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a  b  s  t  r  a  c  t

Background:  The  underlying  etiology  of  sudden  cardiac  death  varies  with  age  and  is  likely  to  be  reflected
in  type  and  number  of  healthcare  contacts.  We  aimed  to  determine  the  specific  type  of  healthcare  contact
shortly  before  out-of-hospital  cardiac  arrest  (OHCA)  across  ages.
Methods:  OHCA  patients  were  identified  in  the  nationwide  Danish  Cardiac  Arrest  Register  and  Copenhagen
Medical  Emergency  Care  Unit  (2001–2006).  We  matched  every  OHCA  patients  with  10  controls  on  sex  and
age.  Healthcare  contacts  were  evaluated  30 days  before  event  by  individual-level-linkage  of  nationwide
registers.
Results:  We  identified  16,924  OHCA  patients,  median  age  70.0  years  (Q1–Q3:  59–80).  OHCA  patients
had  a  higher  number  of hospitalizations  and  received  more  pharmacotherapy  compared  to  the  control
population  across  all ages  (p for difference  <0.001).  OHCA  patients  aged  70–79  and  80–89  years  had  the
highest  proportion  of  hospitalizations  (70%)  and  pharmacotherapy  (73%),  respectively.  In  general,  the
association  between  OHCA  and  hospitalizations  and  pharmacotherapy  was  more  pronounced  among
the  youngest  OHCA  patients  compared  to controls.  OHCA  patients  in  age  groups  14–19,  20–29,  30–39
were  ∼5 times  more  likely  to  be in  contact  with  the  healthcare  service  than  the  control  population  (p  for

difference  <0.001).  Similarly,  OHCA  patients  in  the  oldest  age  groups  (60–69,  70–79,  80–89,  >89)  were
<2  times  more  likely  to  be in contact  with  the  healthcare  services  shortly  before  OHCA  compared  to  the
control  population  (p  for difference  <0.001).
Conclusion:  Young  OHCA  patients  are  more  likely  to  be  in  contact  with  the  healthcare  services  compared
with  an  age  and  sex  matched  control  population  suggestive  of  traits  that  make  them  stand  out from  the
general  population.
. Introduction

Sudden cardiac death (SCD) comprise 18.5% of deaths in the

estern world and underlines the need for effective preventive

trategies.1 The etiology of SCD varies with age and if preven-
ive strategies are to become more successful in predicting and

� A Spanish translated version of the abstract of this article appears as Appendix
n  the final online version at doi:10.1016/j.resuscitation.2011.10.024.
∗ Corresponding author at: Department of Cardiology, Copenhagen University
ospital, Gentofte, Niels Andersens Vej 65, Post-635, 2900 Hellerup, Denmark.
el.: +45 39 97 87 10; fax: +45 39751803.
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© 2011 Elsevier Ireland Ltd. All rights reserved.

identifying SCD before an event it is important to examine how
age influences the underlying causes of SCD which is likely to be
reflected in the type of healthcare contacts (hospital admissions
or pharmacotherapy) experienced imminently before an event.
For instance atherosclerosis is the primary cause of cardiovascu-
lar disease among the elderly ultimately leading to SCD, whereas
hypertrophic cardiomyopathy is one of the predominant causes of
SCD among young individuals and athletes.2,3 Predicting and iden-
tifying patients at risk of SCD is difficult and is highlighted by the
fact that ∼50% of all coronary heart disease related deaths have

SCD as the first symptom of underlying cardiovascular disease.3

We  have previously been able to demonstrate how the majority of
out-of-hospital cardiac arrest (OHCA) patients are in contact with
the healthcare services shortly before OHCA which makes them

dx.doi.org/10.1016/j.resuscitation.2011.10.024
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2011.10.024
mailto:pw@heart.dk
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ligible for early identification and risk stratification.4 However,
ittle is known about how age influences the likelihood of being in
ontact with the healthcare services shortly before OHCA.

The aim of the present nationwide study is to investigate how
he type of healthcare contact (hospital admissions and pharma-
otherapy) shortly before OHCA is correlated with age. Combining
nformation on age, the number and type of healthcare contact
mminently prior to OHCA in relation to current risk stratification
ests and knowledge, our findings could alert the attention of physi-
ians towards patient characteristics associated with OHCA across
ifferences in age.

