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ORIGINAL RESEARCH

Contacts With the Health Care System 
Before Out- of- Hospital Cardiac Arrest
Nertila Zylyftari , MD; Sidsel G. Møller , MD, PhD; Mads Wissenberg, MD, PhD;  
Frederik Folke , MD, PhD; Carlo A. Barcella , MD, PhD; Amalie Lykkemark Møller , MSPH;  
Filip Gnesin , MS; Elisabeth Helen Anna Mills , MD; Britta Jensen , MSPH; Christina Ji- Young Lee, MD, PhD;  
Hanno L. Tan, MD; Lars Køber , MD, DMSc; Freddy Lippert , MD; Gunnar H. Gislason , MD, PhD; 
Christian Torp- Pedersen , MD, DMSc; for the ESCAPE- NET Investigators*

BACKGROUND: It remains challenging to identify patients at risk of out- of- hospital cardiac arrest (OHCA). We aimed to examine 
health care contacts in patients before OHCA compared with the general population that did not experience an OHCA.

METHODS AND RESULTS: Patients with OHCA with a presumed cardiac cause were identified from the Danish Cardiac Arrest 
Registry (2001– 2014) and their health care contacts (general practitioner [GP]/hospital) were examined up to 1 year before 
OHCA. In a case- control study (1:9), OHCA contacts were compared with an age-  and sex- matched background population. 
Separately, patients with OHCA were examined by the contact type (GP/hospital/both/no contact) within 2 weeks before 
OHCA. We included 28 955 patients with OHCA. The weekly percentages of patient contacts with GP the year before OHCA 
were constant (25%) until 1 week before OHCA when they markedly increased (42%). Weekly percentages of patient contacts 
with hospitals the year before OHCA gradually increased during the last 6 months (3.5%– 6.6%), peaking at the second week 
(6.8%) before OHCA; mostly attributable to cardiovascular diseases (21%). In comparison, there were fewer weekly contacts 
among controls with 13% for GP and 2% for hospital contacts (P<0.001). Within 2 weeks before OHCA, 57.8% of patients with 
OHCA had a health care contact, and these patients had more contacts with GP (odds ratio [OR], 3.17; 95% CI, 3.09– 3.26) 
and hospital (OR, 2.32; 95% CI, 2.21– 2.43) compared with controls.

CONCLUSIONS: The health care contacts of patients with OHCA nearly doubled leading up to the OHCA event, with more than 
half of patients having health care contacts within 2 weeks before arrest. This could have implications for future preventive 
strategies.

Key Words: ESCAPE- NET ■ general practitioner ■ health care contact ■ hospital ■ out- of- hospital cardiac arrest

Out- of- hospital cardiac arrest (OHCA) is a signifi-
cant health problem worldwide with <10% sur-
vival.1,2 OHCA is often considered an unexpected 

event without forewarning,3 although previous litera-
ture has shown that patients with OHCA often present 
symptoms4– 7 and have contact with the health care 
system before their arrest.8– 10

However, studies on this field have mainly included 
patients with OHCA witnessed by the emergency 

medical services (EMS),7 relatively small study popu-
lations,5,6 or only hospital contacts.8,9 Thus, it remains 
unexplored to what extent patients are in contact with 
the general practitioners (GPs) and hospitals shortly 
before their OHCA, and whether the pattern of health 
care use differs from the general population who have 
not experienced an OHCA. Identifying patients at risk 
of OHCA is challenging, as many patients with OHCA 
have no known risk factors.11,12 Therefore, further 
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insight into predictors of OHCA could be obtained by 
exploring health care contacts with GP and hospital 
among patients with OHCA compared with patients 
without OHCA. This could potentially help to develop 
future preventive strategies to identify patients at risk 
of OHCA.

Consequently, this study aimed to examine (1) the 
weekly contacts with the health care system among 
patients with OHCA up to 1 year before their arrest with 
information on both GP and hospital contacts in com-
parison with the general Danish population; (2) patient 
characteristics according to the type of health care 
contact (GP, hospital, both, or no contact) 2 weeks be-
fore OHCA; and (3) the outcomes of the health care 
contacts within 2 weeks before the OHCA, including 
the type of contact with GPs and diagnoses from the 
hospital contacts.

METHODS
The data, analytical methods, and study materials 
cannot be made available to other researchers for 
purposes of reproducing the results or replicating the 
procedure. Informed consent is not required for obser-
vational studies based on anonymous data.

In Denmark, the health care system is universal, free 
of charge, and with equal access for all inhabitants, 

which creates a suitable circumstance to examine all 
patients with OHCA and their contacts to the health 
care system before arrest.13 GPs act as gatekeepers 
to specialized and hospital care, and, except in cases 
of emergencies, they are usually the patient’s first con-
tact with the health care system and thereby play an 
important role in screening of the patients.13,14

Data Sources
All Danish residents are assigned a unique civil regis-
tration number,15 enabling linkage between nationwide 
registries16 on an individual level. Patients with OHCA 
were identified from the Danish Cardiac Arrest Registry 
(2001– 2014),1,17 which includes the date, time, and lo-
cation of OHCA; witnessed status (by a bystander 
or emergency medical services [EMS]), bystander- 
performed cardiopulmonary resuscitation, and de-
fibrillation; first recorded heart rhythm; time interval 
estimated from the recognition of OHCA until first heart 
rhythm analysis; return of spontaneous circulation; and 
survival status on hospital arrival.17

Information on GP contacts (week, year, and type 
of contact [face- to- face, phone, or e-mail consulta-
tion, home visit, etc]) was obtained from the National 
Health Insurance Service Registry.13 Information on 
hospital contacts (emergency department visits, hos-
pital admissions, and outpatient visits) including dis-
charge diagnoses was obtained from the Danish 
National Patient Registry.16,18 Information on medical 
prescriptions up to 180 days before OHCA (14 days for 
antibiotics because of the short period of use) was ob-
tained from the Danish National Prescription Registry19 
with drugs classified according to the Anatomical 
Therapeutic Chemical system. Medications and dis-
charge diagnosis up to 10  years before OHCA were 
also used to define comorbidities and to calculate the 
associated Charlson Comorbidity Index (CCI). All diag-
noses were coded in accordance with the International 
Classification of Diseases, Eighth Revision (ICD- 8) and 
Tenth Revision (ICD- 10).20

Information on age, sex, and vital status were ob-
tained from the Danish Civil Registration System,21 
and information on causes of death was obtained from 
death certificates from the National Causes of Death 
Registry.22 Information on the educational level was 
obtained from the Population Education Registry23 and 
categorized into 3 groups following the International 
Standard Classification of Education24 levels: (1) basic 
education including elementary school; (2) high school 
and short secondary education; and (3) bachelor, 
master, and doctoral degree or equivalent.

Study Population
The study included all patients with OHCA of presumed 
cardiac cause between ages 18 and 100 years from 

CLINICAL PERSPECTIVE

What Is New?
• The health care contacts of patients with out- of- 

hospital cardiac arrest nearly doubled leading 
up to the out- of- hospital cardiac arrest event, 
with more than half of patients having health 
care contacts within 2  weeks before out- of- 
hospital cardiac arrest.

What Are the Clinical Implications?
• Future research should investigate the reasons 

behind these general practitioner visits, includ-
ing potential signs and symptoms leading up to 
the out- of- hospital cardiac arrest.

