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ABSTRACT

Objective Patients with stress-related disorders and
anxiety are at increased risk of developing cardiovascular
disease. However, the risk of out-of-hospital cardiac arrest
(OHCA) is scarcely investigated. We aimed to establish
whether long-term stress (post-traumatic stress disorder,
adjustment disorder) or anxiety is associated with OHCA in
the general population.

Methods We conducted a nested case—control study in

a nationwide cohort of individuals between 1 June 2001
and 31 December 2015 in Denmark. Cases were OHCA
patients with presumed cardiac causes. Each case was
matched by age, sex and date of OHCA with 10 non-OHCA
controls from the general population. HRs for OHCA were
derived from Cox models after controlling for common
OHCA risk factors. Stratified analyses were performed
according to sex, age and pre-existing cardiovascular
disease.

Results We included 35195 OHCAs and 351950 matched
controls (median age 72 years; 66.8% male). Long-term
stress conditions were diagnosed in 324 (0.92%) OHCA
cases and 1577 (0.45%) non-OHCA controls, and were
associated with higher rate of OHCA (HR 1.44, 95%Cl 1.27
to 1.64). Anxiety was diagnosed in 299 (0.85%) OHCA
cases and 1298 (0.37%) controls, and was associated
with increased rate of OHCA (HR 1.56, 95% CI1.37 to
1.79). We found no interaction with sex, age or history of
cardiovascular diseases.

Conclusion Patients with stress-related disorders or
anxiety have an increased rate of OHCA. This association
applies equally to men and women and is independent
from the presence of cardiovascular disease. Awareness
of the higher risks of OHCA in patients with stress-related
disorders and anxiety is important when treating these
patients.

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is a
leading cause of mortality and is estimated to
be accountable for 20% of all natural deaths
and for up to 50% of all cardiovascular deaths
in the affluent world." OHCA predominantly
results from lethal cardiac arrhythmias
(ventricular tachycardia/ventricular fibril-
lation) that occur most frequently in the

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with stress-related disorders and anxiety
are at increased risk of developing cardiovascular
disease. However, the risk of out-of-hospital cardiac
arrest (OHCA) is scarcely investigated.

WHAT THIS STUDY ADDS

= We estimated overall and stratified HRs of OHCA
associated with long-term stress conditions (ie,
post-traumatic stress disorder, adjustment disorder)
or anxiety using a large cohort that was specifically
designed to study OHCA in the general Danish pop-
ulation (total 35195 cases with OHCA).

= Stress-related disorders or anxiety are associated
with an increased rate of OHCA. This association ap-
plies equally to men and women and is independent
from the presence of cardiovascular disease.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study raises awareness of the higher risks of
OHCA and early risk monitoring to prevent OHCA in

patients with stress-related disorders and anxiety.

setting of coronary heart disease.” Increasing
evidence, however, demonstrates that OHCA
also increases by non-cardiac diseases.”
Stress-related disorders and anxiety are
associated with multiple types of cardiovas-
cular diseases’ ® and previous studies show
an overrepresentation of these disorders
among victims of cardiac arrest.* 1! Dysreg-
ulation of cardiac ion channels by the auto-
nomic nervous system, in particular through
sympathovagal imbalance, in combination
with unhealthy lifestyle (ie, smoking, poor
diet, lower physical activity) and metabolic
abnormalities (ie, hypercholesterolaemia,
immune dysregulations) are proposed as
underlying mechanisms.*?'? Previous studies
on OHCA, however, are limited by the inclu-
sion of low number of cardiac arrests,G"8 12
retrieve data from selected populations®™? or
use in-hospital diagnosis to identify cardiac
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arrest patients.* The latter may result in important inclu-
sion bias by omitting OHCA patients who died prior
to hospital admission. Thus, data on the risk of OHCA
in large, unselected cohort of patients with OHCA are
sparse. Filling this knowledge gap is needed considering
the low survival chances after cardiac arrest in these
patients.'” Accordingly, using a large unselected cohort of
patients with OHCA from the Danish health registries, we
investigated whether long-term stress conditions (ie, post-
traumatic stress disorder, adjustment disorder) or anxiety
were associated with OHCA in the general population.
We stratified according to sex, age and cardiovascular
disease (ischaemic heart disease, heart failure) to iden-
tify which risk factor confers the highest risk of OHCA in
patients with long-term stress conditions or anxiety.

