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Abstract

Context: Serum cortisol may be associated with cardiovascular risk factors and mor-
tality in patients undergoing coronary angiography, but previous data on this topic are
limited and controversial.

Objective: We evaluated whether morning serum cortisol is associated with cardiovas-
cular risk factors, lymphocyte subtypes, and mortality.

Methods: This is a prospective cohort study performed at a tertiary care centre in
south-west Germany between 1997 and 2000. We included 3052 study participants who
underwent coronary angiography. The primary outcome measures were cardiovascular
risk factors, lymphocyte subtypes, and all-cause and cardiovascular mortality.

Results: Serum cortisol was associated with an adverse cardiovascular risk profile, but
there was no significant association with coronary artery disease or acute coronary
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syndrome. In a subsample of 2107 participants, serum cortisol was positively associated
with certain lymphocyte subsets, including CD16+CD56+ (natural killer) cells (P< 0.001).
Comparing the fourth versus the first serum cortisol quartile, the crude Cox proportional
hazard ratios (with 95% Cls) were 1.22 (1.00-1.47) for all-cause and 1.32 (1.04-1.67) for
cardiovascular mortality, respectively. After adjustments for various cardiovascular risk
factors, these associations were attenuated to 0.93 (0.76-1.14) for all-cause, and 0.97

(0.76-1.25) for cardiovascular mortality, respectively.

Conclusions: Despite significant associations with classic cardiovascular risk factors and
natural killer cells, serum cortisol was not a significant and independent predictor of
mortality in patients referred to coronary angiography. These findings might reflect that
adverse cardiovascular effects of cortisol could be counterbalanced by some cardiovas-

cular protective actions.

Key Words: cortisol, NK cells, inflammation, cardiovascular, mortality, prospective

The adrenal-derived hormone cortisol and related gluco-
corticoids are important to maintain homeostasis in certain
stress conditions, and they exert a variety of effects with
relevance for inflammation, metabolism, and cardiovascular
health [1-3]. Patients with Cushing syndrome, caused by ei-
ther exogenous or endogenous cortisol excess, are at signifi-
cantly increased risk of cardiovascular disease and mortality
[4-7]. Interestingly, accumulating evidence derived from epi-
demiological studies and Mendelian randomization studies
suggests that morning cortisol levels are also a causal car-
diovascular risk factor in the general population [8].

In patients with acute cardiovascular diseases, there is
a stress-induced increase in cortisol levels, but data on the
clinical significance of morning cortisol concentrations in
this setting are limited and controversial [9-14]. Clinical
studies in patients with acute coronary syndromes (ACS) or
in patients undergoing coronary angiography have shown
either a positive, negative, or no association of morning
cortisol concentrations and cardiovascular disease or mor-
tality [10-14]. From a pathophysiological point of view,
glucocorticoids are important modulators of several pro-
cesses with relevance for cardiovascular health, and they
can, depending on the microenvironment and the nature of
the stress stimulus, exert detrimental as well as beneficial ef-
fects [1-4, 10, 15-18]. In epidemiological studies, it must, of
course, be considered that activation of the hypothalamic-
pituitary-adrenal axis (HPA), resulting in high cortisol
levels, may merely reflect disease severity, so that it is chal-
lenging to disentangle the cause and effect relationship of
cortisol and clinical outcomes [10, 16]. Nevertheless, given
the central role of glucocorticoids in modulating inflam-
mation, cardiovascular risk factors, and the cardiovascular
system itself, data on cortisol levels in patients undergoing
coronary angiography are of interest, as cortisol and its
metabolism and signaling represent promising targets for
diagnostic and therapeutic approaches in cardiovascular
medicine [10, 16-20].

In the present study, we aim to evaluate in patients
referred to coronary angiography derived from the
LUdwigsahfen RIsk and Cardiovascular Health (LURIC)
study, whether morning serum cortisol concentrations
are associated with common cardiovascular risk factors,
lymphocyte subtypes (in particular, natural killer cells), and
mortality [19-21]. A special focus will be on subgroup ana-
lyses of patients with ACS, as this patient group is of par-
ticular clinical interest and might have a pronounced HPA
activation relative to patients with stable coronary artery
disease (CAD).

