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Background: Increased cortisol exposure is a risk factor for coronary artery disease
(CAD). It is not clear to what degree this risk is independent from the standard modifiable
risk factors (SMuRFs) dyslipidemia, hypertension, and diabetes.

Aim: To use path analysis to test the direct and indirect association, mediated by
SMuRFs, between long-term cortisol levels measured in hair cortisol concentration (HCC)
and CAD.

Methods: Hair was sampled from patients admitted with acute myocardial infarction
(h = 208) and a population-based sample without a diagnosis or symptoms of CAD
(h = 3,134). The HCC was analyzed using radioimmunoassay and all the participants
reported whether they were diagnosed with or treated for diabetes, hypertension, and
hyperlipidemia. Path analysis was used to test to what degree the association between
logarithmized (In) HCC and CAD was direct or indirect, mediated by SMuRFs.

Results: Participants with CAD had elevated HCC compared to those without elevated
HCC [median interquartile range (IQR): 75.2 (167.1) vs. 23.6 (35.0) pg/mg, p < 0.0001].
Higher HCC was associated with diabetes, hypertension, and hyperlipidemia, which, in
turn, were associated with CAD. In path models, 80% of the association between In(HCC)
and CAD were mediated by SMuRFs, while the direct path between In(HCC) and CAD
was not statistically significant.

Conclusion: The SMuRFs diabetes, hyperlipidemia, and hypertension mediate the
association between In(HCC) and CAD. Some association between In(HCC) and CAD
did not operate via the SMuRFs considered and might have a pathway through
atherosclerosis or inflammation.
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INTRODUCTION

Coronary artery disease (CAD) is associated with the well-
known standard modifiable risk factors (SMuRFs) diabetes,
smoking, hypertension, and hyperlipidemia (1, 2). Consequently,
prevention of CAD is focused on improving SMuRFs through
modified lifestyle and by pharmacological treatment (3).
However, about 15% of patients admitted with a primary
ST-segment elevation myocardial infarction (STEMI) are
SMuRF-less, i.e., nonsmokers without a diagnosis of diabetes,
hypertension, or hyperlipidemia (2, 4-6). Notably, these SMuRF-
less patients have increased mortality after STEMI compared to
patients with SMuRFs (6). Thus, there is a need to find other
nonstandard risk factors, which may also contribute to the
development of atherosclerosis with subsequent CAD among
SMuREF-less patients (4-6).

The glucocorticoid hormone cortisol has both the direct
and indirect effects, which may increase the risk of CAD
(7). For instance, patients suffering from glucocorticoid excess
develop abdominal adiposity, dyslipidemia, hypertension, insulin
resistance, and potentially type 2 diabetes (8). Moreover, taking
prescribed glucocorticoids increase the risk of cardiovascular
disease independent of underlying disease and common
cardiovascular risk factors (9).

Cortisol has a considerable diurnal rhythmicity, which
complicates sampling of this hormone (10). To overcome this
difficulty, methods have been developed to measure cortisol levels
in hair, which give a measure of the cumulative cortisol exposure
in retrospect (11, 12). Notably, patients suffering from an acute
MI (AMI) have increased levels of cortisol in hair prior weeks
to the event compared with healthy controls (13) and patients
treated for other diseases (14). High hair cortisol concentrations
(HCCs) have also been shown among patients with the SMuRFs
diabetes (15-17), hypertension (18), and smoking (15), as well
as other cardiovascular risk factors including abdominal obesity
(19), low high-density lipoprotein (HDL)-cholesterol levels (19),
and a history of cardiovascular disease (17). Importantly,
longitudinal data suggest that higher HCC is associated with
an increased weight gain over 3 years (20). Thus, it may be
suggested that increased circulating cortisol levels, either due to
Cushing’s syndrome (8), glucocorticoid treatment (9), or other
more subtle derangements of the hypothalamic-pituitary-adrenal
(HPA) axis reflected by increased HCC (20), is a cause rather than
a consequence of obesity and SMuRFs.