METHODS

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Study design and population

We conducted a nested case—control study in a nation-
wide cohort of individuals in the period between 1 June
2001 and 31 December 2015. Cases were patients who
suffered OHCA with presumed cardiac causes from the
Danish Cardiac Arrest Registry (DANCAR). We excluded
OHCAs with obvious non-cardiac causes (eg, drug intox-
ication/overdose, drowning, trauma). Each OHCA case
was matched using risk set matching based on age, sex
and the index date (date of OHCA) with 10 non-OHCA
controls who were alive on the index date from the
general population, a study design used previously by this
research group.

Data sources

Data for this study were obtained from the Danish nation-
wide registries that have been described previously.'* '°
In short, records at an individual patient level across the
registries were cross-linked by the unique identifica-
tion number that is allocated to each Danish citizen at
birth or immigration. By doing so, it is possible to follow
each Danish citizen longitudinally with respect to death,
immigration, drug use and all inpatient and outpatient
hospital contacts, allowing large-scale research with
nationwide coverage. This study was based on data from
the following registries: (1) the Danish Civil Registry
containing information on date of birth, sex, immigra-
tion and emigration; (2) the Danish National Patient
Registry containing data on all hospital diagnoses, proce-
dures and operations coded according to the Interna-
tional Classification of Diseases 10th revision (ICD-10);
(3) the National Prescription Register containing infor-
mation on complete drug-dispensing records classified
according to the Anatomical Therapeutic Chemical clas-
sification code (ATC code); (4) the Danish Registry of
Causes of Death providing information about primary

and contributing causes of death; (5) The Danish
Psychiatric Central Research Register providing infor-
mation on psychiatric hospitalisations and ambulatory
contacts and (6) the DANCAR holding high-quality data
on all OHCAs in Denmark since June 2001 according
to the Utstein guidelines.'* The OHCA data have been
systematically collected and reported by the emergency
medical services (EMS) personnel to the DANCAR. An
OHCA is included when a clinical condition of cardiac
arrest results in cardiopulmonary resuscitation either
by bystanders (with activation of EMS personnel) or by
EMS personnel. The capture of OHCA cases is nearly
complete because the EMS is activated for all clinical
emergencies in Denmark and are obliged to fill out a
case report for every attended OHCA providing infor-
mation on important factors related to the OHCA. The
presumed cause of OHCA was retrieved from the death
certificates and discharge diagnosis codes. OHCAs with
diagnosis codes for cardiac disease, unknown disease or
unexpected collapse were classified as being of presumed
cardiac cause. These registries have been used previously
by this research group.'*°

Exposure of interest

We identified patients with long-term stress disorders
(ICD: F43.1, F43.2) or anxiety (ICD: F40, F41) using the
diagnosis codes from hospital admissions or ambulatory
contacts registered the Danish National Patient Register
or Danish Psychiatric Central Research Register up to
10 years prior to index date. Post-traumatic stress disor-
ders (ICD: F43.1) and adjustment disorders (ICD: F43.2)
comprised the long-term stress condition. The presence
of long-term stress disorders or anxiety was defined as
mutually exclusive and was analysed separately.

