ORIGINAL ARTICLE

Endocrine Care

Urinary Cortisol and Six-Year Risk of All-Cause and
Cardiovascular Mortality

Nicole Vogelzangs, Aartjan T. F. Beekman, Yuri Milaneschi, Stefania Bandinelli,
Luigi Ferrucci, and Brenda W. J. H. Penninx

Department of Psychiatry and EMGO Institute for Health and Care Research (N.V., A.T.F.B., B.W.J.H.P.),
VU University Medical Center, 1081 HL Amsterdam, The Netherlands; Clinical Research Branch (Y.M.,
L.F.), National Institute on Aging, Baltimore, Maryland 21225; Tuscany Health Regional Agency (Y.M.),
50125 Florence, Italy; and Geriatric Rehabilitation (S.B.), Azienda Sanitaria Firenze, 50122 Florence, Italy

Context: The stress hormone cortisol has been linked with unfavorable cardiovascular risk factors,
but longitudinal studies examining whether high levels of cortisol predict cardiovascular mortality
are largely absent.

Objective: The aim of this study was to examine whether urinary cortisol levels predict all-cause and
cardiovascular mortality over 6 yr of follow-up in a general population of older persons.

Design and Setting: Participants were part of the INCHIANTI study, a prospective cohort study in
the older general population with 6 yr of follow-up.

Participants: We studied 861 participants aged 65 yr and older.

Main Outcome Measure: Twenty-four-hour urinary cortisol levels were assessed at baseline. In the
following 6 yr, all-cause and cardiovascular mortality was ascertained from death certificates.
Cardiovascular mortality included deaths due to ischemic heart disease and cerebrovascular
disease.

Results: During a mean follow-up of 5.7 (so = 1.2) yr, 183 persons died, of whom 41 died from
cardiovascular disease. After adjustment for sociodemographics, health indicators, and baseline
cardiovascular disease, urinary cortisol did not increase the risk of noncardiovascular mortality, but
it did increase cardiovascular mortality risk. Persons in the highest tertile of urinary cortisol had a
five times increased risk of dying of cardiovascular disease (hazard ratio = 5.00; 95% confidence
interval = 2.02-12.37). This effect was found to be consistent across persons with and without
cardiovascular disease at baseline (p interaction = 0.78).

Conclusions: High cortisol levels strongly predict cardiovascular death among persons both with
and without preexisting cardiovascular disease. The specific link with cardiovascular mortality, and
not other causes of mortality, suggests that high cortisol levels might be particularly damaging to
the cardiovascular system. (J Clin Endocrinol Metab 95: 4959-4964, 2010)

ortisol is an important component of the stress system
c of the human body. In an acute physical or psycho-
logical stressful situation, the stress system becomes acti-
vated, with up-regulation of the hypothalamic-pituitary-
adrenal (HPA) axis resulting in the secretion of cortisol.
Direct effects of cortisol are, among others, mobilization
of glucose and free fatty acids, a decrease of growth and
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sex hormone levels, an increase in cardiac output and
blood pressure, and tempering of the activated immune
system (1-4). The function of cortisol is to help the body
recover from the stress and regain a status of homeostasis.
However, chronically elevated cortisol can cause damage
and dysregulation, and indeed, high levels of cortisol have
been associated with cardiovascular risk factors, such as

Abbreviations: Cl, Confidence interval; HPA, hypothalamic-pituitary-adrenal; HR, hazard
ratio.
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the metabolic syndrome and its components (5-7) and
accelerated atherosclerosis (8, 9). Accordingly, studies
have suggested that a chronically dysregulated cortisol re-
sponse is the link between stress-related disorders, such as
depression, and subsequent cardiovascular morbidity and
mortality (10, 11). However, little direct evidence exists
that cortisol actually increases the risk of cardiovascular
end-points. A few studies among patients admitted to the
hospital because of cardiac disease have shown that high
cortisol levels predict subsequent events or death (12-14),
but this could well be a reflection of acute stress or disease
severity (15). Two studies reported a cortisol/testosterone
ratio and a cortisol/dehydroepiandrosterone sulfate ratio
to be predictive of incident ischemic heart disease and mor-
tality, respectively, in middle-aged men (16) and male vet-
erans (17). In an older general population, cortisol was
associated with increased overall mortality (18), but be-
cause causes of death were not available, it remains un-
clear whether such an association was driven by cardio-
vascular death. Thus, although the existing literature
suggests that cortisol might increase the risk of cardiovas-
cular mortality, no study has directly tested this hypoth-
esis. Therefore, we examined whether urinary cortisol lev-
els predict all-cause and cardiovascular mortality over 6 yr
of follow-up in a general population of older persons.