• These findings might be the basis for the devel-
opment of future preventive strategies.

Nonstandard Abbreviations and Acronyms

CCI Charlson Comorbidity Index
GP general practitioner
OHCA out- of- hospital cardiac arrest
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2001 to 2014. The study period ended in 2014, as data 
after 2014 are still being validated. We excluded arrests 
of presumed noncardiac cause and EMS- witnessed 
arrests to obtain a more homogenous population as 
previously done.17,25 EMS- witnessed arrests are a sub-
set of the OHCA population,26 as they differ from the 
rest of the population because of having symptoms 
before the arrest. The presumed cardiac cause was 
defined as events with cardiac disease, unknown dis-
ease, or unexpected collapse, as recommended by the 
Utstein template.27 The noncardiac cause was defined 
as other medical disorders as well as trauma, suicide 
attempt, drowning, and drug overdose.

Cases and Controls

For comparison to the general Danish background 
population, we conducted an incidence density match-
ing,28,29 with patients with OHCA as cases matched 
with up to 9 controls from the entire general Danish 
population (18– 100  years) on age, sex, and date of 
OHCA. A supplemental analysis included a matched 
population on age, sex, date of OHCA, and comor-
bidities (prior ischemic heart disease, congestive heart 
failure, arrhythmias, obstructive lung disease, hyperten-
sion, and diabetes). The matching procedure ensures 
that controls are not censored before being control and 
allows repeated selection of controls, including select-
ing a case as a control prior to becoming a case. The 
patients were followed for the analyses from June 1, 
2001 (beginning of the Danish Cardiac Arrest Registry) 
until OHCA, death without OHCA, date of emigration, or 
December 31, 2014, whatever came first.

Outcomes
Outcome measures were (1) weekly percentages of 
contacts with GP or hospital up to 1 year before ar-
rest for patients with OHCA (cases) compared with the 
age-  and sex- matched background population; (2) pa-
tient-  and cardiac arrest– related characteristics of the 
OHCA population according to the status of the health 
care contacts (GP, hospital, both, or no contact) within 
2  weeks before their OHCA; and (3) type of contact 
with GPs and diagnoses from hospital contacts within 
the 2 weeks before OHCA.

Statistical Analysis
The frequency of contacts with GPs and hospitals 
among the patients with OHCA and the matched pop-
ulation up to 1  year before OHCA was examined as 
weekly percentages and tested using McNemat’s test. 
Additionally, we used conditional logistic regression 
to estimate an odds ratio (OR) of health care contacts 
within 2 weeks among patients with OHCA compared 
with the background population.

Because of the broad definition of hospital contacts, 
we subdivided the hospital contacts into (1) outpatient 
contacts and (2) emergency department visits/hospital 
admissions. As subgroup analyses, we examined the 
frequency of health care contacts among the patients 
with OHCA with preselected groups of (1) CCI (low- level 
[CCI=0], moderate- level [CCI=1], and high- level [CCI ≥2]), 
(2) according to small age groups (≤29, 30– 39, 40– 49, 
50– 59, 60– 69, 70– 79, ≥80), and (3) with the preselected 
groups of CCI and age groups of ≤65 and >65 years.

To explore the characteristics and contacts of pa-
tients with OHCA shortly before OHCA, we subdivided 
the patients into 4 groups according to their type of 
contact within 2 weeks before their event: (1) only GP, 
(2) only hospital, (3) GP and hospital, (4) no contact with 
the health care system. Patient-  and cardiac arrest– 
related characteristics were examined by descriptive 
statistics according to these 4 groups. Outcomes of 
the contacts (the type of GP contact and discharge 
diagnoses from the hospitals) were examined by de-
scriptive statistics and reported as percentages. 
Categorical variables were presented by counts with 
related percentages and tested with the chi- square 
test. Continuous variables were presented as medians 
with associated 25th to 75th percentiles and tested 
with the Wilcoxon rank- sum test. For trend analysis, we 
excluded 2001 as we had data on OHCAs from June 
1, 2001 (the start of the register) to 2014, and after-
ward, data were separated into 2 equal periods: 2002 
to 2008 and 2008 to 2014. The Mann- Kendall test was 
used to test for trends in each period. A 2- sided P 
value of <0.05 was considered statistically significant. 
Data management and analyses were performed with 
SAS version 9.4 (SAS Institute Inc., Cary, NC) and R 
version 3.6.1 (R Foundation for Statistical Computing, 
Vienna, Austria).30

Ethics
The study was approved by the Danish Data Protection 
(Agency Ref. no. 2007- 58- 0015, local ref. no. GEH- 
2014- 017, I- Suite. no. 02735). The information on the 
study population was encrypted and rendered anony-
mous by Statistics Denmark. In Denmark, registry- 
based studies do not require ethical approval.

RESULTS
A total of 28 955 patients with OHCA were included in 
this study. The selection process is shown in detail in 
Figure 1.

Weekly Contacts to the Health care 
System Within 1 Year Before OHCA
Of 28  955 patients with OHCA included in this 
study, 27 394 (94.6%) had a GP contact and 17 876 
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(61.7%) had a hospital contact within 1 year before 
their OHCA. Figure 2 shows the weekly percentages 
of GP and hospital contacts within 1  year before 

OHCA among the patients with OHCA and the age-  
and sex- matched background population. Contacts 
with the GPs were relatively constant, at around 
25% per week until the last week before OHCA, at 
which time it increased to nearly 42%. In compari-
son, the matched population had constant lower 
percentages of GP contacts, at around 13% per 
week throughout the year. For hospital contacts, a 
gradual increase was observed for patients with 
OHCA with a peak in the second week prior to arrest 
to 6.8%, while the matched population had fewer 
hospital contacts around 2% per week throughout 
the year. The observed differences in health care 
contacts between patients with OHCA and the 
matched population were found to be statistically 
significant (P<0.001). When subdividing the hospital 
contacts into outpatient contacts and emergency 
department/hospital admissions a similar tendency 
remained in both, and especially in contacts with 
emergency department (Figure  3). The same pat-
tern was also observed in the population matched 
on age, sex, date of OHCA, and comorbidities in the 
additional analysis (Figure S1).

Patients with OHCA were overall found to have 
higher odds for having GP (OR, 3.17; 95% CI, 3.09– 
3.26) and hospital (OR, 2.32; 95% CI, 2.21– 2.43) con-
tacts compared with the general population within the 
2 weeks before the event (Table 1). In overall charac-
teristics, the OHCA population had more comorbidi-
ties and medicine use compared with the background 
population (Table S1).

Figure 1. Flowchart.
The patient selection process of the study population from the 
period of June 1, 2001, to December 31, 2014. GP indicates 
general practitioner; and OHCA, out- of- hospital cardiac arrest.