. Methods

.1. Databases

All Danish citizens are assigned a permanent, personal, and
nique civil registration number which enables individual-level-

inkage of nationwide registers. The registers used for the present
tudy include: the National Prescription Register, the Danish
ational Patient Register, the Danish Cardiac Arrest Register, and

he Copenhagen Mobile Emergency Care Unit (MECU). Information
n all dispensed prescriptions from Danish pharmacies since 1995
s registered in the National Prescription Register, where drugs are
lassified according to the Anatomical Therapeutic Chemical (ATC)
ystem. Because the government-financed healthcare system par-
ially reimburse drug expenses, all Danish pharmacies are obliged
o register all dispensed drug prescriptions which ensures a valid
nd accurate register.5 Included in the Danish National Patient
egister is information on all hospital admissions in Denmark
ince 1978.6 Each hospital admission is recorded and registered
ccording to the International Classification of Diseases—before
994 the 8th revision (ICD-8) and from 1994 and onwards the
0th revision (ICD-10).With data from the Integrated Database for
he Danish Labour Market we defined socioeconomic status by
he individual average annual gross income during the five-year
eriod before OHCA and divided patients into quintiles accord-

ngly.

.2. Study population

We  identified all patients (aged ≥14 years) suffering an OHCA
ccording to the Danish Cardiac Arrest Register and the Copenhagen
ECU (2001–2006). Included in both registers are information

n time, date, and occurrence of all incidences where an ambu-
ance was dispatched to an OHCA. The Copenhagen MECU covers
he central part of Copenhagen (approximately 600,000 inhabi-
ants) where physician manned ambulances systematically records
ata from all OHCA responses.7,8 Patients who did not receive car-
iopulmonary resuscitation or defibrillation (by the responding
mbulance personnel or bystanders) were not classified as OHCA.
urthermore, patients with obvious signs of death were also not
lassified as an OHCA. In order to evaluate pharmacotherapy and
ospital admissions shortly before OHCA to the general Danish pop-
lation, we matched 10 controls to every OHCA patient on sex and
ge. Every control was given the same index date as the case they
ere matched upon. We  used a matched case-control study design

nd applied conditional multivariable logistic regression analyses
o determine the association of covariates to OHCA. The control

roup was identified and matched (1:10) on age and sex using
he “Greedy match algorithm”.9 Lastly, parts of the OHCA popula-
ion (2001–2005) used in the present study have been interrogated
reviously.4
n 83 (2012) 584– 590 585

2.3. Pharmacotherapy

From the National Prescription Register we obtained infor-
mation on the following pharmacotherapy 30 days before OHCA
(ATC codes): antidepressants (N06A), sedatives and anxiolytics
(N05B, N05C), anti-psychotic agents (N05A), analgesics (including
morphine) (N02), bronchial dilators (R02), corticosteroids (sys-
temic) (H02A), antithrombotic agents (B01), cholesterol-lowering
agents (C10), anti-angina medication (C01D), angiotensin convert-
ing enzyme inhibitors or angiotensin-2 receptor blockers (C09),
beta-blockers (C07), diuretics (C03), and digoxin (C01A). Further,
patients who  claimed at least one prescription for glucose lowering
medication up to 30 days before event (ATC:A10) were identified
as patients with diabetes requiring medical therapy.

2.4. Hospital admissions

Information on all hospital admissions before the time of OHCA
was  obtained from the Danish National Patient Register (primary or
secondary discharge diagnoses according to ICD-10). We  used the
discharge diagnoses previously defined in the Charlsons Comor-
bidity Index, modified for use with ICD-10 to identify hospital
admissions.10,11 We  also included information on the following dis-
charge diagnoses: trauma, psychiatric illness (including substance
abuse), and any cardiovascular disease(CVD), as done previously.4

The Charlson Comorbidity Index score presented in Table 1 is cal-
culated with information from hospital discharge diagnoses up to
one-year before OHCA.

In order to examine the relationship between very recent
healthcare contacts (hospital admissions or pharmacotherapy) and
OHCA across age groups, we  investigated periods of 30 days before
OHCA in the following age groups: 14–39, 40–49, 50–59, 60–69,
70–79, and ≥80.