Subjects and Methods

Study sample

Participants were part of the INCHIANTI study, a prospective
population-based study of older persons. From 1998 to 2000,
the study sample was randomly selected from the population
registry of two sites in Italy (Greve in Chianti, and Bagno a
Ripoli) using a multistage stratified sampling method. Baseline
data collection consisted of a home interview, a 24-h urine col-
lection, and a medical evaluation at the study clinic. Follow-up
visits were scheduled 3 and 6 yr after the baseline visit. The study
complies with the Declaration of Helsinki. The Italian National
Institute of Research and Care on Aging ethical committee ap-
proved the study protocol, and all respondents signed informed
consent. A more detailed description of the study design is given
elsewhere (19).

The InCHIANTI study included 1155 participants aged 65
and older. Because of possible profound effects on cortisol levels,
persons using corticosteroids (n = 23; code H02 according to the
World Health Organization Anatomical Therapeutic Chemical
classification) and persons with severe renal function impair-
ment [n = 30; a creatinine clearance rate of =30 ml/min based
on serum creatinine, measured through a modified Jaffe method
and calculated using the Cockcroft-Gault formula (20)] were
excluded from our sample. In addition, 180 persons had missing
data on urinary cortisol, and 61 had incomplete (<20 h) urine
collection, leaving 861 persons for the present study. Excluded
persons were significantly older (79.2 vs. 74.1yr; P < 0.001), less
educated (5.0 vs. 5.4 yr; P = 0.05), more often women (62.2 vs.
54.8%; P = 0.03), and more often deceased during follow-up
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from all causes (48.3 vs. 21.3%; P < 0.001) as well as from
cardiovascular causes (11.6 vs. 4.8%; P < 0.001).

Urinary cortisol

The assessment of urinary cortisol over a 24-h period pro-
vides a rather stable indicator of the total cortisol excretion by
the adrenals and measures the biologically active (unbound) cor-
tisol. Before the in-clinic assessment, study participants were
asked to collect at home all urine produced during a 24-h period
starting after the first voided urine after awakening and including
the first voided urine on the following day. At assessment, 10-ml
aliquots of urine were prepared and stored at —80 C for later
assaying at the Clinical Chemistry Laboratory of the Careggi
Hospital (Florence, Italy). Urinary cortisol was measured by an
immunochemiluminescence method and an ADVIA-Centaur
immunoassay system (Bayer Diagnostics, Tarrytown, NY). The
intraassay coefficient of variation was less then 2.0%, and the
interassay coefficient of variation was less then 3.0%. Urinary
cortisol level was defined as micrograms of cortisol excreted over
24 h, calculated as the concentration of cortisol (micrograms per
milliliter) multiplied by the total amount of urine volume (millili-
ters) collected. The normal reference range was 28.5-213 ug cor-
tisol excreted over 24 h. A continuous measure as well as a tertile
categorization of urinary cortisol was used in the present study.

Mortality

Mortality data were obtained from the Mortality General
Registry maintained by the Tuscany Region and from death cer-
tificates filed upon death at the registry office of the municipality
of residence. Follow-up lasted from the baseline assessment until
the day of death or the day of last contact and finished in 2006.
Cause of death was derived from the official death certificates
and coded according to the ninth revision of the International
Classification of Diseases (ICD-9). Next to all-cause mortality,
cardiovascular mortality was assessed and included death due to
cerebrovascular disease (ICD codes 430-438) and ischemic
heart disease (ICD codes 410-414). Noncardiovascular mor-
tality included all other causes of death.

Covariates

Covariates were a priori selected based on previously shown
association with both cortisol and mortality. Sociodemographic
variables included age, sex, and years of education. Health in-
dicators were smoking status (non, former, or current smoker),
currentalcoholintake (yes or no as to three or more drinks a day),
and body mass index (weight in kilograms divided by height in
meters squared). Waist circumference was measured by trained
examiners at the largest midbody point. Three systolic and dia-
stolic blood pressure measurements were taken using a standard
mercury sphygmomanometer with the respondent in a supine
position; the average of the last two readings of systolic as well
as diastolic blood pressure was used in this analysis. Depressive
symptoms were assessed using the original 20-item version of the
self-report Center for Epidemiologic Studies-Depression Scale
administered during the home interview (21). Cognitive func-
tioning was assessed by means of the Mini-Mental State Exam-
ination score (22). Identification of cardiovascular disease (in-
cluding angina pectoris, myocardial infarction, stroke, or
transient ischemic attack) and diabetes at baseline was based on
a standardized algorithm using information on self-reported his-
tory, pharmacological treatments, medical exam data, and hos-
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pital discharge records (23). As a global indicator of poor phys-
ical health, the number of other chronic diseases (including
cancer, liver disease, gastrointestinal disease, congestive heart
failure, Parkinson’s disease, peripheral arterial disease, lung dis-
ease, hip fracture, herniated disc, arthritis, osteoporosis, and
cognitive deterioration) was calculated. From urinary samples,
24-h creatinine excretion was calculated as the concentration of
creatinine (milligrams per milliliter) multiplied by the total
amount of urine volume (milliliters) collected.