Methods
Study Design and Participants

The LURIC study is a prospective cohort study in pa-
tients undergoing coronary angiography [21]. Main in-
clusion criteria were clinical stability except for ACS,
availability of a coronary angiogram, and German an-
cestry (to limit genetic heterogeneity). Exclusion criteria
were any acute illness other than ACS, any chronic dis-
ease where noncardiac disease predominated, and a his-
tory of malignancy within the past § years. Design and
methods of this study have been published elsewhere [21].
Written informed consent was obtained from all study
participants and the study was approved by the ethics
committee of the Arztekammer Rheinland-Pfalz (Mainz,
Germany). From July 1997 to January 2000, 3316 par-
ticipants were enrolled in the LURIC study from the
Cardiac Centre Ludwigshafen in Southwest Germany.

Baseline Examination

Angiographic CAD was diagnosed in participants with a
visual lumen narrowing of >20% in at least 1 out of 15
coronary segments. ACS was classified in patients with
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unstable angina, non-ST-elevation myocardial infarc-
tion (NSTEMI) and ST-elevation myocardial infarction
(STEMI) as described previously [21]. Diabetes mellitus
was defined as plasma glucose 2126 mg/dL in the fasting
state and/or plasma glucose >200 mg/dL 2 hours after a
75-g oral glucose tolerance test, and/or glycated hemo-
globin (HbA1lc) > 6.5% and/or when participants were
receiving oral antidiabetic medications or insulin. Arterial
hypertension was diagnosed if the systolic and/or diastolic
blood pressure was 140 and/or 90 mmHg or higher or if
patients had a significant history of arterial hypertension.

Laboratory Measurements

Venous blood sampling was performed after overnight
fasting in the morning before coronary angiography.
Details of laboratory measurements and study proced-
ures have been published elsewhere [21, 22]. Serum cor-
tisol was measured by a solid-phase chemiluminescence
enzyme immunoassay (Cortisol-Immulite, DPC Biermann
GmbH, Bad Nauheim, Germany) on a DPC Immulite
autosampler with intra-assay and inter-assay coefficients of
variation of 6.8% to 9.0% and 9.9% to 10.3%, respect-
ively. Leukocytes were prepared by a whole-blood lyse
no-wash method according to manufacturer instructions
(Becton-Dickinson) and were further analyzed by using a
4-color flow cytometer (FACSCalibur, Becton-Dickinson)
[22]. CD3, CD4, CD8, CD16/CD56, and CD 19 surface
markers were used to identify main lymphocyte subsets and
their respective counts with fluorescent-labeled antibodies
(Becton-Dickinson, Heidelberg, Germany) [22].

Follow-Up

Information on vital status was prospectively obtained
from local registries. Follow-up of participants was until
death or until June 30, 2009 (censoring date). Two experi-
enced clinicians who were blinded to any patient character-
istics classified the causes of death based on review of death
certificates, medical records of local hospitals, and autopsy
data. Cardiovascular mortality was classified in deaths due
to cardiac and/or cerebrovascular causes. In cases of dis-
agreement or uncertainty concerning the coding of a spe-
cific cause of death, the decision was made by a principal
investigator of the LURIC study (W.M.).

Data Analysis

Baseline characteristics are presented according to serum
cortisol quartiles. Continuous data following a normal dis-
tribution are shown as means with standard deviations,
while parameters with a skewed distribution are shown as

medians with interquartile ranges. Categorical data are pre-
sented as percentages. Where appropriate, skewed variables
are log(e) transformed before they are used in parametric
analyses. Group differences across cortisol quartiles are cal-
culated by analysis of variance (ANOVA) with P for trend
for continuous parameters or by chi-square test with P for
linear-by-linear test for categorical parameters. In addition,
we use linear regression analyses with serum cortisol as the
continuous explanatory (independent) variable and cardio-
vascular risk factors or lymphocyte subtypes (total counts)
as continuous outcome (dependent) variables. These ana-
lyses are performed as crude analyses as well as with ad-
justment (forced entry) for various potential confounders.
Hazard ratios (HRs) with 95% Cls for all-cause and car-
diovascular mortality are calculated with Cox proportional
hazard models using the first cortisol quartile as the refer-
ence. These analyses are performed without any adjustment
(crude model), with adjustment for age (in years) and sex
(women/men), and with additional adjustments for various
cardiovascular risk factors. Cox proportional hazard ana-
lyses were adjusted for several a priori selected potential
confounders, including among lipids only triglycerides, as
we aim to avoid significant collinearity in our statistical
models. Mortality analyses are performed in the entire co-
hort as well as in the subgroup of patients with ACS, and
stratified by gender. A P value < 0.05 is considered statistic-
ally significant. Statistical analyses are performed by using
SPSS Version 25.0 (IBM SPSS Inc., Chicago, IL, USA).