Figure 2. Health care contacts within 1 year before OHCA.
The weekly percentages of health care contacts within 1 year before OHCA compared with an age- , sex- , 
and index date– matched control population divided by (A) contacts to GP and (B) contacts to hospital. 
Number of cases=28 955; number of controls=260 595. GP indicates general practitioner; and OHCA, 
out- of- hospital cardiac arrest.
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Characteristics of the OHCA Patients 
According to Their Health care Contacts 
Within 2 Weeks Before OHCA
Table  2 shows the overall characteristics of patients 
with OHCA according to their health care contact 
within 2 weeks before their OHCA. In total, 57.8% of 
the 28 955 patients with OHCA had contact with the 
health care system within 2 weeks before OHCA, di-
vided by 13 240 (45.7%) patients with GP contact; 1064 
(3.7%) patients with hospital contact; 2431 (8.4%) pa-
tients with both GP and hospital contact; and 12 220 
(42.2%) patients with no health care contact. The pa-
tients with OHCA with health care contact within the 
2 weeks before OHCA were overall older, more likely to 
be men, and had a higher frequency of most comor-
bidities and medicine (Table 2). With regard to OHCA- 
related factors, the patients with health care contacts 
had less chance of having a public arrest, bystander 

cardiopulmonary resuscitation, shockable rhythm, 
and 30- day survival (P<0.001) compared with patients 
without health care contact before arrest. Patients with 
both GP and hospital contacts had overall the most 
comorbidities and medicine use, the lowest chance of 
bystander cardiopulmonary resuscitation, shockable 
rhythm, and survival compared with the other groups.

Characteristics of the Health care 
Contacts Within the 2 Weeks Before 
OHCA
Examining the frequency of health care contacts within 
the 2 weeks before OHCA, 53.8% had >1 GP contact, 
and 27.6% had >1 hospital contact (Figure S2). Among 
the patients with GP contacts, 71.6% had a phone or 
e-mail contact, followed by 51% of patients having a 
face- to- face consultation, of which 11.3% were pre-
ceded by telephone consultation, and 29% of the pa-
tients had a home visit (Figure 4).
For the 3495 patients (12.1%) that had contact 
with the hospital in the 2 weeks before OHCA the 
most frequent discharge diagnoses were circula-
tory system– related disorders (20.9%) including 
ischemic heart disease, congestive heart failure, 
and arrhythmia, followed by respiratory- related dis-
orders (10.9%), of which chronic obstructive lung 
disease alone was nearly 4.3%. In comparison, 
the most frequent discharge diagnoses among 

Figure 3. Hospital contacts within 1 year before OHCA divided by (A) outpatient clinic contacts 
and (B) ED contacts and hospital admissions.
The weekly percentages of hospital contacts are divided into (A) outpatient contacts; (B) emergency 
department (ED) contacts and hospital admissions within 1 year before OHCA compared with an age- , 
sex- , and index date– matched control population. Number of cases=28 955; Number of controls=260 595. 
OHCA indicates out- of- hospital cardiac arrest.

A Outpatient contacts

Weeks before OHCA

Cases
Controls

0

1

2

3

4

52 44 36 28 20 12 4

C
on

ta
ct

s 
(%

)

B ED and hospital admissions

Weeks before OHCA

Cases
Controls

0

1

2

3

4

52 44 36 28 20 12 4

C
on

ta
ct

s 
(%

)

Table 1. Odds Ratio of GP and Hospital Contacts Within 
2 Weeks Before OHCA of Patients With Cardiac Arrest 
(Cases) as Compared With General Population (Controls)

OHCA

Characteristic OR 95% CI P value

GP contact 3.17 3.09– 3.26 <0.001

Hospital contact 2.32 2.21– 2.43 <0.001

GP indicates general practitioner; OHCA, out- of- hospital cardiac arrest; 
and OR, odds ratio.
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the age-  and sex- matched background population 
were circulatory system– related (9.8%), digestive- 
related (5.2%), and respiratory- related disorders 
(3.9%) (Figure 5).

Subgroup Analyses
When examining the weekly percentages of health care 
contacts among the patients with OHCA according to 
CCI (Figure S3), we observed a similar pattern to the main 

Table 2. Patient Characteristics and Cardiac Arrest– Related Factors According to Health care Contacts Within 2 Weeks 
Before OHCA

Number (%)
Only GP contact  
13 240 (45.7)

Only hospital 
contact  
1064 (3.7)

Both GP and 
hospital contact   
2431 (8.4)

No contact  
12 220 (42.2) P value

Patient characteristics

Median age, y (IQR) 74 (65– 82) 72 (63– 79.5) 74 (65– 82) 69 (59– 79) <0.001

Male sex 8408 (63.5) 715 (67.2) 1566 (64.4) 8760 (71.7) <0.001

Education level

Basic education 7907 (59.7) 539 (50.6) 1429 (58.7) 6335 (51.8) <0.001

High school or short secondary 4033 (35.2) 373 (38.3) 757 (35.6) 4279 (39.1) <0.001

Bachelor, master, or doctoral degree 1300 (11.3) 152 (15.6) 245 (11.6) 1606 (14.7) <0.001

Comorbidities

Ischemic heart disease 3609 (27.3) 364 (34.2) 916 (37.7) 2551 (20.9) <0.001

Previous myocardial infarction 1669 (12.6) 208 (19.5) 480 (19.7) 1201 (9.8) <0.001

Arrythmias 3145 (23.8) 304 (28.6) 769 (31.6) 1762 (14.4) <0.001

Congestive heart failure 3015 (22.8) 350 (32.9) 811 (33.4) 1909 (15.6) <0.001

Peripheral vascular disease 1669 (12.6) 171 (16.1) 409 (16.8) 1085 (8.9) <0.001

Chronic obstructive pulmonary disease 2330 (17.6) 219 (20.6) 624 (25.7) 1158 (9.5) <0.001

Diabetes 2226 (16.8) 195 (18.3) 484 (19.9) 1371 (11.2) <0.001

Malignancy 1631 (12.3) 216 (20.3) 523 (21.5) 1131 (9.3) <0.001

Pharmacotherapy

Antithrombotic treatment 6650 (50.2) 558 (52.4) 1407 (57.9) 4480 (36.7) <0.001

Beta- blocker 4095 (30.9) 393 (36.9) 945 (38.9) 2842 (23.3) <0.001

Calcium antagonist 2912 (22.0) 214 (20.1) 530 (21.8) 2082 (17.0) <0.001

Renin- angiotensin- aldosterone inhibitor 5295 (40.0) 447 (42.0) 1072 (44.1) 4008 (32.8) <0.001

Diuretics 6775 (51.2) 543 (51.0) 1474 (60.6) 4017 (32.9) <0.001

Antiarrhythmic medication, Vaughan- 
Williams class I or III

281 (2.1) 38 (3.6) 93 (3.8) 123 (1.0) 0.001

Digoxin 2030 (15.3) 164 (15.4) 465 (19.1) 1110 (9.1) <0.001

Antidepressant medication 2965 (22.4) 194 (18.2) 620 (25.5) 1468 (12.0) <0.001

Antipsychotic medication 1274 (9.6) 66 (6.2) 270 (11.1) 639 (5.2) <0.001

Antidiabetic medication 2226 (16.8) 195 (18.3) 484 (19.9) 1371 (11.2) <0.001

Antibiotics 1653 (12.5) 102 (9.6) 477 (19.6) 257 (2.1) <0.001

Cardiac arrest- related factors

Private home 8846 (66.8) 725 (68.1) 1724 (70.9) 7467 (61.1) <0.001

Witnessed arrest 6422 (48.5) 547 (51.4) 1236 (50.8) 6294 (51.5) <0.001

Bystander CPR 5024 (37.9) 453 (42.6) 945 (38.9) 5253 (43.0) <0.001

Bystander defibrillation 222 (1.7) 21 (2.0) 28 (1.2) 338 (2.8) <0.001

Median time interval,* min (IQR) 12 (7– 19) 11 (7– 17) 11 (6– 18) 11 (7– 18) 0.005

Shockable initial rhythm 2745 (20.7) 241 (22.7) 476 (19.6) 3890 (31.8) <0.001

Outcomes

ROSC 1571 (11.9) 176 (16.5) 296 (12.2) 2375 (19.4) <0.001

30- d survival 741 (5.6) 79 (7.4) 108 (4.4) 1604 (13.1) <0.001

CPR indicates cardiopulmonary resuscitation; GP, general practitioner; IQR, interquartile range; OHCA, out- of- hospital cardiac arrest; and ROSC, return of 
spontaneous circulation.