Even though increased cortisol exposure seems to be a risk
factor for CAD, it is not clear to what degree this is an indirect
effect mediated by SMuRFs such as dyslipidemia, hypertension,
and diabetes or a direct effect on the development of CAD
(21). Therefore, we sought to use path analysis to test the direct
and indirect association, mediated by SMuRFs, between HCC
and CAD.

METHODS
Study Design and Participants

This was a cross-sectional study including participants from
two studies—the Stressheart study (13) and the Swedish

CArdioPulmonary Biolmage Study (SCAPIS) (22). A detailed
description and main results from the Stressheart study have been
published previously (13). The Stressheart study included 203
patients admitted with a STEMI or non-STEMI (NSTEMI) in the
southeast healthcare region of Sweden during year 2016-2019.
Patients with a hair length < 1cm, not speaking Swedish
language, and older than 65 years were excluded. The SCAPIS
study was conducted during year 2015-2018 at six universities
in Sweden. Data in this study were acquired from participants
included at Linkoping University situated in the same southeast
hospital region as in which the Stressheart study was conducted.
The SCAPIS study included men and women between 50 and
65 years of age randomly sampled from the population. In
total, 5,057 participants were included at Link6ping University
of whom 3,462 participants provided a hair sample for cortisol
analysis. Of these 3,462 participants, 155 participants reported
a history of MI (n = 46), angina (n = 25), previous coronary
artery bypass graft surgery or percutaneous coronary artery
intervention (n = 40), and chest pain when walking on flat
ground (n = 16) or uphill (n = 78), and were, therefore,
excluded. Furthermore, another 173 participants who lacked
information on history of CAD, chest pain, or smoking status
were also excluded leaving 3,134 participants from the SCAPIS
study (Figure 1). The Stressheart and the SCAPIS studies were
approved by the Regional Ethical Review Boards (Dnr 2016-
79-31, Dnr 2016-453-32, Dnr 2017-106-32, and Dnr 2010-228-
31M). All the participants gave their written informed consent
to participate.

Definition of SMuRFs

Standard modifiable risk factors were defined as having a
diagnosis of, or pharmacotherapy for, diabetes, hypertension, or
hyperlipidemia, which have been used in previous studies on
the role of SMuRFs in CAD (4-6). This was reported by the
patient in the SCAPIS study and checked in the patient file in
the Stressheart study. A total cholesterol > 5.5 mmol/l and/or
low-density lipoprotein (LDL)-cholesterol > 3.5 mmol/l was also
used to define participants with hyperlipidemia (4-6). Regular
smoking of at least one cigarette/day during the last month was
also considered as SMuRF (6). The blood pressure level and
plasma glucose level were not included in the definition, since
single measurements of these parameters were not considered
enough to firmly diagnose participants as being hypertensive or
having diabetes in either the SCAPIS or the Stressheart studies. In
total, 2,141 participants in the SCAPIS study reported having at
least one SMuRF. In the Stressheart study, 173 participants had at
least one SMuRF at the time of admission with AMI whereas 30
participants were SMuRF-less at the time of admission (Table 1).

Outcomes

The primary outcome in this study was the direct and indirect
association between HCC and CAD. A detailed description on
the hair sampling and analysis of HCC has been published
previously (13). At least 1cm of hair, which represents the
previous 4-6 weeks, was sampled from the posterior vertex
of the scalp (23). The HCC was analyzed using a competitive
radioimmunoassay (RIA), since it is suitable for small samples
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Participants in SCAPIS
Linkoping (n=5057)

Did not provide hair sample
for analysis of HCC (n=1595)

>

A 4
Provided hair sample for
analysis of HCC (n=3462)

Missing data regarding CAD
or SMuRFs (n=173)

>

A

Complete data regarding
CAD and SMuRFs (n=3289)

History of CAD or chest pain
during walking (n=155)

Participants without CAD
and complete data regarding
SMUuRFs (n=3134)

FIGURE 1| Flow diagram over included participants from the SCAPIS study.
HCC, hair cortisol concentration; CAD, coronary artery disease; SMuRF,
standard modifiable risk factor; SCAPIS, Swedish CArdioPulmonary
Biolmage Study.