Covariates

The following well-known risk factors of OHCA were
identified up to 10 years prior to index date: heart failure,
ischaemic heart disease, cerebrovascular disease, atrial
fibrillation, peripheral artery disease, diabetes mellitus
and depression. Since the diagnosis code of diabetes
mellitus has a low sensitivity in the Danish registries,
the presence of diabetes was defined using redeemed
prescription of glucose-lowering drugs within 6 months
prior to index date as done previously.'* !> Concomitant
drug treatment was defined as one or more redeemed
prescription at any pharmacy in Denmark up to 6 months
prior to index date. We assessed the following drug use:
beta-blockers, calcium-channel blockers, diuretics, renin—
angiotensin system inhibitors, diuretics, antithrombotics,
nitrates, Vaughan-Williams class I or III antiarrhythmic
drugs, anxiolytics, antidepressants and QT-interval
prolonging drugs. Drugs with QT-prolonging potential
were defined using the CredibleMeds list.'” For anti-
microbial drugs with QT-interval prolonging potential
drugs, we shortened the exposure time to 14 days before
the index date as these drugs are generally prescribed for
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shorter periods. An overview of all the used ICD-10 and
ATC-codes are provided in online supplemental table 1.

Statistical analyses

We used Cox proportional regression model to estimate
the association between long-term stress disorders and
the rate of OHCA, and between anxiety and the rate of
OHCA, by calculating the HR and the associated 95% CI.
We calculated both crude estimates (unadjusted analysis)
and adjusted estimates by performing multivariable anal-
ysis adjusted for the following prespecified confounders:
heart failure, ischaemic heart disease, cerebrovascular
disease, atrial fibrillation, peripheral artery disease,
diabetes mellitus, depression and the use of QT-pro-
longing drugs. We further investigated the relation of
long-term stress or anxiety with OHCA by stratifying
according to sex and age. Next, to investigate a possible
confounding effect by the presence of cardiovascular
disease, we studied the relation of long-term stress condi-
tions or anxiety with OHCA stratified according to the
presence of cardiovascular disease. By performing strati-
fied analyses according to cardiovascular disease our orig-
inal matching was lost, hence we additionally adjusted for
age and sex in our model as we did previously."* '* The
presence of interaction on a multiplicative scale between

our exposure of interest and sex, age and cardiovascular
disease was estimated by consecutively including the cross-
product of the two factors as a variable in the model. A
two-tailed p<0.05 was considered indicative of significant
difference among groups. Next, the relationship between
the exposure of interest (ie, long-term stress disorders,
anxiety) and OHCA was studied in individuals without
the comorbidities from table 1 (ie, cardiovascular comor-
bidities, depression) and without the use of cardiovas-
cular drugs, QT-prolonging drugs and antidepressants.
Finally, we compared whether patient characteristics
or concomitant medication use was different between
the exposure categories among cases. The study popu-
lation was described as cases and controls using the y’
test for categorical variables and the Mann-Whitney test
for continuous variables. For this study, we used the same
dataset as we for our previous studies.'* ' Therefore,
table 1 with baseline characteristics in this study is largely
overlapping with table 1 of our previous studies.'* '’

RESULTS

Patient characteristics

The study population consisted of 35195 OHCAs with
presumed cardiac causes and 351950 matched controls

Table 1 Baseline characteristics of the study population

OHCA cases (n=35.195)

Non-OHCA controls (n=351.950)

Age (years), median (IQR) 72 (62-81)
Male sex, n (%) 23.519 (66.82)
Comorbidity, n (%)
Heart failure 7.136 (20.28)
Ischaemic heart disease* 9.316 (26.47)
Cerebrovascular disease 4.910 (13.95)
Atrial fibrillation 6.102 (17.34)
Peripheral artery disease 3.914 (11.12)
Diabetes mellitus 5.330 (15.14)
Depression 1.853 (5.26%)
Concomitant pharmacotherapy, n (%)
Renin-angiotensin system inhibitors 13.105 (37.24)
Beta blockers 8.569 (24.35)
Diuretics 17.516 (49.77)
Calcium channel blockers 6.978 (19.83)
Nitrates 3.962 (11.26)
Antiarrhythmic drugs class 1 or 3 675 (1.92)
Antithrombotics 16.075 (45.67)
Anxiolytics 4.201 (11.94)
Antidepressants 6.433 (18.28)
QT-prolonging drugs 5.857 (16.64)

Numbers are number (%) unless indicated otherwise.
*Including acute myocardial infarction.
OHCA, out-of-hospital cardiac arrest.