2.5. Prioritized groups

All patients were divided into four prioritized groups according
to the type of healthcare system contact they experienced before
OHCA (1–4) with descending priority: (1) cardiovascular hospital
admissions, (2) non-cardiovascular hospital admissions, (3) car-
diovascular related pharmacotherapy, and (4) non-cardiovascular
related pharmacotherapy. Cardiovascular hospital admissions
include patients who were admitted to hospital with any CVD or
diabetes. Non-cardiovascular hospital admissions include patients
admitted with peptic ulcer, trauma, psychiatric illness, liver
disease, malignancy, or chronic obstructive pulmonary disease
(COPD). Patients without any immediate hospital admissions
but with at least one claimed prescription for a cardiovascular
related drug (cholesterol-lowering agents, anti-thrombotic agents,
anti-angina medication, calcium inhibitors, beta-blockers, digoxin,
diuretics, angiotensin converting enzyme inhibitors/angiotensin-
II-receptor blockers) were assigned to the cardiovascular related
pharmacotherapy group. Patients without any immediate hospi-
tal admissions or claimed prescriptions for cardiovascular related
pharmacotherapy, but a claimed prescription for one of the
following drugs: antidepressants, anxiolytics and sedatives, anti-
psychotics, analgesics (incl. morphine), bronchial dilators, or
corticosteroids, were assigned to the non-cardiovascular related
pharmacotherapy group.

2.6. Statistics
We compared binary variables with a chi-square test and con-
tinuous variables with the non-parametric Kruskal–Wallis test.
Association of covariates to OHCA was investigated by conditional
multivariable logistic regression analyses. Association is given as
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Table 1
Hospital admissions and pharmacotherapy 30 days before out-of-hospital cardiac
arrest for cases and controls.

OHCA Control population

N (%) 16,924 169,240
Male, N (%) 11,138 (65.8%) 111,380 (65.8%)
Mens age, years (Q1–Q3) 69.0 (58–78) 69.0 (58–78)
Women’s age, years (Q1–Q3) 73.0 (62–85) 73.0 (62–85)

Income group (%)
0 (lowest income quintile) 4092 (24.2) 33,141 (19.6)
1 3991 (23.6) 33,241 (19.6)
2 3781 (22.3) 33,451 (19.8)
3  2919 (17.3) 34,316 (20.3)
4  (highest income quintile) 2141 (12.7) 35,091(20.7)

Mean Charlson Comorbidity
Index Score (±SD)

0.6 (±1.0) 0.2 (±0.5)

Hospital admissions
30 days before OHCA (%)

Peripheral vascular disease 50 (0.3) 153 (0.1)
Cerebral vascular disease 131 (0.8) 404 (0.2)
Ischemic heart disease 357 (2.1) 653 (0.4)
Myocardial infarction 174 (1.0) 134 (0.1)
Cardiac dysrhythmia 280 (1.7) 507 (0.3)
Heart failure 346 (2.0) 336 (0.2)
Diabetes 968 (5.7) 5193 (3.1)
Peptic ulcer 59 (0.4) 149 (0.1)
Trauma 298 (1.8) 1366 (0.8)
Psychiatric illness 239 (1.4) 337 (0.2)
Liver disease mild/severe 288 (1.7) 45 (0.03)
Malignancy 526 (3.1) 848 (0.5)
COPD 417 (2.5) 411 (0.2)

Pharmacotherapy
30  days before OHCA (%)

Antithrombotic agents 1945 (11.5) 12144 (7.2)
Cholesterol lowering drugs 846 (5.0) 5947 (3.5)
Calcium inhibitors 975 (5.8) 7375 (4.4)
Beta-blockers 1357 (8.0) 8185 (4.8)
ACEi/ARB 1930 (11.4) 11791 (7.0)
Diuretics 3150 (18.6) 14443 (8.5)
Digoxin 1065 (6.3) 3598 (2.1)
Anti-angina medication 893 (5.3) 2991 (1.8)
Antidepressants 1526 (9.0) 7730 (4.6)
Sedatives/anxiolytics 2642 (15.6) 12273 (7.3)
Anti-psychotic medication 845 (5.0) 2800 (1.7)
Analgesics(incl. morphine) 3360 (19.9) 16653 (9.8)
Bronchial dilators 2314 (13.7) 7718 (4.6)
Corticosteroids(systemic) 992 (5.9) 2634 (1.4)