Statistical analyses

Descriptive statistics were used to present sample character-
istics. Cox regression analyses were performed to assess whether
urinary cortisol levels predict the risk of all-cause, noncardio-
vascular, and cardiovascular mortality in an age- and sex-ad-
justed and a fully adjusted (age, sex, education, smoking, alcohol
intake, body mass index, waist circumference, systolic blood
pressure, diastolic blood pressure, depressive symptoms, cogni-
tive functioning, baseline cardiovascular disease, diabetes, num-
ber of other chronic diseases, 24-h urinary creatinine, and urine
volume) model. The proportional hazards assumption was
checked by including a time-to-event by cortisol interaction
term. Next, a baseline cardiovascular disease by cortisol inter-
action term was included in the above-mentioned model to test
whether associations were consistent across persons with and
without preexisting cardiovascular disease. SPSS 15.0 (SPSS Inc.,
Chicago, IL) was used for all statistical analyses. A two-sided P
value of =0.05 was considered statistically significant.

Results

Sample characteristics are shown in Table 1. Mean age of
the current sample was 74.1 (sp = 6.6) yr, 54.8% were
women, and the mean 24-h urinary cortisol level was 99.3
(sb = 48.0) ug. During an average follow-up of 5.7 (sp =
1.2) yr, 183 (21.3%) persons died, including 41 (4.8%)
who died from cardiovascular causes and 142 (16.5%)
from other causes. Table 2 shows the results of both sex-
and age-adjusted and fully adjusted Cox regression anal-
yses assessing the association between 24-h urinary cor-
tisol and all-cause, noncardiovascular, and cardiovascular
death. The proportional hazards assumption was met in
all analyses. After adjustment for sociodemographics, life-
style, and health indicators, urinary cortisol was associ-
ated with increased risk of all-cause mortality [hazard ra-
tio (HR) per sp increase = 1.17; 95% confidence interval
(CI) = 1.01-1.36]. Persons in the highest tertile of urinary
cortisol had a 1.74 (95% CI = 1.15-3.62) increased risk
of dying within 6 yr. However, this increased risk of mor-
tality was fully due to persons dying of cardiovascular
disease because urinary cortisol was not associated with
noncardiovascular mortality (HR per sp increase = 1.10;
95% CI = 0.93-1.31). In contrast, the risk of cardiovas-
cular mortality increased with increasing levels of urinary
cortisol (HR per sp increase = 1.42; 95% CI = 1.06-
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TABLE 1. Sample characteristics (n = 861)

Characteristic Mean (spb) or %

Sociodemographics

Age (yr) 74.1 (6.6)
Women 54.8
Education (yr) 5.4(3.2)
Baseline health indicators
Smoking status
Never 57.8
Former 27.5
Current 14.6
Alcohol intake (=3 drinks a day) 10.7
Body mass index 27.5(3.9)
Waist circumference (cm) 92.8(10.1)
Systolic blood pressure (mm Hg) 150.5(19.2)
Diastolic blood pressure (mm Hg) 84.0 (8.4)
Depressive symptoms (CES-D) 12.5(8.6)
Cognitive functioning (MMSE)? 26 [23-28]
Cardiovascular disease 13.0
Diabetes 12.2
Number of other chronic diseases 1.1(0.9)
Cortisol
Urine volume (ml) 1515 (570)
24-h urinary creatinine (mg) 964 (337)
24-h urinary cortisol (ug) 99.3 (48.0)
Mortality
Deceased 21.3
Noncardiovascular death 16.5
Cardiovascular death 4.8

CES-D, Center for Epidemiologic Studies Depression (scale); MMSE,
Mini-Mental State Examination.

@ Because of non-normal distribution, median [interquartile range] is
shown.