Results

After exclusion of participants with systemic glucocorticoid
therapy and/or oral contraceptives and/or bronchodilators
(all of these drugs significantly alter cortisol levels) and/or
missing data of serum cortisol (n = 264), 3052 individuals
were eligible for analyses. In the study cohort, the mean age
was 62.5 = 10.6 years, 30% were women, and the median
serum cortisol was 21.8 (17.6 to 26.4) pg/dL.

Baseline characteristics stratified by serum cortisol
quartiles of all eligible study participants are presented in
Table 1. In general, higher cortisol concentrations were as-
sociated with an adverse cardiovascular risk profile, but
there was no significant association with CAD and ACS.
Linear regression analyses of serum cortisol and selected
cardiovascular risk factors are shown in Table 2 and yield
a significant association of serum cortisol with higher sys-
tolic blood pressure (BP), heart rate, fasting glucose, free
fatty acids, triglycerides, N-terminal pro B-type natriuretic
peptide (NT-proBNP) and lower glomerular filtration rate
according to the abbreviated Modification of Diet in Renal
Disease (GFR-MDRD) formula. In a subsample of 2107
participants, data on lymphocyte subtypes were available



Journal of the Endocrine Society, 2021, Vol. 5, No. 5

opndad onaanineu ad£1-q oid Jeuruuisi-N qNgoId-1N ‘uriordodr) Lysusap-mor “IqT

furaroadod) Ayisuap-ySiy “JQH ‘e[NUWIO] 2SLISI(] [BUAY UI 391 JO UOIBIYIPOJA PAILIAIQQE Y3 03 JUIPIOIIE eI UOEN[Y Te[NIoWO[3 ‘MYJN-YID 21nssaid poojq g Quiizus SunIsAuod uIsualoidue “JOy :SUONBIAIqqY

sageiuadiad se paruasaxd are eiep [edor108a1ed pue A[nudIAd Yig/ 01 YIGT YIM SUBIPIW S 10 UONBIAIP PIEPUEIS F SUBIW SE PAIuasaid are elep snonunuo)

LT1°0 %T9 %S°S %TS %St JuaUIIEaT) UI[NSU]
¥00°0 % 6T %6°8T %T LT %1€ sonaImIq
w80 %TLY %L 8% %9°9% %V Ly suneg
600°0 %TSS %9°S %E"TS %6°8Y S10)IqIYUI-FDY
€980 %99 %S9 %6°79 %8799 $19%20]q-e39g
ﬁxu ‘asn Ecﬁwumﬁwz