of hair. Hair samples from both the Stressheart and the
SCAPIS studies were analyzed during the same time period
(2016-2019) in the same laboratory under the same protocol.
All the participants in both studies answered questionnaires with
respect to educational level, ethnicity, current pharmacotherapy,
present and previous diseases including angina, congestive heart
failure, MI, stroke, previous coronary artery bypass grafting or
percutaneous coronary intervention, diabetes, hyperlipidemia,
and if any first-degree relatives suffered from MI. Smoking
status was reported by the participant. Length, weight, waist
circumference, and blood pressure on the day of discharge
from the hospital in the Stressheart study were measured by
a nurse. In the SCAPIS study, a fasting blood sample was
drawn and plasma glucose, serum cholesterol, LDL-cholesterol,
HDL-cholesterol, and triglycerides were analyzed according to
clinical routine (22). In the Stressheart study, data on these
biochemical measures were extracted from the Swedish Web-
system for Enhancement and Development of Evidence-based
care in Heart disease Evaluated According to Recommended
Therapies (SWEDEHEART), which is a national register of
patients treated in coronary care units (24).

Statistical Analysis

All the data were checked for normal distribution. The HCC
was not normally distributed and was, therefore, logarithmically
transformed using the natural logarithm before inclusion in the
statistical models [In(HCC)]. This transformation also avoids the
long tail of raw cortisol values having undue influence on the
associations with CAD. All the continuous data were presented
as mean with SD, except for HCC, which was presented as

TABLE 1 | Characteristics of included participants grouped according to coronary
artery disease (CAD) status.

Coronary artery No coronary P-value
disease (n = 203) artery
disease
(n =3,134)
Female 56 (28) 1,994 (64) < 0.0001
Age 57.7 (6.5) 57.3 (4.4) 0.002
Educational level < 0.0001
Elementary 47 (23) 251 (8)
school
Upper 113 (56) 1,472 (47)
secondary
school
University or 43 (21) 1,406 (45)
similar
Born in Sweden 176 (87) 2,957 (94) < 0.0001
STEMI 112 (57) NA
Previous Ml 51 (26) NA
Heredity for Ml 86 (51) 205 (7) < 0.0001
Hyperlipidemia 56 (32) 255 (8) < 0.0001
Hypertension 81 (40) 570 (18) < 0.0001
Diabetes 31(16) 115 (4) < 0.0001
Active smoker 56 (28) 271 (9) < 0.0001
SMUuRFs < 0.0001
0 54 (32) 2,210 (71)
1 62 (36) 688 (22)
2 30 (18) 186 (6)
3 24 (14) 39(1)
4 1(0.6) 8(0.9)
BMI (kg/m?) 27.8 (4.4) 26.8 (4.5) < 0.0001
Waist 100 (13) 91 (13) < 0.0001
circumference
(cm)
P-glucose 7.2 (3.0 5.6 (1.1) < 0.0001
(mmol/L)
Total cholesterol 5.1(1.9) 5.5(1.0) < 0.0001
(mmol/L)
LDL-cholesterol 3.0(1.2) 3.3(0.9 < 0.0001
(mmol/L)
HDL-cholesterol 1.19 (0.40) 1.70 (0.50) < 0.0001
(mmol/L)
Triglycerides 2.1 (1.3 1.9(0.7) < 0.0001
(mmol/L)
Systolic blood 125 (17) 132 (18) < 0.0001
pressure
(mmHg)
Diastolic blood 79 (12) 83 (10) < 0.0001
pressure
(mmHg)
Hair cortisol 75.2 (167.1) 23.6 (35.0) < 0.0001
concentration
(pg/mg)

Categorical data is presented as n (%) and continuous data as mean (SD) except for the
hair cortisol concentration, which is given as median [interquartile range (IQR)]. Prevalence
of hyperiipidemia, hypertension, and diabetes were based on either a diagnosis or
pharmacological treatment. p-value denotes the significance level of the difference
between participants with and without coronary artery disease.
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TABLE 2 | Screening of potential mediators to be included in the path analysis.