1.90). When examining urinary cortisol tertiles, persons
in the highest tertile of urinary cortisol had a five times
increased risk of dying of cardiovascular disease (HR =
5.00; 95% CI = 2.02-12.37). Next, a baseline cardiovas-
cular disease by cortisol tertile interaction term was included
in this Cox regression model but was not significant (P =
0.78). This indicated that the association between urinary
cortisol and cardiovascular mortality existed for persons
both with and without preexisting cardiovascular disease.
These findings are illustrated in Fig. 1. Compared with
persons without baseline cardiovascular disease in the
lowest tertile of cortisol, those in the highest tertile had a
6.0 times increased risk of dying over 6 yr when cardio-
vascular disease was not present at baseline (HR = 6.04;
95% CI = 2.07-17.65) and a 9.2 times increased risk
when cardiovascular disease preexisted at baseline (HR =

9.21; 95% CI = 2.48-34.25).

Discussion

The results of this study clearly show that basal cortisol
levels in an older general population predict cardiovascu-
lar death, but not other causes of mortality. Persons in the
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TABLE 2. Urinary cortisol and 6-yr all-cause and cardiovascular mortality (n = 861)

Sex- and age-adjusted?

Fully adjusted®

HR 95% Cl P HR 95% Ci P
All-cause mortality
(no. of deaths = 183)
24-h urinary cortisol® 1.07 0.92-1.24 0.37 1.17 1.01-1.36 0.03
Tertiles of 24-h urinary cortisol
First tertile (<78 pg) REF REF
Second tertile (78-111 png) 0.70-1.48 0.91 1.52 1.02-2.27 0.04
Third tertile (>111 ug) 0.78-1.61 0.54 1.74 1.15-2.62 0.009
Noncardiovascular mortality
(no. of deaths = 142)
24-h urinary cortisol® 0.99 0.84-1.19 0.95 1.10 0.93-1.31 0.27
Tertiles of 24-h urinary cortisol
First tertile (<78 ug) REF REF
Second tertile (78-111 ng) 0.87 0.57-1.31 0.50 1.29 0.83-2.02 0.26
Third tertile (>111 ug) 0.84 0.55-1.27 0.41 1.28 0.80-2.05 0.30
Cardiovascular mortality
(no. of deaths = 41)
24-h urinary cortisol® 1.31 1.01-1.72 0.05 1.42 1.06-1.90 0.02
Tertiles of 24-h urinary cortisol
First tertile (<78 ug) REF REF
Second tertile (78-111 uQg) 1.93 0.81-4.57 0.14 2.91 1.18-7.19 0.02
Third tertile (>111 ug) 2.93 1.34-6.44 0.007 5.00 2.02-12.37 0.001

2 Based on Cox regression analyses adjusted for sex and age.

b Additionally adjusted for education, smoking, alcohol intake, body mass index, waist circumference, systolic blood pressure, diastolic blood
pressure, depressive symptoms, cognitive functioning, baseline cardiovascular disease, diabetes, number of other chronic diseases, 24-h urine

creatinine, and urine volume.

“HR per sb (=48 ug) increase.

highest tertile of urinary cortisol had a 5-fold increased
risk of dying of cardiovascular disease over a 6-yr period.
This finding strongly supports the frequently hypothe-
sized link between hyperactivity of the HPA axis and car-
diovascular disease.

The HPA axis controls a set of neuroendocrine reac-
tions essential to life. When the HPA axis is activated,
CRH is released by the hypothalamus and stimulates the
pituitary to release ACTH, which in turn signals to the
adrenal cortex to release cortisol. Cortisol, in turn, exerts
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FIG. 1. Risk of cardiovascular mortality across baseline cardiovascular
disease (CVD) and urinary cortisol. Risk is based on Cox regression
analyses adjusted for sex, age, education, smoking, alcohol intake,
body mass index, waist circumference, systolic blood pressure, diastolic
blood pressure, depressive symptoms, cognitive functioning, diabetes,
number of other chronic diseases, 24-h urinary creatinine, and urine
volume.

negative feedback on the pituitary and hypothalamus to
suppress ACTH and CRH production, respectively (2).
This implies that hyperactivity of the HPA axis could be
the result of a CRH overdrive, a strong ACTH response to
CRH, a strong cortisol response to ACTH, and/or blunted
negative feedback exerted by cortisol on central glucocor-
ticoid receptors (24). It has been hypothesized that hyper-
activity of the HPA axis may be a result of frequent or
persistent stimulation (11). In particular, hyperactivity of
the HPA axis has been found as a result of chronic stress
(25) and is suggested to play a role in stress-related dis-
orders such as depression (26). In addition, aging is asso-
ciated with an increase in basal cortisol levels (27, 28) and
an increased cortisol response to challenge (29). Hyper-
activity of the HPA axis in aging might in fact be the result
of the “wear and tear” of a lifelong exposure to stress (27).

