.75 
(1.15–6.57) 
P = 0.03 

4.22 
(1.53–11.63) 
P = 0.015 

0.88 
(0.15–5.25) 
P = 0.89 

Cortisol*WHR 0.79 
(0.64–0.96) 
P = 0.02 

0.67 
(0.53–0.85) 
P = 0.03 

1.02 
(0.68–1.52) 
P = 0.94 

WHR = waist-hip ratio. Models adjusted for age, race, annual income, smoking, 
alcohol, physical activity, systolic blood pressure, BMI, and low-density lipo
protein levels. Cortisol*WHR indicates the interaction variable between these 
two covariates. 
Results in women can be interpreted approximately as the following: women at 
median WHR of 0.93 would have a HR between cortisol and new onset car
diovascular events of 0.95, while in a group of women with WHR of 1.03 (an 
increase of 0.1 in WHR compared to the median), the HR would be multiplied by 
a factor of 0.67 to become 0.64. See Supplement 2 for full explanation. 
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increased adiposity may also be more cardioprotective in women 
compared to men, especially since increased obesity in men is associated 
with lower testosterone which has been linked with CVD in men [49]. It 
is important to be clear that our findings do not support the notion that 
increased visceral fat is cardioprotective in women; in fact, higher WHR 
was associated with increased CV events (P = 0.015). Furthermore, 
WHR is an estimate rather than a direct measure of visceral fat. Rather, 
our findings only suggest that higher central adiposity may particularly 
moderate the effects of cortisol on the cardiovascular system in women. 

Notably, we did find an association between increasing urinary 
cortisol and a higher change in CAC score in the full cohort and in 

women, but with no moderation by WHR in any group. Our findings 
linking increasing cortisol and CAC build on two previous studies that 
also used MESA Stress 1 data. The first demonstrated a link between 
salivary cortisol variation and CAC as well as ankle brachial index [50]. 
More recently, we reported in a cross-sectional paper that higher urinary 
cortisol corresponded with greater likelihood of a CAC score > 0 and 
higher CAC scores in both males and females [11]. Here, we show that 
urinary cortisol is also associated with increased change in CAC, sug
gesting greater rate of coronary plaque growth in individuals with 
higher levels of urinary cortisol. Since CAC is a robust indicator of 
overall atherosclerotic burden and tracks well with risk of coronary 

Table 4 
Associations between new onset cardiovascular events and cortisol by median WHR.   

Full cohort (n = 918) P for 
interaction 

Women (n = 491), P for 
interaction 

Men (n = 427) P for 
interaction  

WHR ≤
0.95, 
N = 459, 
HR (95 % 
CI) 

WHR > 0.95 
N = 459, 
HR (95 % 
CI)  

WHR ≤ 0.93 
N = 246, 
HR (95 % 
CI) 

WHR > 0.93 
N = 245, 
HR (95 % 
CI)  

WHR ≤ 0.98 
N = 214, 
HR (95 % 
CI) 

WHR > 0.98 
N = 213, 
HR (95 % 
CI)  

Cortisol, ln ng / 
creatinine mg / dl 

1.23 
(0.97–1.56) 
P = 0.09 

0.89 
(0.71–1.11) 
P = 0.47 

P = 0.10 1.38 
(0.96–1.97) 
P = 0.09 

0.77 
(0.56–1.07) 
P = 0.36 

P = 0.04 1.37 
(0.96–1.95) 
P = 0.09 

0.92 
(0.67–1.27) 
P = 0.62 

P = 0.23 

All values reported are hazard ratios generated from Cox regression analyses adjusted for age, race, annual income, smoking, alcohol, physical activity, systolic blood 
pressure, BMI, and low-density lipoprotein levels. Cortisol was log base 2 transformed for interpretability and to meet model assumptions. 

Fig. 2. Time post urinary cortisol measurement vs. cardiovascular event-free survival by urinary cortisol tertiles, adjusted for all prespecified covariates, with 
columns stratified by median waist-hip ratios. P-values shown are overall significance of cortisol tertile term using likelihood ratio test. Bolding and asterisk indicate 
P ≤ 0.05. HR and 95 % CI for tertiles 2 and tertile 3 compared to tertile 1 as reference are: A) 2.56 (1.35–4.84), P = 0.006; 2.34 (1.17–4.28), P = 0.02, B) 0.76 
(0.43–1.33), P = 0.66; 0.89 (0.52–1.58), P = 0.68, C) 3.72 (1.29–10.74), P = 0.04; 2.74 (0.95–7.90), P = 0.06, D) 0.61 (0.74–4.31), P = 0.36; 0.68 (0.30–1.53), P =
0.36, E) 1.78 (0.74–4.31), P = 0.20; 2.77 (1.18–6.46), P = 0.04, F) 0.97 (0.49–2.12), P = 0.94; 0.73 (0.35–1.53), P = 0.82. 
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events [51], this finding provides evidence for a potential mechanism 
linking urinary cortisol levels and cardiovascular risk. There are many 
potential explanations underlying the increased change in CAC with 
increased cortisol. Cortisol increases atherogenic lipid profiles, insulin 
resistance, hypertension, and vascular resistance and inflammation 
[7,52]. The lack of a moderation effect between WHR and cortisol with 
change in CAC may suggest that the moderation effect between cortisol 
and WHR with CV events occurs via a mechanism that is independent of 
coronary artery calcium accumulation. 