*Time interval is estimated time interval from recognition of OHCA (by bystander or call received at dispatch center) to the first heart rhythm analysis by 
emergency medical services.
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results, but with more contacts in higher levels of CCI and 
older age groups (Figure S4). Younger patients with OHCA 
(40– 49, 50– 59) had also an increase in contacts with GPs 
and hospitals before the event. However, percentages 
were overall lower compared with higher age groups.

When examining the weekly percentages of health 
care contacts according to CCI levels and in age 
groups of ≤65 and >65 years, a similar pattern to the 
main results was observed for patients with OHCA with 
hospital contacts (Figure  S5). In relation to GP con-
tacts, patients with OHCA ≤65 years with low and me-
dium levels of CCI had a larger increase in GP contacts 
in the last week before OHCA compared with patients 
with a high level of CCI. Additionally, the patients with 
a medium level of CCI had the highest weekly percent-
ages of GP contacts throughout the year (Figure S6).

Other Analyses

To look for any seasonal change in health care con-
tacts, we investigated contacts that patients had spe-
cifically within the 2 weeks before OHCA according to 
seasonality. As shown in Figure S7, patients had more 
contacts with GPs during the winter compared with 
other seasons, while contacts with the hospital were 
constant throughout the whole year.

Additionally, we investigated for temporal trends in 
the calendar year of the health care contacts within 

2 weeks before the arrest together with the OHCA inci-
dence during the study period (2002– 2014) (Figure S8). 
Percentages of hospital contacts were stable from 
2002 to 2008 (P=0.2) but increased in the period of 
2008 to 2014 (0.8%– 1.5%; P=0.002). While GP con-
tacts had a tendency toward a decline (5.5%– 4.5%; 
P=0.02) throughout the first years (2002– 2008) and 
an increase (4.5%– 5.8%; P=0.04) throughout the last 
study years (2008– 2014). The OHCA incidence in-
creased over the last study years from 34 OHCAs per 
100 000 people in 2008 to 44 OHCAs per 100 000 
people in 2014.

DISCUSSION
This nationwide study aimed to explore health care 
contacts among patients with OHCA before their car-
diac arrest. The study had 3 major findings: (1) The 
number of health care contacts within the year before 
OHCA nearly doubled in the 2 weeks up to the OHCA 
event; (2) more than half of the patients with OHCA 
were in contact with the health care system within 
2 weeks before their OHCA, especially with the GP in 
the week preceding OHCA; and (3) the patients with 
health care contact within 2 weeks before OHCA often 
had >1 contact, higher comorbidity burden, and medi-
cine use compared with patients with OHCA without 
contact. Early identification and risk stratification of 
patients before their arrest remains difficult. However, 
these data with the observed high number of contacts 
to the health care system up to the arrest is an impor-
tant finding, indicating a potential for improving predic-
tion and prevention of cardiac arrests in the future with 
a likely impact on survival. Hence, our data show that 
more than half of the OHCA population was in con-
tact, especially with GPs, and often more than once 
within 2 weeks before arrest. This suggests the crucial 
role that GP could play in future studies in (1) identify-
ing the distribution of specific symptoms leading to a 
health care contact before arrest; and (2) more detailed 
knowledge about the clinical circumstances related to 
the health care contact to better understand the nature 
of the symptoms that patients present before the ar-
rest. Such data could help improve the early identifica-
tion of patients at risk of OHCA.

Our findings contradict the general belief that car-
diac arrests are sudden and unexpected events with-
out health care contacts before the arrest.3 Previous 
literature supports our findings: A Danish study8 
showed that the majority of patients with OHCA had 
more hospital admissions 1 month before their event, 
and a Swedish study5 showed that patients with 
OHCA, without previously known ischemic heart dis-
ease, contacted the health care system and presented 
symptoms more often in the week before OHCA than 
in a corresponding week 1 year earlier. Furthermore, 

Figure 4. Types of GP contacts within 2 weeks before OHCA.
The types of GP contacts within 2 weeks before OHCA. “Other” 
includes laboratory exams, other examinations such as blood 
pressure measurements and ECGs or vaccination. The total 
exceeds 100% because patients could have >1 contact within the 
2 weeks before OHCA. Number of patients=15 671. GP indicates 
general practitioner; and OHCA, out- of- hospital cardiac arrest.
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a Canadian study10 showed that one- fourth had an 
emergency department assessment and hospital 
admission 90  days before OHCA. However, in our 
study, the increase in GP contacts was remarkable 

in comparison with the hospital contacts, highlighting 
the key role of the GP in the interaction with patients 
with OHCA. The nearly doubled number of contacts 
was observed not only in the total OHCA population 

Figure 5. The main discharge diagnosis within 2 weeks before OHCA.
The main discharge diagnosis following a hospital contact within 2 weeks before OHCA compared with 
an age- , sex- , and index date– matched control population. A, Number of cases=3495. B, Number of 
controls=9583. Arrythmias indicates cardiac arrhythmia; CHF, congestive heart failure; COLD, chronic 
obstructive lung disease; and IHD, ischemic heart disease.
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but also in stratified groups of CCI and age ≤65 and 
>65 years, with mainly more contacts in older patients 
and patients with more comorbidities.

The observed increase in health care contacts 
shortly before OHCA could be a result of different fac-
tors but is likely attributable to either a worsening of a 
chronic condition/comorbidity or experience of new or 
ongoing symptoms.31

Nearly half of patients with OHCA who were in con-
tact within 2 weeks before the event were older and 
had more comorbidities and medicine use than the pa-
tients with OHCA without contact. Additionally, the like-
lihood of return of spontaneous circulation and 30- day 
survival was notably lower for patients with OHCA with 
health care contacts than without. Probably together 
suggesting that morbidity and worsening of a chronic 
condition could be associated with worse short- term 
outcomes after OHCA compared with those without 
health care contact before OHCA.

Patients with comorbidities have previously been 
found to be associated with greater health care 
use,9,31– 33 and overall this supports the hypothesis that 
the increase in health care contacts could be attrib-
utable to a worsening of the patients’ chronic condi-
tion close to their OHCA. Also, when looking for the 
seasonality differences into health care contacts within 
2 weeks before the OHCA, patients had the highest 
contacts with GP during the winter season, which 
probably reflects on the possible infection trigger for 
a worsening of an underlining condition. However, 
hospital contacts in the 2 weeks were mainly constant 
throughout the seasons.