72 (62-81)
235.190 (66.82)

17.285 (4.91)
41.992 (11.93)
30.224 (8.59)
26.850 (7.63)
15.798 (4.49)
27.095 (7.70)
9.252 (2.63%)

89.481 (25.42)
52.878 (15.02)
107.869 (30.65)
55.877 (15.88)
14.416 (4.10)
1.887 (0.54)
102.020 (28.99)
22.531 (6.40)
37.887 (10.76)
28.932 (8.22)
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OHCA (2001-2015)
n= 48.868

Excluded
Presumed non-cardiaccause or undefined
cause of arrest
N=13.673

e —

Matching 1:10
on age, sexand date
of OHCA

Matched controls based on

age, sex and index-date from

the Danish population
N=351.950

cardiac causes

OHCA from presumed
N=35.195

Figure 1 Flow chart of patient inclusion OHCA, out-of-
hospital cardiac arrest.

without OHCA from the general population (figure 1).
The median age was 72 years and 66.8% were male
(table 1). The prevalence of comorbidities was higher
among OHCA cases compared with non-OHCA controls.
Likewise, use of cardiovascular drugs and QT-prolonging
drugs was more prevalent among OHCA cases than in
non-OHCA controls.

Estimated HRs of OHCA for stress-related disorders and
anxiety in the general population

Long-term stress conditions were diagnosed in 324
(0.92%) OHCA cases and 1577 (0.45%) non-OHCA
controls, and were associated with higher rate of OHCA
after adjustments for common OHCA risk factors (HR
1.44, 95% CI 1.27 to 1.64, table 2). Both post-traumatic
stress disorder (HR 1.80, 95% CI 1.13 to 2.86) and adjust-
ment disorders (HR 1.42, 95%CI 1.24 to 1.63, online
supplemental table 2) were independently associated
with increased OHCA rate. Anxiety was diagnosed in
299 (0.85%) OHCA cases and 1298 (0.37%) non-OHCA
controls and was associated with increased rate of OHCA
(HR 1.56, 95% CI 1.37 to 1.79, table 2). Our results did
not change significantly when also adjusting for the use
of anxiolytics and antidepressants. When we studied the
prevalences of concomitant medication use or comorbid-
ities in the different exposure categories among cases, we
found that depression was more frequent among patients
with long-term stress and anxiety than individuals with
neither of the two diagnoses. Also, patients with long-
term stress and anxiety more often used anxiolytics, anti-
depressants and QT-prolonging drugs (online supple-
mental table 3).

STRATIFIED ANALYSES

Stratified analyses according to sex showed that OHCA
rate was increased both in women (HRM%lcrm e 144,
95%CI 1.18 to 1.76; HR . 1.73, 95%CI 1.44 to 2.07)
and in men (Hleg’lcrm e 14D, 95%CI 1.22 to 1.72;
HR_ .. 1.39,95%CI 1.13 to 1.69), and that this OHCA
rate was not significantly different between the groups (p
value interaction: stress-related disorders: 0.6594, anxiety:
0.1895, table 3). Stratification according to age showed
that the estimates for the association between long-term
stress disorders and OHCA rate, and between anxiety
and OHCA rate, did not differ significantly between
the age groups (p value interaction: stress-related disor-
ders: 0.0639, anxiety: 0.5647, table 4). Finally, when we
performed stratified analyses according to the presence
of cardiovascular disease, we observed no statistically
significant difference in OHCA rate between patients
with and without cardiovascular disease (p value inter-
action: stress-related disorders=0.8973, anxiety=0.5988,
table 5). Similarly, the HRs did not vary significantly by
the presence of ischaemic heart disease or heart failure
(online supplemental tables 4 and 5). Finally, the HRs
remained elevated when we studied the association with
OHCA of long-term stress conditions and anxiety in indi-
viduals without the comorbidities from table 1 (ie, cardi-
ovascular comorbidities, depression) and without the use
of cardiovascular drugs, QT-prolonging drugs and antide-
pressants (online supplemental table 6).