Predictor Ln(HCC) Coronary artery disease

Beta P-value Odds ratio P-value
Hypertension 0.15 (0.05-0.24) 0.003 2.99 (2.22-4.01) < 0.0001
Diabetes 0.41(0.21-0.62) < 0.0001 4.82 (3.15-7.37) < 0.0001
Hyperlipidemia 0.30 (0.17-0.44) < 0.0001 5.35 (3.80-7.54) < 0.0001
Smoking 0.01 (—0.12-0.14) 0.86 4.11(2.95-5.73) < 0.0001
LDL-cholesterol —0.02 (—0.06-0.03) 0.45 0.70 (0.59-0.82) < 0.0001
HDL-cholesterol —0.31 (-0.38--0.23) < 0.0001 0.049 (0.031-0.079) < 0.0001
Triglycerides 0.14 (0.09-0.20) < 0.0001 2.16 (1.89-2.47) < 0.0001
Waist circumference 0.10 (0.07-0.13) < 0.0001 1.047 (1.037-1.058) < 0.0001
Female —0.41 (-0.49--0.33) < 0.0001 0.22 (0.16-0.30) < 0.0001
Educational level —0.04 (—0.10-0.020) 0.17 0.40 (0.33-0.50) < 0.0001

The associations were tested using univariate linear regression when logarithmized hair cortisol concentration [In(HCC)] was the outcome and univariate logistic regression when coronary
artery disease was the outcome. Male and lowest level of education (elementary school) was used as reference for these predictors. Raw beta values and hazard ratios are presented

with 95% Cls.

median (interquartile range) and discrete data as number (n)
with proportion in percent.

Group comparisons were made between participants from
the Stressheart and the SCAPIS studies (Table 1). Categorical
measures were compared using the Pearson’s chi-squared test,
while quantitative measures were compared between the groups
using the nonparametric Mann-Whitney U test.

Path analysis was used to test the direct and indirect
association between In(HCC) and CAD. The SMuRFs such
as hypertension, hyperlipidemia, and diabetes were included
as mediators, while smoking, gender, and educational level
were included as confounders. Education was treated as an
ordinal measure with elementary school as the reference. The
confounders were included, since they were unevenly distributed
between participants with and without CAD and are known risk
factors for CAD (Table 1). Due to the highly parametrized nature
of path models, some screening of potential SMuRF measures
to be included was undertaken to avoid potential estimation
problems. Collinearity was evaluated via the variance inflation
factor (VIF), although no clear problems (VIF > 10) were
identified. Since model parameter estimation did not converge,
measures were omitted one at a time based on the largest VIF
values and on a priori strength of evidence To be a potential
source of indirect association, a variable needed to be associated
with both the In(HCC) and with CAD. This analysis is reported
in Table 2 using linear regression with statistical inference via the
nonparametric bootstrap for In(HCC) and unconditional logistic
regression for CAD. Only SMuRF measures that met both the
criteria were included in path models.

The quantitative measures reflecting SMuRFs such as the
level of diastolic and systolic blood pressure, fasting plasma
glucose, serum triglycerides, HDL-cholesterol, LDL-cholesterol,
total cholesterol, and waist circumference were omitted from
the model reported in Table 3, despite meeting criteria for
inclusion, due to their correlation with SMuRFs inducing
multicollinearity. The estimated direct, indirect, and total path
coefficients (b) are shown in Table 3, along with SE and p-value.

The percentage of the association between In(HCC) and CAD
that is estimated to be indirect is calculated from indirect = total
x 100. Models were fitted in MPlus version 8 using maximum
likelihood and with inference derived via the nonparametric
bootstrap with 2,000 bootstrap samples. Components of the
paths model were estimated using link functions appropriate
to the dependent variable measurement scale, identity link for
quantitative outcomes, and logit link for binary outcomes. It is
noted that due to the cross-sectional design of this study, causal
inference cannot be made from these models and purpose of path
modeling is to understand the extent to which the associations
of interest might be operating via other factors. Any causal
modeling would require a future longitudinal study.