While, as expected, we also saw more weekly con-
tacts for patients aged >65 years and with higher levels 
of comorbidities compared with the other patients with 
OHCA, overall indicating that the patients with OHCA 
are an unhealthy population. An interesting finding was 
the decrease in hospital contacts in the last week be-
fore OHCA for primary patients with CCI ≥2 and age 
>65 years. This is hard to explain but could perhaps 
be attributable to more GP contacts in the last week 
before OHCA where we observed a marked increase 
in GP contacts for all patients.

The increased number of health care contacts was 
also observed among the younger patients (≤65 years) 
and patients with a low burden of comorbidities, in-
dicating that the health care contacts also could be 
attributable to new symptoms or ongoing symptoms. 
Previous studies have shown that patients with OHCA 
experience symptoms like chest pain and dyspnea be-
fore OHCA,4– 7 and these symptoms can often be non-
specific, thus considered “unharmful.”5 To explore this 
further, we examined discharge diagnoses for the pa-
tients with OHCA with hospital contacts in the 2 weeks 
before OHCA. Here, we saw that the patients most 
often had cardiac-  (ischemic heart disease, congestive 

heart failure, arrhythmia) and pulmonary- related diag-
noses, but a high number of patients were also as-
signed with more nonspecific diagnoses.

Taken together, this study indicates that there exists 
a potential to identify patients before they deteriorate 
with cardiac arrest as more than half of the patients 
had a health care contact shortly before their OHCA. 
However, patients with OHCA are a diverse group with 
different characteristics, and more data are needed to 
explore this potential further. In addition, more knowl-
edge is needed regarding the subgroup of patients 
with no health care contact 2 weeks before arrest and 
a low burden of comorbidities, which remains a difficult 
challenge.

Limitations
This study is observational whereby the relations 
represent associations and cannot be interpreted as 
causal effects. Regarding the observational data, we 
were limited by the National Health Insurance Service 
Registry only providing the week number of the GP 
contacts and not the exact date. This could give some 
inaccuracy, yet several sensitivity analyses testing this 
limitation did not affect our main findings. Another limi-
tation is the lack of clinical information such as symp-
toms and diagnosis codes from the GP contacts. This 
missing information could have given a better insight 
into the symptoms and contact patterns of the patients 
with OHCA before cardiac arrest and warrants further 
investigation.

Implications
Our observation that GP visits increased before OHCA 
may have great clinical relevance in view of previous 
findings that the majority of OHCA victims had never 
visited a cardiologist before OHCA struck.34 Therefore, 
to discover predictors of OHCA, we should not only 
focus on cardiologist data (which are nonexistent in 
most patients with OHCA) but should also include 
GP data. GP data from the period immediately before 
OHCA may hold the key. Here, the electronic health re-
cord system of the GP may alert the GP automatically 
of the possibility of impending OHCA if it detects a sig-
nificant short- term (over weeks) rise in visits of patients 
in whom a higher a priori risk of OHCA was previously 
found, for example, because they have cardiovascular 
disease, a high cardiovascular disease risk profile or 
other risk indicators to be discovered in the future. Also, 
analysis that focuses on the GP notes and diagnoses 
during this period may uncover telltale signs of OHCA, 
thereby improving our ability to earlier recognize pa-
tients at risk of OHCA and to take timely preventative 
measures. This is of particular relevance for these pa-
tients because their chances of survival after OHCA 
are lower than those of patients with OHCA without 
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prior health care visits. Thus, more efforts should be 
focused in the future in involving more the GP practice 
in the OHCA research.

CONCLUSIONS
The health care contacts of patients with OHCA nearly 
doubled up to the OHCA event, with more than half of 
the patients having health care contacts within 2 weeks 
before arrest.

ARTICLE INFORMATION
Received March 27, 2021; accepted November 3, 2021.

Affiliations
Department of Cardiology, Copenhagen University Hospital Herlev and 
Gentofte, Hellerup, Denmark (N.Z., S.G.M., M.W., F.F., C.A.B., C.J.-Y.L., G.H.G.); 
Department of Cardiology, Nordsjaellands Hospital, Hillerød, Denmark (N.Z., 
A.L.M., F.G., C.J.-Y.L., C.T.-P.); Copenhagen Emergency Medical Services and 
University of Copenhagen, Copenhagen, Denmark (M.W., F.F., F.L.); Department 
of Cardiology, Aalborg University Hospital, Aalborg, Denmark (E.H.A.M., 
C.T.-P.); Department of Health Science and Technology, Aalborg University, 
Aalborg, Denmark (B.J.); Department of Cardiology, Academic Medical Center, 
University of Amsterdam, The Netherlands (H.L.T.); Netherlands Heart Institute, 
Utrecht, The Netherlands (H.L.T.); The Heart Centre, Copenhagen University 
Hospital Rigshospitalet, Copenhagen, Denmark (L.K.); and The Danish Heart 
Foundation, Copenhagen, Denmark (G.H.G.).

Acknowledgments
A great thank you to TrygFonden, which supports the Danish Cardiac Arrest 
Registry, and to EMS personnel, who filled out a case report for each OHCA 
for the Danish Cardiac Arrest Registry.

Sources of Funding
This project has received funding from the European Union’s Horizon 
2020 Research and Innovation Program European Sudden Cardiac Arrest 
Network Towards Prevention, Education, New Effective Treatment under 
grant agreement no. 733381, and the COST Action PARQ (grant agree-
ment no. CA19137) supported by European Cooperation in Science and 
Technology. The sponsor of the study had no role in the study design, data 
collection, data analysis, data interpretation, and writing of this article.

Disclosures
Dr Zylyftari received a grant from European Union’s Horizon 2020 research 
and innovation program and Helsefonden. Dr Møller received a grant from 
Karen Elise Jensen Fonden and Helsefonden. Dr Tan reports receiving grants 
from European Union’s Horizont 2020 research and innovation program. Dr 
Køber received payment for speaking at a symposium arranged by Novartis, 
AstraZeneca, and Boehringer. Drs Gislason and Folke are supported by an 
unrestricted clinical research grant from the Novo Nordisk Foundation. Dr 
Torp- Pedersen reports receiving grant support and honoraria from Bayer 
and Novo Nordisk. The remaining authors have no disclosures to report.