DISCUSSION

In this study, we showed that long-term stress disorders
(post-traumatic stress and adjustment disorders) or
anxiety were associated with increased OHCA rate in the
general population. The association persisted when the
outcome was corrected for common OHCA risk factors.
This association applied to men and women and was inde-
pendent from the presence of cardiovascular disease.

Comparison with previous studies

Stress-related disorders and OHCA

Our finding that stress-related disorders or anxiety were
associated with increased rate of OHCA are supported
by previous studies.”* A case—control study showed that
cardiac arrest patients had experienced a higher number

Table 2 HR of out-of-hospital cardiac arrest (OHCA) in patients with long-term stress conditions or anxiety as compared with

patients with neither of the two diagnoses

Cases Controls Crude HR Adjusted HR
(n=35.195) (n=351.950) (95% Cl) (95% Cl)
Neither of the two diagnoses  34.531 (98.11%) 348.937 (99.14%) Reference Reference
Long-term stress 324 (0.92%) 1.577 (0.45%) 2.08 (1.85 t0 2.35) 1.44 (1.27 to 1.64)
Anxiety 299 (0.85 %) 1.298 (0.37%) 2.34 (2.06 to 2.65) 1.56 (1.37 to 1.79)
Both diagnoses 41 (0.12%) 138 (0.04%) 3.03 (2.14 t0 4.30) 2.00 (1.38 10 2.89)

Numbers in table are number (%) unless indicated otherwise. HR adjusted for presence of cardiovascular disease, depression and the use of

QT-prolonging drugs.
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Table 3 HR of out-of-hospital cardiac arrest (OHCA) in patients with long-term stress conditions or anxiety: stratification

according to sex

Cases Controls Crude HR Adjusted HR
(n=35.195) (n=351.950) (95% ClI) (95% ClI)
Woman 11.676 116.760
Neither of the two 11.343 (97.15%) 115.360 (98.80%) Reference Reference
diagnoses
Long-term stress 141 (1.21%) 653 (0.56%) 2.21 (1.84 10 2.66) 1.44 (1.18 t0 1.76)
Anxiety 168 (1.44 %) 667 (0.57%) 2.57 (2.17 10 3.04) 1.73 (1.44 t0 2.07)
Both diagnoses 24 (0.21%) 80 (0.07%) 3.08 (1.95 10 4.87) 2.05(1.26 10 3.32)
Men 23.519 23.5190
Neither of the two 23.188 (98.59%) 233.577 (99.31%) reference reference
diagnoses
Long-term stress 183 (0.78%) 924 (0.39%) 2.00 (1.70 t0 2.34) 1.45(1.22101.72)
Anxiety 131 (0.56 %) 631 (0.27%) 2.10 (1.74 10 2.53) 1.39 (1.13t0 1.69)
Both diagnoses 17 (0.07%) 58 (0.02%) 2.97 (1.73105.10) 1.93 (1.09 to 3.41)

Numbers in table are number (%) unless indicated otherwise. HR adjusted for presence of cardiovascular disease, depression and the use of

QT-prolonging drugs.

P value interaction: long-term stress=0.6594, anxiety=0.1895, both diagnoses=0.9865.