A p < 0.05 was considered significant in all the analyses.
Statistical analyses shown in Tables 1, 2 were performed in SPSS
version 25 and Stata version 17 for bootstrapping, while the path
model shown in Table 3 were estimated using MPlus version 8.

RESULTS

Age, Gender, Ethnicity, and Educational

Level

The mean age was 57 years among participants with and without
CAD. A greater proportion of participants with CAD were males
(72 vs. 36%, p < 0.0001). The educational level was lower among
those with CAD and although most participants were born
in Sweden, a larger proportion of participants with CAD had
another ethnicity (Table 1).

Hair Cortisol Concentrations,
Cardiovascular Risk Factors, and

Anthropometric Measurements

Participant characteristics are given in Table 1. Heredity for
MI was considerably higher among participants with CAD.
Participants with CAD also had a higher body mass index (BMI)
and larger waist circumference than participants without CAD.
The levels of fasting plasma glucose and triglycerides were higher
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TABLE 3 | Direct and indirect associations between In(HCC) and CAD.

b SE z P-value
Total 0.349 0.026 13.464 < 0.0001
Total indirect 0.280 0.062 4.508 < 0.0001
Specific indirect
Hypertension 0.058 0.015 3.812 < 0.0001
Diabetes 0.103 0.031 3.373 0.001
Hyperlipidemia 0.119 0.026 4.505 < 0.0001
Total direct 0.069 0.064 1.070 0.285

Estimates (b) are path coefficients expressing the association between the In(HCC) as
predictor and CAD as outcome either directly or indirectly via several standard modifiable
risk factor (SMuRF) measures. The total direct + total indirect = Total.

*
= 1
o))
£ 100001
S )
=4 :
§ 10004 §
: T
g 1007 T
c
: | T B
g ]
=
8 1 :
8 CAD no CAD

FIGURE 2 | Hair cortisol concentration among participants with or without
coronary artery disease (CAD). The hair cortisol concentration given on a
logarithmic scale. The line represents the median, box 25th to 75th percentile,
and whiskers 10th to 90th percentile. *p < 0.0001 for difference between the
groups.

among participants with CAD, while the systolic and diastolic
blood pressure levels as well as total cholesterol, HDL-cholesterol,
and LDL-cholesterol levels were lower. The HCC was three times
as high (p < 0.0001) among participants with CAD compared to
those without CAD (Figure 2).

Standard Modifiable Risk Factors

A total of 32% of participants with CAD had no SMuRFs,
while 71% of those participants without CAD were SMuRF-
less (Table 1). Hypertension was the most common SMuRF
independently of CAD status (Table 1). Participants with CAD
had a significantly higher number of SMuRFs compared to
participants without CAD (Table 1).

Associations Between HCC,

Cardiovascular Risk Factors, and CAD

As shown in Table2, higher In(HCC) was associated with
a diagnosis of, or treatment for, hypertension, diabetes, and
hyperlipidemia, but not active smoking. Furthermore, a higher
In(HCC) was also associated with lower HDL-cholesterol, higher
triglyceride levels, and a greater waist circumference. Being
female was associated with lower In(HCC). Ln(HCC) was

Diabetes
0.348 (0.042)
Hypertension
/02(0(3.042) ozum\
In(HCC) 0.069 (0.064) CAD
0.371 (0.052
0.321 (oh- .
Hyperlipidemia

0.174 (0.025)

Smoking Gender Education

FIGURE 3 | Path diagram over the associations between the HCC, CAD, and
standard modifiable cardiovascular risk factors. Boxes represent included
variables in the path model and arrows the estimated associations (with the SE
in parentheses) between variables in the path model. The arrow from
logarithmized HCC [In(HCC)] to CAD represents the direct association and the
others represent the indirect associations. Smoking, gender with male as
reference, and education with elementary school as reference were included

as confounders in the model.

associated with CAD [hazard ratio (HR) 1.86 (95% CI 1.68-
2.06), p < 0.0001]. An increased risk of CAD was present among
participants with hypertension, diabetes, hyperlipidemia, and
active smoking. Lower HDL-cholesterol and higher triglyceride
levels were also associated with CAD as well as a large waist
circumference, low educational level, and being male were also
associated with CAD. Notably, higher LDL-cholesterol levels
were associated with lower risk of CAD.