L8E0 %6°1€ %1°TE % 0€ %€°0€ % QWOIPULS ATBUOI0D INDY
£69°0 %6°LL %608 %9°9L %¥'8L % ‘oseasip A1a11e L1eu0I0)
100°0> (THOT-6TT) LbE (S16-60T) T6T (859-26) 79T (102-10T) L¥T Tu/3d gNgord-IN
€50°0 (01°8-80°T) 96'C (TELH1T) 89T (0L 11'T) 18T (89°$-80°1) S+'T /3w ‘uloxd 2anded1-D)
100°0> 81 %008 S6LF918 L'8LF0°T8 L'8LFSH8 LAUEL Ty T QIAN-YAD
100°0 6TF0 1YL LTFOTIPL 8TFECIVI 8TFVIvI 7J/[oWW ‘WNIpos WinIag
6€1°0 CO*FTY CO*FTY CO*FTY CO*FTY J/jow ‘winisselod wmrag
100°0> (0€°8-58°5) 00°~ (¥1°8-LL°S) 08°9 (66°2795°S) 09°9 (08°L-6%°S) 0S°9 0701 “S[[99 poo[q 2y
100°0> (1'S1-09) L'6 (6T1-1°S) +'8 (9°11-9%) ¥'L (9°6-8°€) T9 "Ip/3U “9U0IISOP[E BWSE[]
100°0> (40 1-15°0) TL°0 (68°0-¥¥°0) $9°0 (€8°0-1°0) 6570 (8£°0-6£70) SS°0 7J/jowiut ‘Spioe A13ey 291
100°0 (TTT-ST1) SST (L61-801) 1+1T (96T-111) #+1 (10T-S01) 9%1 "Tp/3ur ‘sapLradA[Sia],
LSS0 9¢F LI €E*911 SE* 811 cE*FGI1 Tp/3u [01219[0Y- T
100°0 Y IL*86¢ 801 * ¢'8¢ 101 * 9°8¢ 00T *LLE Tp/3w ‘[o1As3[0Yd>-TAH
$80°0 %891 %+ 0T %S°1T %T0T % “Toous JudIINy)
100°0> (8°9-9°S) %179 (9°9-9°S) %0°9 (§°9-6°6) %0°9 (§°9-6°S) %6°S % OTVIH
100°0> (STT 01 68) S6 (80T 02 ¢8) 16 (Y01 02 ¢8) 16 (701 01 08) 68 (TTp/3uw) as0on[3 Sunse,
100°0> %0°St %6°0% %L LE %0 7€ % ‘Sn[[oW $239q eI
100°0> %y LL %E VL %889 %769 9% ‘uorsualradLy [errairy
100°0> LTLF00L STILF€69 0 TL*9/9 80T 199 urwy/s1eaq ‘arer 11eay unsay
¥20°0 LIL*618 YIL*018 0'TL*+°08 YIL*L08 8H wu g drjoIserq
100°0> 8V F vl I'YC*9'1v1 8TC*00Y1 STT*88¢1 SH ww g d1j0Is£g
7000 0F*€LT 8CFTLL Y FLULT 6'€*8LT LW/3Y Xopur ssewr Apog
100°0> 8TF61:L 0€*ITL SEFYTL SEFSTL urw = uruey ‘own Surduwes
100°0> TLE $'6¢ 08¢ 9'9¢C % ‘sa[ewa |
010°0 I'0L *$°€9 Y I %0779 SOL 279 SOLFL19 s1eak 98y
100°0> (Tee-6'2L2) 0°0€ (TST670) 1'¥¢ (8°0C-8°8T) 861 (€791-L7C1) 8°%1 "Ip/31l [os1I0d wniog
9$L 09L LSL 6LL sIoqUINN

anfeA J smaenb iy, smaenb pi¢ smaenb pug smaenb 1s1 J[qerrep

wo—muuﬂﬂ—u J0S1I0D WNIdS

sa|luenp |0SIH0) wnJag 0} Buipio2oy uonendod Apnig DN 8Y1 4O SoNsLvloRIRY) duUljasey ‘L d|qeL



Journal of the Endocrine Society, 2021, Vol. 5, No. 5

Table 2. Linear Regression Analyses of Cortisol? (Explanatory Variable) With Cardiovascular Risk Factors (Outcome Variable) Showing Standardized Beta Coefficients, Their

PValue, and the R Square

Heart rate Fasting glucose® Free fatty acids® Triglycerides” GFR-MDRD NT-proBNP*

Systolic BP

0.007

0.004 -0.116; P < 0.001; R* = 0.014 0.087; P < 0.001; R? =

0.016 -0.084; P <0.001; R*
0.072 -0.084; P < 0.001; R*

0.026 0.060; P <0.001; R?
=0.082 0.068; P <0.001; R?

0.016 0.162; P <0.001; R?

0.013 0.127; P <0.001; R?
0.018 0.123; P <0.001; R?

=0.006 0.114; P<0.001;R* =
0.040 0.127; P <0.001; R?

0.075; P < 0.001; R?

Crude

0.147
0.229
0.278

0.181 0.068; P <0.001; R?

0.035 0.142; P <0.001; R?