of major life events in the year prior to the cardiac arrest
than had matched controls, and that experiencing major
life events were associated with a higher risk of cardiac
arrest.’ These findings were supported by a case-crossover
study, where higher occurrence of major life events in
the month compared with the previous 5 months prior to
cardiac arrest was reported.” In contrast, a case—control
study in 81 American women described no difference in
experiencing stressful life events within 6 months prior to
cardiac death compared with matched controls, although
cases experienced more often the death of a significant
other than matched controls.® Previous studies, however,
had limited sample size.®® Also, the presence of stressful

life event was based on interview with spouses or family,
thereby increasing the risk of information bias. Finally,
Song et al investigated the risk of cardiovascular disease,
including cardiac arrest, in a large cohort of 136637
patients with stress-related disorders compared with
matched controls, and found a significant higher risk of
cardiac arrest in those with stress-related disorders.* The
study, however, relied solely on inpatient and outpatient
diagnosis to define cardiac arrest, and omitted patients
who died before reaching the hospital. Such inclusion
criteria may result in important inclusion bias, particu-
larly since psychiatric disorders have been associated
with lower survival rates after OHCA." In our study, the

Table 4 HR of out-of-hospital cardiac arrest (OHCA) in patients with long-term stress conditions or anxiety: stratification

according to age

Cases Controls Crude HR Adjusted HR
(n=35.195) (n=351.950) (95% Cl) (95% Cl)
Age <65 years 11.444 114.440
Neither of the two diagnoses 11.071 (96.74%%) 112.930 (98.68%) reference reference
Long-term stress 209 (1.83%) 873 (0.76%) 2.45(2.10 to 2.85) 1.51 (1.27 10 1.79)
Anxiety 135 (1.18%) 554 (0.48%) 2.50 (2.07 t0 3.02) 1.42 (1.15t0 1.75)
Both diagnoses 29 (0.25%) 83 (0.07%) 3.60 (2.36 t0 5.50) 1.72 (1.07 t0 2.75)
Age >65 years 23.751 237.510
Neither of the two diagnoses 23.460 (98.77%) 236.007 (99.37%) reference reference
Long-term stress 115 (0.48%) 704 (0.30%) 1.64 (1.35 t0 2.00) 1.09 (0.89 to 1.35)
Anxiety 164 (0.69 %) 744 (0.31%) 2.22 (1.87 10 2.63) 1.51 (1.26 to 1.81)
Both diagnoses 12 (0.05%) 55 (0.02%) 2.20 (1.18t0 4.11) 1.56 (0.81 t0 3.02)

Numbers in table are number (%) unless indicated otherwise. HR adjusted for presence of cardiovascular disease, depression and the use of
QT-prolonging drugs.

P value interaction: long-term stress=0.0639, anxiety=0.5647, both diagnoses=0.6069.
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Table 5 HR of out-of-hospital cardiac arrest (OHCA) in patients with long-term stress conditions or anxiety: stratification

according to cardiovascular disease

Cases Controls Crude HR Adjusted HR
(n=35.195) (n=351.950) (95% Cl) (95% ClI)
Present 18.965 104.524
Neither of the two diagnoses 18.604 (98.10%) 103.424 (98.95%) Reference Reference
Long-term stress 165 (0.87%) 519 (0.50%) 1.77 (1.48 t0 2.11) 1.13 (0.94 to 1.36)
Anxiety 178 (0.94 %) 533 (0.51%) 1.86 (1.57 t0 2.20) 1.36 (1.13 t0 1.63)
Both diagnoses 18 (0.09%) 48 (0.05%) 2.09 (1.21 to 3.58) 1.28 (0.72 t0 2.27)
Absent 16.230 247.426
Neither of the two diagnoses 15.927 (98.13%) 245.513 (99.23%) Reference Reference
Long-term stress 159 (0.98%) 1.058 (0.43%) 2.32 (1.96 t0 2.74) 1.59 (1.34 t0 1.89)
Anxiety 121 (0.75 %) 765 (0.31%) 2.44 (2.01 to 2.96) 1.64 (1.35 t0 2.00)
Both diagnoses 23 (0.14%) 90 (0.04%) 3.94 (2.49 10 6.23) 2.33(1.46 10 3.73)

Numbers in table are number (%) unless indicated otherwise. HR adjusted for presence of cardiovascular disease, depression and the use of
QT-prolonging drugs. Furthermore, by conducting stratified analyses according cardiovascular disease, the original matching on age and sex

was lost. Therefore, HRs were additionally adjusted for age and sex.