Hyperactivity of the HPA axis might exert damage to
the human body in the long run. High levels of cortisol
have been associated with several cardiovascular risk fac-
tors, such as those present in the metabolic syndrome and
atherosclerosis (5-9). Because cortisol exerts a multitude
of effects on glucose and free fatty acid metabolism, the
autonomic nervous system, the inflammatory system, and
sex and growth hormones (1-4), it is not surprising that
continuous high levels of cortisol might lead to dysfunc-
tion of these systems, which are all implicated in cardio-
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vascular disease (3, 10, 30). For instance, by activating
lipoprotein lipase and inhibiting lipid mobilization, cor-
tisol promotes the accumulation of visceral fat (1) because
visceral fat is highly sensitive to cortisol owing to a high
density of glucocorticoid receptors (31). Visceral fat, in
turn, has been shown to be an important risk factor for car-
diovascular disease (32, 33). Also, hyperactivity of the HPA
axis has been linked to the decline of immune functions
during aging, particularly among chronically stressed
older persons (34). This also may put persons at increased
risk of cardiovascular disease (30). The mineralocorticoid
receptor may play an important role in the detrimental
effects of cortisol on cardiovascular health. This receptor
is mainly occupied by cortisol, and activation of the min-
eralocorticoid receptor might promote proinflammatory
effects (35) and has been shown to promote vascular cell
calcification (36).

Thus, research has demonstrated that cortisol is asso-
ciated with cardiovascular risk factors; however, little pro-
spective evidence exists that cortisol actually predicts the
onset of cardiovascular end-points. One previous study in
the general population among middle-aged men found
that a cortisol/testosterone ratio was predictive of incident
ischemic heart disease over 16.5 yr of follow-up (16). No
effects of either cortisol or testosterone alone were found.
This study used a less reliable single measure of morning
cortisol in blood that, unlike urinary or salivary cortisol,
does not represent the biologically active cortisol and
could possibly be increased by an acute stress reaction due
to the blood draw itself. Our study within an older general
population confirms that persons with high basal levels of
cortisol are indeed at a greatly increased risk of cardio-
vascular death.

A few studies within heart patients have previously
shown that cortisol predicts subsequent events or mortal-
ity (12—-14). However, because these persons already have
disease at the time of cortisol assessment, it is hard to
determine whether cortisol is a cause or a consequence of
disease status. The results of our study show that urinary
cortisol predicted cardiovascular mortality in persons
both with and without cardiovascular disease at baseline.
This suggests that high cortisol levels are not merely a
reflection of heart disease severity and might have a direct
causal effect on cardiovascular death. On the other hand,
it is possible that among those without preexisting car-
diovascular disease, those with higher cortisol did have
worse health status. However, we adjusted for several
health indicators, and this only strengthened the associa-
tion between cortisol and cardiovascular disease.

We found that cortisol was associated with cardiovas-
cular, but not noncardiovascular, mortality. This indi-
cates that the HPA axis might have specifically damaging
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effects on the cardiovascular system and has less profound
consequences on other vital physiological systems. An-
other recent study in an older general population by
Schoorlemmer et al. (18) did find salivary cortisol, but not
serum cortisol, to be predictive of all-cause mortality over
7 yr of follow-up. This study was not able to differentiate
between causes of death. Therefore, it is possible that the
association of cortisol was only restricted to those with
cardiovascular deaths and not noncardiovascular deaths,
as in our study. The study by Schoorlemmer et al. (18),
however, did not find an association between cortisol and
the onset of nonfatal heart disease. Because heart disease
was only measured by self-report, misclassification could
have prevented the authors from detecting any association
between cortisol and heart disease. On the other hand, it
is possible that when cortisol levels are increased, a cardiac
event is more likely to result in death, which is corrobo-
rated by the finding that high cortisol levels in heart pa-
tients seem to predict mortality (12-14).

Strengths of the present study include the use of urinary
cortisol, which represents the biologically active cortisol
and can be nonstressfully measured. Furthermore, we
were able to examine the effects of cortisol on all-cause
and cardiovascular mortality in a large randomly selected
sample of the older general population, including persons
with and without cardiovascular disease. A limitation of
this study is that despite the large sample size, there were
rather few cases of cardiovascular death. Nevertheless,
even with this relatively small number of cases, strong
clinically relevant significant effects of high urinary cor-
tisol levels on cardiovascular mortality were found.

In conclusion, high cortisol levels in older persons
strongly predict cardiovascular death among persons
both with and without preexisting cardiovascular dis-
ease. The specific link with cardiovascular—and not all-
cause—mortality suggests that hyperactivity of the HPA
axis might be particularly damaging to the cardiovascular
system.
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