0.136 0.111; P <0.001; R?
0.161 0.106; P < 0.001; R?

0.175 0.080; P < 0.001; R?

0.061; P < 0.001; R?

Model 2 0.065; P < 0.001; R?

Model 1

0.001; R?

0.191 0.055; P
0.241 0.039; P

0.083 0.142; P <0.001; R* = 0.105 0.077; P <0.001; R* =

0.016; R* =

0.133 -0.061; P <0.001; R*

0.025; R?

0.168 0.040; P =

=0.148 0.101; P <0.001; R?

0.067 0.090; P < 0.001; R?

0.001; R?

Model 3 0.056; P

Model 1 adjusted for age and sex.

Model 2 additionally adjusted for body mass index, current smokers, and C-reactive protein.

Model 3 additionally adjusted for fasting glucose, triglycerides, systolic blood pressure (BP), heart rate, N-terminal proB-type natriuretic peptide (NT-proBNP) and glomerular filtration rate according to the abbreviated

Modification of Diet in Renal Disease (GFR-MDRD) formula.

? logarithmically transformed variables (natural logarithm)

showing a significant positive association of serum cortisol
with CD16+CD56+ (natural killer cells) and CD3+CD8+
(T-suppressor) cell counts (see Table 3).

After a mean follow-up period of 8.95 = 2.93 years, 856
participants (28%) were deceased, and no participant was
lost with respect to vital status. In 21 participants, we could
not obtain sufficient data for classification of the cause of
death. These participants were thus excluded for analyses
on cardiovascular mortality, which included 532 (17.4%)
deaths due to cardiovascular causes. Data on Cox propor-
tional HRs (with 95% CI) for all-cause and cardiovascular
mortality according to cortisol quartiles with the first quar-
tile as the reference in the entire study cohort are shown
in Table 4. Crude analyses showed a moderately increased
mortality in the fourth compared with the first quartile, but
this effect was completely abrogated after adjustment for
various cardiovascular risk factors (see Table 4). Respective
mortality data for the subgroup of patients with ACS are
shown in Table 5 and show similar results as in the en-
tire study cohort. All of our results remained materially
unchanged when males and females were analyzed separ-
ately and when we additionally adjusted for time of blood
sampling, plasma aldosterone concentrations, or arterial
hypertension as a binary variable using the BP cutoffs of
130/80 mm Hg or 140/90 mm Hg (data not shown).

Discussion

In this large cohort of patients referred to coronary angi-
ography, we have shown that morning serum cortisol is
associated with an adverse cardiovascular risk profile and
certain lymphocyte subtypes, including natural killer cells.
The moderate significant associations of serum cortisol
with all-cause and cardiovascular mortality were com-
pletely attenuated after adjustment for cardiovascular risk
factors.

Associations of serum cortisol with common cardiovas-
cular risk factors such as BP, glucose levels, and diabetes
mellitus or dyslipidemia in our study confirm and ex-
tend previous investigations by new data on these issues
in a large cohort of patients referred to coronary angiog-
raphy [23-25]. Although we cannot prove causality from
cross-sectional associations, there is compelling evidence
from clinical and mechanistic studies that cortisol excess
may causally increase BP (eg, by altering vascular smooth
muscle cell contractility and endothelial function with im-
paired nitric oxide synthesis), disturb glucose homeostasis
(eg, by increased gluconeogenesis and insulin resistance),
and increase blood lipids (eg, by enhanced lipolysis) [2, 5,
23-25]. The associations of cortisol with these cardiovas-
cular risk factors may, however, also be partially driven by
other pathways of the human stress response, such as, for
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Table 3. Linear Regression Analyses of Cortisol? (Explanatory Variable) With Lymphocyte Subsets (Outcome Variable) Showing Standardized Beta Coefficients, Their P Value,

and the R Square

CD3+CD8+" (T-suppressor cells) CD16+CD56+“ (natural killer cells) CD19+ (B-cells)

CD3+CD4+ (T helper cells)

CD3+ (total T cells)

-0.014; P = 0.532; R? = 0.000
0.589; R?
0.558; R?

20.011; P
20.013; P

0.138; P < 0.001; R* = 0.019

0.138; P < 0.001; R?
0.141; P < 0.001; R?