Supplementary Material
Appendix S1
Table S1
Figures S1– S8

REFERENCES
 1. Wissenberg M, Hansen CM, Folke F, Lippert FK, Weeke P, Karlsson L, 

Rajan S, Søndergaard KB, Kragholm K, Christensen EF, et al. Survival 
after out- of- hospital cardiac arrest in relation to sex: a nationwide 
registry- based study. Resuscitation. 2014;85:1212– 1218. doi: 10.1016/j.
resus citat ion.2014.06.008

 2. Gräsner J- T, Wnent J, Herlitz J, Perkins GD, Lefering R, Tjelmeland 
I, Koster RW, Masterson S, Rossell- Ortiz F, Maurer H, et al. Survival 

after out- of- hospital cardiac arrest in Europe— results of the EuReCa 
TWO study. Resuscitation. 2020;148:218– 226. doi: 10.1016/j.resus citat 
ion.2019.12.042

 3. Myat A, Song K- J, Rea T. Out- of- hospital cardiac arrest: current con-
cepts. Lancet. 2018;391:970– 979. doi: 10.1016/S0140 - 6736(18)30472 
- 0

 4. Nishiyama C, Iwami T, Kawamura T, Kitamura T, Tanigawa K, Sakai T, 
Hayashida S, Nishiuchi T, Hayashi Y, Hiraide A. Prodromal symptoms of 
out- of- hospital cardiac arrests: a report from a large- scale population- 
based cohort study. Resuscitation. 2013;84:558– 563. doi: 10.1016/j.
resus citat ion.2012.10.006

 5. Höglund H, Jansson J- H, Forslund A- S, Lundblad D. Prodromal 
symptoms and health care consumption prior to out- of- hospital car-
diac arrest in patients without previously known ischaemic heart 
disease. Resuscitation. 2014;85:864– 868. doi: 10.1016/j.resus citat 
ion.2014.03.300

 6. Marijon E, Uy- Evanado A, Dumas F, Karam N, Reinier K, Teodorescu C, 
Narayanan K, Gunson K, Jui J, Jouven X, et al. Warning symptoms are 
associated with survival from sudden cardiac arrest. Ann Intern Med. 
2016;164:23. doi: 10.7326/M14- 2342

 7. Nehme Z, Bernard S, Andrew E, Cameron P, Bray JE, Smith K. Warning 
symptoms preceding out- of- hospital cardiac arrest: do patient de-
lays matter? Resuscitation. 2018;123:65– 70. doi: 10.1016/j.resus citat 
ion.2017.12.019

 8. Weeke P, Folke F, Gislason GH, Lippert FK, Olesen JB, Andersson C, 
Fosbøl EL, Charlot MG, Kanters JK, Poulsen HE, et al. Pharmacotherapy 
and hospital admissions before out- of- hospital cardiac arrest: a nation-
wide study. Resuscitation. 2010;81:1657– 1663. doi: 10.1016/j.resus citat 
ion.2010.06.025

 9. Weeke P, Folke F, Gislason GH, Lippert FK, Olesen JB, Andersson C, 
Wissenberg M, Poulsen HE, Nielsen SL, Køber L, et al. Hospital ad-
missions and pharmacotherapy before out- of- hospital cardiac arrest 
according to age. Resuscitation. 2012;83:584– 590. doi: 10.1016/j.resus 
citat ion.2011.10.024

 10. Shuvy M, Koh M, Qiu F, Brooks SC, Chan TCY, Cheskes S, Dorian 
P, Geri G, Lin S, Scales DC, et al. Health care utilization prior to out- 
of- hospital cardiac arrest: a population- based study. Resuscitation. 
2019;141:158– 165. doi: 10.1016/j.resus citat ion.2019.04.033

 11. Goldberger JJ, Buxton AE, Cain M, Costantini O, Exner DV, Knight BP, 
Lloyd- Jones D, Kadish AH, Lee B, Moss A, et al. Risk stratification for ar-
rhythmic sudden cardiac death: identifying the roadblocks. Circulation. 
2011;123:2423– 2430. doi: 10.1161/CIRCU LATIO NAHA.110.959734

 12. Myerburg RJ. Sudden cardiac death: exploring the limits of our 
knowledge. J Cardiovasc Electrophysiol. 2001;12:369– 381. doi: 
10.1046/j.1540- 8167.2001.00369.x

 13. Olivarius NF, Hollnagel H, Krasnik A, Pedersen PA, Thorsen H. The 
Danish National Health Service Register. A tool for primary health care 
research. Dan Med Bull. 1997;44:449– 453.

 14. Pedersen KM, Andersen JS, Sondergaard J. General practice and pri-
mary health care in Denmark. J Am Board Fam Med. 2012;25:S34– S38. 
doi: 10.3122/jabfm.2012.02.110216

 15. Schmidt M, Pedersen L, Sørensen HT. The Danish Civil Registration 
System as a tool in epidemiology. Eur J Epidemiol. 2014;29:541– 549. 
doi: 10.1007/s1065 4- 014- 9930- 3

 16. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient 
Register. Scand J Public Health. 2011;39:30– 33. doi: 10.1177/14034 
94811 401482

 17. Wissenberg M, Lippert FK, Folke F, Weeke P, Hansen CM, Christensen 
EF, Jans H, Hansen PA, Lang- Jensen T, Olesen JB, et al. Association of 
national initiatives to improve cardiac arrest management with rates of 
bystander intervention and patient survival after out- of- hospital cardiac 
arrest. JAMA. 2013;310:1377. doi: 10.1001/jama.2013.278483

 18. Vestergaard M, Obel C, Henriksen TB, Christensen J, Madsen KM, 
Østergaard JR, Olsen J. The Danish National Hospital Register is a valu-
able study base for epidemiologic research in febrile seizures. J Clin 
Epidemiol. 2006;59:61– 66. doi: 10.1016/j.jclin epi.2005.05.008

 19. Wallach Kildemoes H, Toft Sørensen H, Hallas J. The Danish National 
Prescription Registry. Scand J Public Health. 2011;39:38– 41. doi: 
10.1177/14034 94810 394717

 20. Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sørensen 
HT. The predictive value of ICD- 10 diagnostic coding used to assess 
Charlson comorbidity index conditions in the population- based Danish 
National Registry of Patients. BMC Med Res Methodol. 2011;11:83. doi: 
10.1186/1471- 2288- 11- 83

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 9, 2021

https://doi.org/10.1016/j.resuscitation.2014.06.008
https://doi.org/10.1016/j.resuscitation.2014.06.008
https://doi.org/10.1016/j.resuscitation.2019.12.042
https://doi.org/10.1016/j.resuscitation.2019.12.042
https://doi.org/10.1016/S0140-6736(18)30472-0
https://doi.org/10.1016/S0140-6736(18)30472-0
https://doi.org/10.1016/j.resuscitation.2012.10.006
https://doi.org/10.1016/j.resuscitation.2012.10.006
https://doi.org/10.1016/j.resuscitation.2014.03.300
https://doi.org/10.1016/j.resuscitation.2014.03.300
https://doi.org/10.7326/M14-2342
https://doi.org/10.1016/j.resuscitation.2017.12.019
https://doi.org/10.1016/j.resuscitation.2017.12.019
https://doi.org/10.1016/j.resuscitation.2010.06.025
https://doi.org/10.1016/j.resuscitation.2010.06.025
https://doi.org/10.1016/j.resuscitation.2011.10.024
https://doi.org/10.1016/j.resuscitation.2011.10.024
https://doi.org/10.1016/j.resuscitation.2019.04.033
https://doi.org/10.1161/CIRCULATIONAHA.110.959734
https://doi.org/10.1046/j.1540-8167.2001.00369.x
https://doi.org/10.3122/jabfm.2012.02.110216
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1001/jama.2013.278483
https://doi.org/10.1016/j.jclinepi.2005.05.008
https://doi.org/10.1177/1403494810394717
https://doi.org/10.1186/1471-2288-11-83


J Am Heart Assoc. 2021;10:e021827. DOI: 10.1161/JAHA.121.021827 11

Zylyftari et al A Danish Nationwide Case- Control Study

 21. Pedersen CB. The Danish Civil Registration System. Scand J Public 
Health. 2011;39:22– 25. doi: 10.1177/14034 94810 387965