Direct and Indirect Associations Between

HCC and CAD

The path model, including the SMuRFs such as diabetes,
hypertension, and hyperlipidemia as mediators and smoking,
gender, and educational level as confounders, resulted in 80%
(0.280/0.349) indirect association between In(HCC) and CAD
(Figure 3). Although the direct path between In(HCC) and
CAD was not statistically significant, it was estimated that
20% of the association between In(HCC) and CAD was direct
and, therefore, did not operate via the SMuRFs considered.
Specifically, hyperlipidemia (b = 0.119), closely followed by
diabetes (b = 0.103) was the strongest indirect paths between
HCC and CAD (Figure 3).

DISCUSSION

This study shows that HCC was considerably higher among
participants with CAD compared with a healthy population-
based sample without a history or symptoms of CAD. The
In(HCC) was also strongly associated with both SMuRFs and
other cardiovascular risk factors such as abdominal obesity,
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high triglyceride levels, and low HDL-cholesterol levels. Notably,
about 80% of the association between In(HCC) and CAD
were indirect, suggesting that these cardiovascular risk factors
mediated the association between In(HCC) and CAD.

The aim of this study was to elucidate upon long-term cortisol
exposure as a risk factor for CAD. This was based upon the
fact that the SMuRFs such as hypertension, hyperlipidemia,
diabetes, and smoking, that are the major contributors of CAD,
do not explain development of CAD among all the patients
(1). About 15% of patients with a STEMI are SMuRF-less
and other risk factors, in addition to SMuRFs, have been
sought for (4-6). Since both the iatrogenic and pathological
states with cortisol excess increase cardiovascular risk, excessive
long-term cortisol exposure is a plausible cardiovascular risk
factor in addition to SMuRFs (7, 9, 25). Our results contradict
this hypothesis and suggests that the relationship between
In(HCC) and CAD is mainly indirect and mediated by SMuRFs,
rather than direct. At first sight, this might seem contradictive
to previous studies showing that patients taking prescribed
glucocorticoids have increased cardiovascular risk independent
of other cardiovascular risk factors (9) and that patients admitted
with an AMI have higher HCC prior to the event compared with
healthy controls, independent of other cardiovascular risk factors
(13, 14). However, estimation of indirect pathways does not
equate to an analysis of confounding, but rather estimates how
much of the association might be via the SMuRFs considered.
Thus, the associations between glucocorticoids and CAD,
shown previously that have been independent of cardiovascular
risk factors in regression models, do not rule out that the
cardiovascular risk factors mediated these associations (9, 13, 14,
26). The clinical implication of this finding is that the increased
cortisol levels observed among patients with CAD seems to be
more related to the SMuRFs rather than CAD. However, this
does not necessarily mean that the role of increased cortisol
levels in CAD is unimportant, since it may still increase the risk
of SMuRFs. Future longitudinal studies could provide further
insight of cause-and-effect in this relationship.

As expected, participants with CAD were mainly males,
had lower education, more heredity for MI, a higher number
of SMuRFs, larger waist circumference, higher triglyceride,
and lower HDL-cholesterol levels as well as higher fasting
plasma blood glucose compared to participants without
CAD. The total cholesterol level, LDL-cholesterol level,
and blood pressure were lower due to a higher rate of
pharmacotherapy for hypertension and hyperlipidemia.
When screening for potential mediators, several of these
quantitative measures were associated with both the In(HCC)
and CAD, qualifying for inclusion in the path model. However,
due to multicollinearity, the quantitative measures could
not be included as mediators in the final path analysis,
but gender, smoking, and educational level were included
as confounders.