=0.002; R? = 0.004
0.001; R?

0.067; P

0.989; R% = 0.000
0.890; R?
0.991; R?

0.000; P
0.003; P

0.184; R? = 0.001

0.140; R?
0.134; R?

0.029; P

Crude

0.064
0.061

0.031

0.029
0.029

0.075; P

0.047
0.047

=0.048 = =

0.032; P

Model 1
Model 2

0.039

=0.001; R?

0.076; P

0.000; P

0.049

0.032; P

Model 1 adjusted for age and sex.

Model 2 additionally adjusted for C-reactive protein.

“logarithmically transformed variables (natural logarithm)

example, increased sympathetic activity, or by other poten-
tial mediators or confounding factors, so that we must be
cautious with claiming causality for our findings [26].
Given the various proposed effects of cortisol that
may adversely affect cardiovascular risk and that include
modification of cardiovascular risk factors as well as
direct effects on the cardiovascular system, we evaluated
whether these actions translate into increased mortality
in patients with high cortisol levels [7-9]. Previous data
on this topic are sparse, controversial, and often limited
by small sample sizes and insufficient adjustments for po-
tential confounders [10-14]. Whereas Crawford et al re-
ported that higher morning cortisol concentrations were
associated with a moderately significantly increased risk
of incident cardiovascular events (fatal and nonfatal) in a
meta-analyses of general population studies (696 cases and
6680 controls; odds ratio per SD of cortisol 1.18; 95% ClI,
1.06-1.31), we extend these data by investigating data on
all-cause and cardiovascular mortality in patients referred
to coronary angiography [9]. Despite an adverse cardio-
vascular risk profile in patients with high cortisol concen-
trations at baseline, there were only moderate significant
associations of serum cortisol with increased all-cause and
cardiovascular mortality in the LURIC study. Moreover,
these associations were completely attenuated after adjust-
ments for various cardiovascular risk factors. These find-
ings could either be interpreted in the way that cortisol
is simply associated with adverse cardiovascular outcomes
by adversely affecting cardiovascular risk factors, so that
adjustments for them diminishes any association of cor-
tisol with mortality. Alternatively, our findings may also
raise the hypothesis that cortisol may exert certain car-
diovascular protective actions. This might explain why we
did not observe significant and independent associations
of cortisol with mortality outcomes despite a significant
association of cortisol with an adverse cardiovascular risk
profile. It should also be considered, that associations of
cortisol with cardiovascular risk could be partially driven
by confounding factors of, for example, other stress re-
sponse pathways, thus even leading to an overestimation
of the cortisol effect on mortality [27-29]. In support of
cardiovascular protective actions of cortisol, accumulating
evidence suggests that glucocorticoid receptor signaling in
cardiomyocytes is critical for normal heart function, and
cardiomyocyte-specific glucocorticoid receptor-knockout
mice die prematurely from cardiac hypertrophy that pro-
gresses to dilated cardiomyopathy and heart failure [2,
27-29]. In this context, there are also several reports of
patients with adrenal insufficiency who suffered from
heart failure and responded to hydrocortisone treatment
with rapid improvement of ventricular function [30].
Various other potentially beneficial effects of cortisol on
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Table 4. Hazard Ratios With 95% CI for All-Cause and Cardiovascular Mortality According to Serum Cortisol Quartiles in the

Entire Study Cohort

1st quartile 2nd quartile 3rd quartile 4th quartile
Range of values (pg/dL) <17.7 17.7 t0 21.8 21.9 to 26.4 >26.4
All-cause mortality
Study participants at risk 779 757 760 756

Number of deaths

Crude model

Model 1

Model 2

Model 3

Cardiovascular mortality
Study participants at risk
Number of deaths
Crude model

Model 1

Model 2

Model 3

200 (25.7%)
1.0 reference
1.0 reference
1.0 reference
1.0 reference

775

127 (16.4%)
1.0 reference
1.0 reference
1.0 reference

1.0 reference

204 (26.9%)
1.08 (0.89 to 1.31)
1.02 (0.84 to 1.24)
0.98 (0.81 to 1.20)
0.93 (0.76 to 1.14)
750