P value interaction: long-term stress=0.8973, anxiety=0.5988, both diagnoses=0.1667.

capture of OHCA is nearly complete due to our collab-
oration with all EMS departments. This allowed us to
enrol both patients who survived to hospital admission
and those who died before reaching the hospital, thereby
minimising inclusion bias by the use of an unselected
cohort of OHCA patients. Further, misclassification of
the outcome may have occurred in the study by Song et
al* since the cohort was not specifically designed to study
OHCA and properly adjudicating OHCA victims is chal-
lenging.

Anxiety and OHCA

Our finding that anxiety was associated with higher rate
of OHCA is in line with a previous study reporting a trend
towards an increased risk of sudden cardiac death associ-
ated with high anxiety scores in a sample of women with no
history of cardiovascular disease or cancer.” Other studies
of men with anxiety have described that high anxiety
scores were associated with increased risk of sudden
cardiac death.'” "' These previous studies, however,
included small number of cardiac arrest patients,”! and
no adjustments for important risk factors of OHCA, such
as heart falilulre,10 1 Qiabetes mellitus'! and/or QT-pro-
longing drugs,”" were performed. Finally, studies in
populations at risk for OHCA are equivocal. One study
showed that anxiety was associated with an increased
risk of ventricular arrhythmias 1year after ICD implan-
tation,'” while another study reported no association
between anxiety and ventricular arrhythmias. 17

Are long-term stress conditions and anxiety independent risk
factors for OHCA?

Numerous studies demonstrated associations of stress-
related disorders or anxiety with cardiovascular outcomes
such as myocardial infarction, heart failure and cerebro-
vascular disease.*” These disease states might be biological

mediators in the causal pathway of OHCA. Consequently,
these disorders could contribute, to some extent, to
increased OHCA rate associated with stress-related disor-
ders and anxiety observed in our study. Nevertheless,
both stress-related disorders and anxiety remained signif-
icantly associated with OHCA after controlling for these
variables in the multivariable analyses, suggesting that
it is unlikely that traditional risk factors of OHCA alone
explain this relationship. Moreover, the elevated OHCA
rate associated with stress-related disorders and anxiety
in subjects without cardiovascular disease provides addi-
tional support for the notion that both stress-related
disorders and anxiety may be directly related to OHCA.
The relation between stress and anxiety with sudden
death has been long established'’ ' '® and is likely medi-
ated by the activity of the sympathetic autonomic nervous
systern.19 20 Indeed, a decrease in heart rate variability is
a measure for an increase of the activity of the sympa-
thetic nervous system and has been used as a biomarker
for the increased risk of cardiac mortality.”’ On the other
hand, treatment with B-adrenoceptor blocking drugs is
recommended to reduce cardiac mortality and prevent
ventricular tachyarrhythmias.”® The exact mechanistic
explanation of the proarrhythmic effects of increased
sympathetic activity on the heart is still incompletely
known. Increased sympathetic neural activity leads to an
increase in heart rate, release of neurotransmitters into
the circulation and local release of neurotransmitters in
the heart.””* Each of these factors may potentially influ-
ence cardiac electrophysiology and facilitate ventricular
arrhythmias and OHCA.” ** Local release of catechol-
amines is related to changes in local action potential
duration. The local effects have a sidedness, with stim-
ulation of the left stellate ganglion leading to first a
short increase and then a prolonged decrease of action
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potential duration in the left lateral and posterior wall,
while right stellate stimulation shows these changes in
the right ventricular wall and the left ventricular anterior
wall of pigs.** A shortening of action potential duration
(and of the effective refractory period) is proarrhythmic
in the setting of reentrant arrhythmias in two ways. First,
it leads to shortening of the wavelength and thereby to
facilitation of reentrant arrhythmias.” Second, if the
shortening of the action potential duration occurs adja-
cent to a region of myocardial ischaemia, it may cause
an increase in the end-systolic ‘current of injury’ and
thereby promote the genesis of closely coupled prema-
ture beats that may initiate reentry.”® Generalised release
of noradrenalin from the adrenal glands has been
studied by superfusing myocardial fibres or cells with
fluids containing increased catecholamines. Superfusion
human myocytes with norepinephrine leads to action
potential prolongation and triggered activity based on
early after depolarisations.?’