 22. Helweg- Larsen K. The Danish Register of Causes of Death. Scand J 
Public Health. 2011;39:26– 29. doi: 10.1177/14034 94811 399958

 23. Jensen VM, Rasmussen AW. Danish education registers. Scand J 
Public Health. 2011;39:91– 94. doi: 10.1177/14034 94810 394715

 24. OECD. Definition and classification of educational programmes: the 
practical implementation of ISCED 2011. In: OECD Handbook for 
Internationally Comparative Education Statistics: Concepts, Standards, 
Definitions and Classifications. Paris: OECD Publishing; 2017:67– 76. 
doi: 10.1787/9789264279889-8-en

 25. Christensen DM, Rajan S, Kragholm K, Søndergaard KB, Hansen 
OM, Gerds TA, Torp- Pedersen C, Gislason GH, Lippert FK, Barcella 
CA. Bystander cardiopulmonary resuscitation and survival in patients 
with out- of- hospital cardiac arrest of non- cardiac origin. Resuscitation. 
2019;140:98– 105. doi: 10.1016/j.resus citat ion.2019.05.014

 26. De Maio VJ, Stiell IG, Wells GA, Spaite DW. Cardiac arrest witnessed 
by emergency medical services personnel: descriptive epidemiology, 
prodromal symptoms, and predictors of survival. Ann Emerg Med. 
2000;35:138– 146. doi: 10.1016/S0196 - 0644(00)70133 - 8

 27. Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, 
Bossaert LL, Brett SJ, Chamberlain D, de Caen AR, et al. Cardiac ar-
rest and cardiopulmonary resuscitation outcome reports: update of the 
Utstein Resuscitation Registry Templates for Out- of- Hospital Cardiac 
Arrest: a statement for healthcare professionals from a Task Force 
of the International Liaison Committee on Resuscitation (American 
Heart Association, European Resuscitation Council, Australian and 
New Zealand Council on Resuscitation, Heart and Stroke Foundation 
of Canada, InterAmerican Heart Foundation, Resuscitation Council 

of Southern Africa, Resuscitation Council of Asia); and the American 
Heart Association Emergency Cardiovascular Care Committee 
and the Council on Cardiopulmonary, Critical Care, Perioperative 
and Resuscitation. Circulation. 2015;132:1286– 1300. doi: 10.1161/
CIR.00000 00000 000144

 28. Richardson DB. An incidence density sampling program for nested 
case- control analyses. Occup Environ Med. 2004;61:e59. doi: 10.1136/
oem.2004.014472

 29. Langholz B, Goldstein L. Risk set sampling in epidemiologic cohort 
studies. Stat Sci. 1996;11:35– 53. doi: 10.1214/ss/10322 09663

 30. R Core Team. R: A Language and Environment for Statistical Computing. 
R Foundation for Statistical Computing; 2019. Available at: https://
www.r- proje ct.org/. Accessed November 14, 2021.

 31. Hallstrom AP, Cobb LA, Yu BH. Influence of comorbidity on the out-
come of patients treated for out- of- hospital ventricular fibrillation. 
Circulation. 1996;93:2019– 2022. doi: 10.1161/01.CIR.93.11.2019

 32. Palladino R, Tayu Lee J, Ashworth M, Triassi M, Millett C. Associations 
between multimorbidity, healthcare utilisation and health status: evi-
dence from 16 European countries. Age Ageing. 2016;45:431– 435. doi: 
10.1093/agein g/afw044

 33. Frølich A, Ghith N, Schiøtz M, Jacobsen R, Stockmarr A. Multimorbidity, 
healthcare utilization and socioeconomic status: a register- based 
study in Denmark. PLoS One. 2019;14:e0214183. doi: 10.1371/journ 
al.pone.0214183

 34. de Vreede- Swagemakers JJM, Gorgels APM, Dubois- Arbouw WI, van 
Ree JW, Daemen MJAP, Houben LGE, Wellens HJJ. Out- of- hospital 
cardiac arrest in the 1990s: a population- based study in the Maastricht 
area on incidence, characteristics and survival. J Am Coll Cardiol. 
1997;30:1500– 1505. doi: 10.1016/S0735 - 1097(97)00355 - 0

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 9, 2021

https://doi.org/10.1177/1403494810387965
https://doi.org/10.1177/1403494811399958
https://doi.org/10.1177/1403494810394715
https://doi.org/10.1787/9789264279889-8-en
https://doi.org/10.1016/j.resuscitation.2019.05.014
https://doi.org/10.1016/S0196-0644(00)70133-8
https://doi.org/10.1161/CIR.0000000000000144
https://doi.org/10.1161/CIR.0000000000000144
https://doi.org/10.1136/oem.2004.014472
https://doi.org/10.1136/oem.2004.014472
https://doi.org/10.1214/ss/1032209663
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1161/01.CIR.93.11.2019
https://doi.org/10.1093/ageing/afw044
https://doi.org/10.1371/journal.pone.0214183
https://doi.org/10.1371/journal.pone.0214183
https://doi.org/10.1016/S0735-1097(97)00355-0


SUPPLEMENTAL MATERIAL 

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 9, 2021



ESCAPE-NET collaborators 
5 Nov 2021 
 

Benjamin van Nieuwenhuizen 
Michael Tanck 
Laura van Dongen 
Dominic Zimmerman 
Emma Linssen 
Vera  van Eeden 
Mette Ekkel 
Marieke Blom 
Remy Stieglis 
Lixia Jia 
Talip Eroglu 
Michiel Hulleman 
Elisabeth Lodder 
Marieke Bak 
Irene van Valkengoed 
Robin Smits 
Hanno L Tan 

  
Freddy Lippert 
Gunnar Gislason 
Jacob Tfelt-Hansen 
Frederik Nybye Ågesen 
Niels Stampe 
Freddy Lippert 
Nertila Zylyftari 
Simon                                  
Mathis Kønig                                            
Jean-Philippe Empana 

  
Enrico Baldi 

  
Peter J. Schwartz 
Lia Crotti 

  
Petra Elders 
Sabrina Welten 

  
Nikolaos Dagres 

  
  
  
Mattias Ringh 

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 9, 2021



Martin Jonsson 
Jacob Hollenberg 

  
Anatolij Truhlar 

  
Bernd W. Böttiger 

  
Giuseppe Ristagno 
Francesca Fumagalli 

  
Janne Mewes 

  
Jordi Mestres 

  
Maarten Doornbos 
Lonneke Michiels 

 

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 9, 2021



Table S1. Characteristics of the OHCA population (cases) and the age- and sex-matched 

background population (controls). 

Abbreviations: AFib/AFlut, Atrial fibrillation /Atrial flutter; ¶¶ Cardiac dysrhythmias 

excluding AFib/AFlut; IQR, 1st and 3rd interquartile range; OHCA, out-of-hospital cardiac 

arrest. 