117 (15.6%)

0.98 (0.76 to 1.26
0.92 (0.72 to 1.19
0.91 (0.71 to 1.17

(

)
)
)
0.85 (0.65 to 1.10)

229 (30.1%)

1.24 (1.02 to 1.50)
1.23 (1.02 to 1.49)
1.17 (0.97 to 1.42)
1.02 (0.84 to 1.25)
753

134 (17.8%)

1.14 (0.89 to 1.45)
1.13 (0.89 to 1.44)
1.07 (0.84 to 1.37)
0.90 (0.70 to 1.17)

223 (29.5%)
1.22 (1.00 to 1.47)
1.17 (0.96 to 1.41)
1.14 (0.94 to 1.38)
0.93 (0.76 to 1.14)
753

154 (20.5%)

1.32 (1.04 to 1.67)
1.26 (1.00 to 1.60)
1.23 (0.97 to 1.56)
0.97 (0.76 to 1.25)

Model 1 adjusted for age and sex.

Model 2 additionally adjusted for body mass index, current smokers, and C-reactive protein.

Model 3 additionally adjusted for fasting glucose, triglycerides, systolic blood pressure, heart rate, N-terminal pro B-type natriuretic peptide (NT-proBNP) and
glomerular filtration rate according to the abbreviated Modification of Diet in Renal Disease (GFR-MDRD) formula.

Table 5. Hazard Ratios with 95% CI for All-Cause and Cardiovascular Mortality According to Serum Cortisol Quartiles in
Patients With Acute Coronary Syndromes

1st quartile 2nd quartile 3rd quartile 4th quartile
Range of values (pg/dL) <17.7 17.7 to 21.8 21.9 to 26.4 >26.4
All-cause mortality
Study participants at risk 236 230 244 241
Number of deaths 64 (27.1%) 68 (29.6%) 69 (28.3%) 83 (34.4%)

Crude model

Model 1

Model 2

Model 3

Cardiovascular mortality
Study participants at risk
Number of deaths
Crude model

Model 1

Model 2

Model 3

1.0 reference
1.0 reference
1.0 reference
1.0 reference

234

36 (15.4%)
1.0 reference
1.0 reference
1.0 reference
1.0 reference

1.13 (0.80 to 1.59)
0.99 (0.70 to 1.39)
0.96 (0.68 to 1.35)
0.93 (0.65 to 1.33)
227

41 (18.1%)

1.22 (0.78 to 1.91)
1.08 (0.69 to 1.69)
1.06 (0.67 to 1.66)
1.02 (0.64 to 1.63)

1.06 (0.76 to 1.49)
1.02 (0.72 to 1.43)
0.97 (0.69 to 1.38)
0.90 (0.63 to 1.28)
241

39 (16.2%)

1.07 (0.68 to 1.69
1.02 (0.65 to 1.61
0.98 (0.62 to 1.55

(

)
)
)
0.86 (0.54 to 1.39)

1.38 (0.99 to 1.91)
1.22 (0.88 to 1.70)
1.19 (0.85 to 1.65)
1.03 (0.73 to 1.46)

241
60 (24.9%)

1.77 (1.17 to 2.68)
1.57 (1.04 to 2.38)
1.51(0.99 to 2.31)
1.28 (0.82 to 2.00)

Model 1 adjusted for age and sex.
Model 2 additionally adjusted for body mass index, current smokers, and C-reactive protein.

Model 3 additionally adjusted for fasting glucose, triglycerides, systolic blood pressure, heart rate, N-terminal pro B-type natriuretic peptide (NT-proBNP) and
glomerular filtration rate according to the abbreviated Modification of Diet in Renal Disease (GFR-MDRD) formula.