In addition to a biological mechanism, behavioural
and psychosocial factors may also contribute to OHCA
risk. Stress-related disorders and anxiety often lead to
unhealthy lifestyle, such as smoking and lower physical
activity, which in turn may increase the risk of OHCA.
In our study, we could not adjust for these factors since
we had no data on these features to include in our statis-
tical analyses. On the other hand, if such behaviours lie
in the causal pathway between our exposure and OHCA,
then treating them as confounders in the multivariable
analyses, might underestimate the overall impact of
stress-related disorders and anxiety on OHCA risk. More-
over, it is unlikely that knowledge of these factors would
have altered our conclusions considering that we have
adjusted for all the relevant cardiovascular comorbidities.
Finally, other psychiatric disorders, such as the presence
of depression, may contribute to OHCA risk. However,
it is unlikely that depression accounts for our observed
association in this study, since we adjusted for depression
in the multivariable analyses.

Strengths and limitations

A main strength of this study is its population-based design
in which large and unselected number of OHCA patients
were obtained from nationwide databases, thereby mini-
mising the risk of inclusion bias and selection bias and
increasing the likelihood that our results are applicable
to the community at large. Also, DANCAR was specif-
ically designed to study OHCA, which allows accurate
data collection for each OHCA patient. Nevertheless, the
lack of information from primary care might have led to
underestimation of the number of patients with milder
forms of stress-related disorders or anxiety. Consequently,
our results may not be directly applicable to subjects with
less severe stress/anxiety or daily stress. Another limita-
tion is that data on disease severity were not available in
our analyses since information regarding diagnosis was
defined as a binary variable. Third, we cannot exclude
that residual confounders may have affected our results

as we had no information on several risk factors such as
smoking and alcohol consumption that may have contrib-
uted to the observed associations. Also, we had no data on
left ventricular ejection fraction to include in our multi-
variable analyses. However, given the highly unpredict-
able way in which OHCA occurs, it is very difficult, if not
impossible, to obtain such data shortly before the occur-
rence of OHCA in a uniform manner across the studied
population. Fourth, higher prevalence of comorbidi-
ties among OHCA cases may result in higher diagnosis
of stress-related conditions compared with non-OHCA
controls in which having stress-related conditions is prob-
ably less diagnosed, as non-OHCA controls may seek less
medical care. This, in turn, could result in overestimation
of the OHCA risk associated with long-term stress condi-
tions and anxiety. To deal with this, we performed an
additional subgroup analyses by selecting only individuals
without the comorbidities from table 1 (ie, cardiovascular
comorbidities, depression) and without the use of cardi-
ovascular drugs, QT-prolonging drugs and antidepres-
sants. By doing this, we aimed to make cases and controls
more comparable with respect to seeking medical care.
Here, we confirmed our main findings that long-term
stress conditions and anxiety (online supplemental table
6) were associated with higher risk of OHCA. Finally, the
diagnosis codes used to identify stress-related disorders
or anxiety have not been validated previously which may
lead to misclassification bias. However, the majority of
the information recorded in the Danish National Patient
Registry has undergone scrutiny for data quality and
shows high validity.*®

CONCLUSION

Patients with stress-related disorders (post-traumatic
stress and adjustment disorders) or anxiety have a higher
rate of OHCA compared with those without these condi-
tions. The association persisted when the outcome was
corrected for common OHCA risk factors. This asso-
ciation applies to men and women and is independent
from the presence of cardiovascular disease. Awareness
of the higher risks of OHCA in patients with stress-related
disorders and anxiety is important when treating these
patients.
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