OHCA 

population 

(cases) 

Background 

population (age- 

and sex-matched 

control 

population) 

Total 

Number of people 28,955 260,595 289,550 

Patient characteristics 

Median Age, years (IQR) 72 
(62-81) 

72 
(62-81) 

72 
 (62-81) 

Males, n (%) 19,449 
(67.2) 

175,041 
(67.2) 

194,490 
(67.2) 

Educational level 

Basic education, n (%) 16,210 

(55.9) 

139,458 

 (53.2) 

155,668 

 (53.8) 

High school and short secondary 
education, n (%) 

9,442 
 (37.0) 

81,075 
 (38.7) 

90,517 
(38.5) 

Bachelor, Master or Doctoral 
degree,  

n (%) 

3,303 

 (12.9) 

40,062 

(19.1) 

43,365 

 (18.4) 

Charlson Comorbidity Index (CCI) 

CCI=0 (low severity), n (%) 10,199 
 (35.2) 

179,019 
(68.7) 

189,218 
(65.3) 

CCI=1 (medium severity), n (%) 11,795 

 (40.7) 

62,497 

(24.0) 

74,292 

(25.7) 

CCI >=2 (high severity), n (%) 6,961 

 (24.0) 

19,079 

 (7.3) 

26,040 

 (9.0) 
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Comorbidities 

Ischemic heart disease, n (%) 
8,189 
(28.3) 

30,233 
(11.6) 

38,422 
(13.3) 

AFib/AFlut, n (%) 
5,363 
(18.5) 

18,949 
(7.3) 

24,312 
(8.4) 

Other cardiac dysrhythmias¶¶, n (%) 
3,122 
(10.8) 

8,993 
(5.1) 

12,115 
(4.2) 

 Congestive heart failure, n (%) 

6,543 

(22.6) 

13,223 

(4.2) 

19,766 

(6.8) 

Cerebrovascular disease, n (%) 

4,334 

(15.0) 

20,256 

(7.8) 

24,590 

(8.5) 

Chronic obstructive pulmonary 

disease, n (%) 

4,566 

(15.8) 

13,727 

(5.3) 

18,293 

(6.3) 

Psychiatric disease, n (%) 
4,638 
(16.0) 

16,274 
(6.2) 

20,912 
(7.2) 

Renal disease, n (%) 
1,307 
(4.5) 

3,004 
(1.2) 

4,311 
(1.5) 

Malignancy, n (%) 
3,033 
(10.5) 

20,051 
(7.7) 

23,084 
(8.0) 

Pharmacotherapy: 

Antithrombotic treatment, n (%) 11,851 

 (40.9) 

50,658 

 (19.4) 

62,509 

 (21.6) 

Beta-blocker, n (%) 7,234 

(25.0) 

27,581 

 (10.6) 

34,815 

(12.0) 

Calcium antagonist, n (%) 4,467 

(15.4) 

21,955 

(8.4) 

26,422 

 (9.1) 

Renin-Angiotensin-Aldosteron-
inhibitor, n (%) 

8,858 
(30.6) 

34,483 
(13.2) 

43,341 
 (15.0) 

Diuretics, n (%) 11,869 
 (41.0) 

42,969 
(16.5) 

54,838 
 (18.9) 

Antiarrhythmic medication, 
Vaughan-Williams class I or III, n 

(%) 

527 

(1.8) 

1,251 

 (0.5) 

1,778 

(0.6) 

Digoxin, n (%) 

3,571 

(12.3) 

7,904 

(3.0) 

11,475 

 (4.0) 

Antidepressant medication, n (%) 4,438 
 (15.3) 

16,455 
(6.3) 

20,893 
 (7.2) 
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Antipsychotic medication, n (%) 1,792 
 (6.2) 

4,321 
 (1.7) 

6,113 
(2.1) 

Antidiabetic medication, n (%) 399 

(1.4) 

1,351 

 (0.5) 

1,750 

 (0.6) 

Antibiotics n (%) 8,064 

 (27.9) 

29,901 

(11.5) 

37,965 

 (13.1) 

AFib/AFlut, Atrial fibrillation /Atrial flutter; ¶¶ Cardiac dysrhythmias without including AFib/AFlut; 

IQR, 1st and 3rd interquartile range; OHCA, out-of-hospital cardiac arrest.  
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Figure S1. Healthcare contacts within one year before OHCA. 

The weekly percentages of healthcare contacts within one year before OHCA compared to an 

age-, sex-, some comorbidities (prior ischemic heart disease, congestive heart failure, 

arrythmias, obstructive lung disease, hypertension and diabetes) and index date-matched 

control population divided by (A) Contacts to GP; (B) Contacts to hospital. Number of 

cases=28,955; Number of controls=256,959. GP, General practitioner.  
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Figure S2. The frequency of healthcare contacts within 2 weeks before OHCA. 

The frequency of contacts to the GP and hospital within 2 weeks prior to OHCA. GP, General 

practitioner.  
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The weekly healthcare contacts within one year before OHCA according to Charlson 

Comorbidity Index score divided by (A) Contacts to GP; and (B) Contacts to hospital. (A) 

Number of patients with GP contacts according to CCI; CCI (0) =8,909; CCI (1) =6,358; CCI 

(CCI >=2) = 12,127.  (B) Number of patients with hospital contacts according to CCI; CCI (0) 

=3,962; CCI (1) =3,993; CCI (CCI >=2) =9,921. CCI, Charlson Comorbidity Index score; GP, 

General practitioner.  

Figure S3. Healthcare contacts within one year before OHCA according to Charlson 
Comorbidity Index. 
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Figure S4. Healthcare contacts within one year before OHCA according to patients age groups. 

The weekly percentages of GP and hospital contacts within one year before OHCA among the 

OHCA patients divided by age groups from <=29, 30-39, 40-49, 50-59, 60-69, 70-79, >=80). 

The number of patients with GP contacts among age groups was accordingly: 168; 390; 1,369; 

3,276; 6,063; 7,854 and 8,274 (a). The number of patients with hospital contacts among age 

groups was accordingly:117; 235; 797; 1,983; 3,820; 5,160 and 5,764 (b). GP, General 

practitioner; OHCA, out-of-hospital cardiac arrest.  
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The weekly percentages of hospital contacts within one year before OHCA among the OHCA 

patients divided by levels of Charlson Comorbidity Index and age ≤65 years and age >65 

years. (A) The number of patients with hospital contacts and age ≤65 years =4,931. (B) 

Number of patients with hospital contacts and in age >65 years = 12,945. CCI, Charlson 

Comorbidity Index score; OHCA, out-of-hospital cardiac arrest.  

Figure S5. Hospital contacts within one year before OHCA according to Charlson Comorbidity 
Index and patient age.  

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 9, 2021



The weekly percentages of GP contacts within one year before OHCA among the OHCA 

patients divided by levels of Charlson Comorbidity Index (CCI) and age ≤65 years and age 

>65 years. (A) The number of patients with GP contacts and age ≤65 years =8,142. (B) Number

of patients with GP contacts and age >65 years = 19,252. CCI, Charlson Comorbidity Index 

score; GP, General practitioner; OHCA, out-of-hospital cardiac arrest.   

Figure S6. GP contacts within one year before OHCA according to Charlson Comorbidity Index 
and patient age.  
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GP, General practitioner; OHCA, out-of-hospital cardiac arrest. 

Figure S7. Healthcare contacts within the 2 weeks before OHCA and OHCA incidence 
according to seasonality.  
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GP, General practitioner; OHCA, out-of-hospital cardiac arrest. 

Figure S8. Temporal trends from 2002 to 2014 of OHCA incidence and healthcare contacts 
among patients 2 weeks before their event.  
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