cardiovascular diseases such as certain anti-atherosclerotic
or anti-inflammatory properties have been described [9,
16]. By contrast, glucocorticoids can also activate the min-
eralocorticoid receptor, the target receptor for aldosterone,

and this activation of mineralocorticoid receptors is con-
sidered to be largely detrimental for cardiac health, as evi-
denced by the survival benefit of mineralocorticoid receptor
antagonists such as spironolactone in patients with heart
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failure [27-31]. While the enzyme 11B-hydroxysteroid de-
hydrogenase type 2 (11p-HSD2) converts cortisol to its
inactive metabolite cortisone in many organs such as eg,
the kidney, 113-HSD2 expression is almost undetectable in
cardiomyocytes [18]. Therefore, cortisol, which circulates
at 100- to 1000-fold higher concentrations compared to
aldosterone, is not inactivated in cardiomyocytes allowing
signaling through both glucocorticoid receptors and min-
eralocorticoid receptors in the heart [18]. Interestingly,
there was no significant association of cortisol with CAD
or ACS in the LURIC cohort, supporting the hypothesis
that adverse cardiovascular effects of cortisol on classic
cardiovascular risk factors might hypothetically be coun-
terbalanced by some cardioprotective actions of cortisol
translating in an overall neutral effect on cardiovascular
diseases. Therefore, and according to the allostasis con-
cept, in patients with adrenal insufficiency and hydrocor-
tisone replacement therapy as well as in patients suffering
from cardiovascular diseases, deviations from an optimal
hydrocortisone dose or optimal HPA activation in either
direction might be detrimental if the cortisol level is inad-
equately high or low with reference to the prevailing stress
condition [25]. A better characterization of the role of cor-
tisol in cardiovascular diseases may thus have diagnostic
and therapeutic implications to optimize glucocorticoid
actions [18, 25, 29].

Considering the crucial role of cortisol in modulating
the immune system, we also evaluated associations of
cortisol with circulating lymphocyte subtypes and ob-
served significant positive associations with counts of
CD16+CDS56+ (natural killer) cells and CD3+CD8+ cells,
which were formerly termed T-suppressor cells [19, 20,
28]. Natural killer cells are of particular importance as
their function is significantly decreased in primary adrenal
insufficiency and because they are considered to play an
important immunoregulatory role in atherogenesis with
potential proatherogenic but also some anti-atherosclerotic
actions [19, 20, 32]. It is therefore challenging to interpret
and discuss the clinical significance of the association be-
tween cortisol and natural killer cell counts. Nevertheless,
this relationship was highly significant and clearly deserves
further in-depth studies to confirm and characterize the as-
sociation between cortisol and natural killer cells and their
functions in the context of cardiovascular diseases [32, 33].
Apart from this, the link between cortisol and natural killer
cells may also be relevant for infectious diseases such as
COVID-19 [34].

Our findings are limited because we investigated a spe-
cific patient cohort, so our findings may not be generaliz-
able to other patient groups or the general population.
Moreover, the observational nature of our study design

precludes definite conclusions regarding causality. We are
well aware that morning cortisol concentrations are not an
optimal tool for assessment of cortisol status as there are
significant fluctuations, but previous investigations have
indicated that morning serum cortisol concentrations are
an acceptable diagnostic parameter, and in some studies
plasma morning cortisol was even more closely associated
with cardiovascular risk factors than 24-hour urinary cor-
tisol [9, 35]. We also have to acknowledge that the lympho-
cyte subtyping in our study is lacking some advanced tools
for further characterizations of phenotypes and activity,
thus limiting our conclusions on this topic [19, 20, 33, 34].
Furthermore, serum cortisol was measured by an immuno-
assay and not by a gold standard method, but given that
we observed well-established associations of serum cortisol
with parameters such as classic cardiovascular risk factors
or leukocytes suggests an accurate validity of our measure-
ments and methods. Classification of the causes of death
by reviewing death certificates may be another limitation of
our investigation.

The main strengths of our study are the well-characterized
and large patient cohort, allowing for multivariate-adjusted
models and novel data on endogenous serum cortisol and
lymphocyte subtypes in patients referred to coronary
angiography.

In conclusion, we have shown in a large cohort of
patients referred to coronary angiography that serum
cortisol concentrations are associated with an adverse
cardiovascular risk profile, including classic cardiovas-
cular risk factors and natural killer cells. There was a
moderate significant association of serum cortisol with
higher mortality that was completely attenuated after ad-
justment for cardiovascular risk factors. Whether these
findings indicate that adverse cardiovascular effects of
cortisol are counterbalanced by beneficial actions of cor-
tisol on cardiovascular health deserves further in-depth
studies.
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