The strong indirect association between In(HCC) and
CAD does not necessarily equate to a causative effect. A
longitudinal or experimental study would be needed to draw
such conclusion (26). However, one suggested mechanism
may be that glucocorticoids induce insulin resistance

and increased blood glucose levels, which are supported
by strong associations between increased HCC and the
metabolic syndrome and type 2 diabetes (16, 17, 19, 27).
Furthermore, several studies imply that individuals with
abdominal obesity, which is considered a main cause for insulin
resistance in the metabolic syndrome (28), have increased
activity in the HPA axis and, therefore, increased cortisol
output. Whether the increased cortisol output is a cause
or consequence of the abdominal obesity is, however, still
debated (29-33).

Data in this article were gathered from two different cohorts.
Importantly though, participants in both the cohorts were
living in the same geographical region, hair was sampled,
and cortisol levels analyzed under the same protocol in the
same laboratory during the same period, minimizing the risk
for systematic errors in this process. Among participants
with CAD, the hair sample was taken during the hospital
admission for AMI. Importantly, the first part of the hair strand,
reflecting the last week, is located underneath the scalp, and,
therefore, not associated with the acute stress from the AMI
(34). However, it cannot be excluded that some participants
with CAD had angina and chest pain the weeks before the
AMI, which could potentially increase stress and, thereby,
the HCC. But according to previous studies, the relationship
between subjective stress and HCC is limited and only a small
proportion of patients with AMI seems to seek medical care
due to prodromal symptoms before the actual event (35, 36).
Therefore, we consider it unlikely that the increased HCC among
patients with CAD were caused by acute stress related to the
subsequent AMI, rather than chronically elevated HCC levels.
We also note that an analysis of indirect association paths
does not literally equate to an analysis of mediation, which has
a causal interpretation and, therefore, requires a longitudinal
study design.

The diagnosis of CAD was set by the cardiologist at the
cardiology department and can, therefore, be considered of
high quality. Participants from the SCAPIS study (without
CAD) answered a questionnaire including questions on previous
MI, angina pectoris, percutaneous coronary intervention, and
coronary artery bypass grafting. Furthermore, they were asked
about symptoms of chest pain when walking. All the participants
answering yes to one of these questions were excluded.
Despite being asked explicitly, it cannot be fully granted
that none of these participants had been diagnosed with
CAD previously. Furthermore, they could have atherosclerotic
plaques in coronary arteries despite being asymptomatic. Thus,
future studies using noninvasive methods such as coronary
computational tomography to examine the prevalence of
atherosclerotic coronary artery disease, irrespective of a diagnosis
or symptoms of CAD, in relation to cortisol levels could
be of great interest. Notably, a recent study suggests that
angiographically diagnosed CAD is associated with increased
HCC, independent of other cardiovascular risk factors (37).
Furthermore, adding information on psychosocial stress would
also be interesting, since it is a risk factor for CAD (38)
and has been suggested to be linked to increased HCC as
well (39).
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In conclusion, the association between In(HCC) and CAD
is mainly indirect, mediated by SMuRFs. This suggests that
individuals with chronically elevated cortisol levels are more
likely to also have cardiovascular risk factors and, thereby,
increased cardiovascular risk. However, around 20% of the
association between In(HCC) and CAD is not explained by
SMuRFs. Therefore, future studies might also focus on the
relation between HCC and atherosclerosis or inflammation (20).
Finally, even though studies suggest that increased cortisol
levels cause obesity and metabolic dysregulation (8, 9, 20),
future longitudinal studies could investigate the cause-and-
effect relationship between increased HCC, SMuRFs, and CAD
even further.

PREVIOUS PRESENTATIONS

Part of this data focusing on a comparison of the hair cortisol
concentration among participants in the Stressheart study and
healthy controls have been published previously in Faresjo et al.
(13). This article includes more participants with coronary artery
disease and addresses the direct and indirect associations between
hair cortisol concentrations and coronary artery disease by using
path analysis, which was not addressed in the previous article.
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