Interestingly, we only found an association between urinary cortisol 
and change in CAC in women, whereas a prior study using MESA Stress 
data found an association between urinary cortisol and CAC in both men 
and women [11]. This difference may be due to a larger sample size used 
in the present study (n = 918 vs. n = 654), as well as a difference in 
outcomes used in the two studies, with the present study using change in 
CAC per year while the prior study used CAC as measured at the same 
timepoint as urinary cortisol. Our findings may therefore suggest that 
urinary cortisol is more predictive of plaque growth in women than men. 

Finally, our findings in women of an association between urinary 
cortisol and CAC, and of moderation by WHR on the relationship be
tween cortisol with new onset CV events, support previous work 
showing that stress may have more profound CV health implications for 
women [12–16]. In particular, our findings align with recent studies that 
demonstrated greater mental stress induced ischemia in women, espe
cially younger women, compared to older women or men [12–14]. 
Those prior studies propose a potential explanation that there is 
increased proclivity to microcirculatory abnormalities in women. 
Increased cortisol in stress potentiates the vasoconstrictor effects of 
catecholamines, and so may cause microvascular coronary vasocon
striction in younger women. Our findings may provide one explanation 
as to why the association in those prior studies was primarily identified 
in younger women, since younger women likely have lower visceral 
adiposity and therefore may experience greater effects from increased 
stress hormones. 

We acknowledge important limitations of this study. The MESA 
stress study used a 12-h overnight urine collection instead of a 24-h 
urine collection, so the urinary cortisol levels may be influenced in 
part by sleep quality or features other than overall daily stress exposure. 
Another notable limitation is that urinary cortisol was measured and 
collected at one time point, which may limit accuracy in reflecting 

patient’s long-term stress levels and whether longitudinal changes in 
cortisol patterns influence cardiovascular events or CAC. Psychological 
surveys of stress were also not used to corroborate findings in this study. 
We did not have data on the presence of adrenal incidentaloma, which 
has increasingly been reported as a common cause of elevated cortisol 
[53]. The sample size of this study was relatively small since we only 
included MESA participants in the Stress Ancillary Study, and so con
ducting dose-response analyses was not possible due to limited power. 
Finally, our results can only identify associations rather than causations 
since observational data may have unmeasured confounders or be 
biased by reverse causality. All findings should accordingly be inter
preted as exploratory and hypothesis generating given the limitations of 
multiple comparisons. 

Our findings demonstrate a significantly increased risk of CV events 
at higher tertiles of cortisol in below median WHR individuals regardless 
of gender, and a trend towards association with CV events in below 
median WHR groups when cortisol was treated as a continuous variable. 
In women, we also found an association between urinary cortisol and 
increased risk of subclinical atherosclerosis as measured by change in 
CAC. Taken together, these findings suggest stress increases athero
sclerotic burden in women and that it may increase the risk of cardio
vascular events in individuals with low central adiposity regardless of 
sex. Interestingly, central adiposity seemed to play a significant role in 
moderating the effects of stress on CV outcomes in women. These 
somewhat counterintuitive findings raise important questions about the 
complex interplay between sex, body composition, stress, and CVD and 
requires further characterization in both clinical and mechanistic 
studies. 
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Table 5 
Annual change in coronary artery calcium and urinary cortisol.   

Full cohort (n =
447) 
Relative change 
(95 % CI) 

Women (n =
245) 
Relative change 
(95 % CI) 

Men (n = 202) 
Relative change 
(95 % CI) 

Cortisol, log2 ng / 
creatinine mg / dl 

1.40 
(1.14–1.72) 
P = 0.003 

1.60 
(1.19–2.15) 
P = 0.003 

1.18 
(0.90–1.56) 
P = 0.21 

WHR 2.39 
(0.76–7.57) 
P = 0.21 

0.91 
(0.20–4.13) 
P = 0.86 

7.30 
(0.86–61.66) 
P = 0.21 

Cortisol*WHR 0.97 
(0.74–1.27) 
P = 0.82 

1.21 
(0.84–1.74) 
P = 0.45 

0.72 
(0.45–1.16) 
P = 0.45 

WHR = waist-hip ratio. Models include age, race, annual income, smoking, 
alcohol, physical activity, systolic blood pressure, BMI, and low-density lipo
protein levels. WHR was multiplied by 10 for interpretability and centered 
around the mean to meet model assumptions. Cortisol*WHR indicates the 
interaction variable between these two covariates. 
Results in women can be interpreted as, for every doubling in cortisol, there is 
expected to be a 60 % increase in CAC each year. Applying this to our cohort’s 
values for cortisol and CAC, in a one-year period women at the highest quartile 
of cortisol would be expected to have a median increase in CAC of about 1.12 
compared to 0.6 Hounsfield units in women at the lowest quartile of cortisol. See 
Supplement 3 for more detailed explanation. 
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