Q1–Q3 = inter-quartile range; ±SD = standard deviation; COPD = chronic obstruc-
t
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ive pulmonary disease; ACEi = angiotensin converting enzyme inhibitor;
RB = angiotensin receptor blocker. p-value for difference between groups
as  in all instances <0.05.

dds ratios (OR) and 95% confidence intervals (CI). The predic-
ive power of each model used to determine OHCA and healthcare
ssociation was assessed by the c-statistic value. Model assump-
ions were fulfilled unless otherwise specified. All analyses were
one using SAS, version 9.1 (SAS institute Inc., Cary, NC, USA). A
wo-sided p-value <0.05 was considered statistically significant.

.7. Ethics

The Danish Data Protection Agency approved the present study
No. 2008-41-2685). Register-based retrospective studies do not
equire ethical approval in Denmark.

. Results

In the period 2001–2006, we identified 16,924 patients who

xperienced an OHCA according to the Danish Cardiac Arrest Reg-
ster and the Copenhagen MECU and matched 169,240 controls on
ge and sex. The median age was 70.0 years (Q1–Q3: 59–80) and
en  comprised 65.8%. Of the 16,924 OHCA patients we identified
n 83 (2012) 584– 590

6225 (36.8%) who  were not admitted to hospital nor received treat-
ment with the investigated types of concomitant pharmacotherapy
30 days before OHCA.

Shown in Table 1 are characteristics for the OHCA cases and
age and sex matched controls. Table 2 shows the basic charac-
teristics including hospital admissions and pharmacotherapy for
the case population 30 days before OHCA stratified by age. Among
the youngest age groups (14–39 and 40–49 years) we found the
highest proportion of patients being admitted to hospital 30 days
before OHCA with a psychiatric illness (3.1% and 2.9%, respectively)
as well as the highest proportion of patients using antipsychotic
medication (8.3% and 8.2%, respectively) (Table 2).

Results from the conditional logistic regression analyses for
being admitted to hospital 30 days before OHCA according to age
group are shown in Table 3. We found significant associations
across all ages between OHCA and a hospital admission for heart
failure, psychiatric illness, diabetes, malignancy and COPD. Due to
the low number of hospital admissions among the youngest age
group (14–39 years) we were mostly unable to evaluate the associa-
tion between OHCA and hospital admissions, but some associations
were found although with wide CI’s (Table 3).

The results from the conditional logistic regression analyses
on the association between OHCA and pharmacotherapy 30 days
before OHCA are shown in Table 4. The strongest associations were
found among the younger age groups (14–39 years and 40–49
years). In particular we saw high associations in the youngest group
(14–39 years) for: antidepressants (OR = 4.0, CI: 2.7–5.8), sedatives
and anxiolytics (OR = 11.6, CI: 8.2–18.5), anti-psychotic medica-
tion (OR = 5.2, CI: 3.2–8.4), bronchial dilators (OR = 2.9,CI: 1.9–4.5),
and corticosteroids (OR = 4.5, CI: 1.9–10.6). Similar to Table 3 we
identified the highest associations with OHCA among the younger
age groups and saw a decrease in association with increasing age
(Tables 3 and 4).

Depicted in Fig. 1 are the proportion of healthcare contacts and
the correlation with age for both cases and controls according to
the prioritized groups. We  found an age related increase in the
proportion of healthcare contacts 30 days before OHCA for both
cases and controls. However, there was  a marked difference in
the number of healthcare contacts between cases and controls in
favour of the OHCA cases across all age groups (p for difference
<0.05) (Fig. 1). However, with older age the relative difference in
proportions between cases and controls (proportion of healthcare
contacts for cases divided by the proportion of healthcare contacts
for controls) is reduced. This relationship between the propor-
tions of healthcare contacts among cases vs. controls is presented
in Fig. 2 together with the absolute numbers of OHCA patients
according to age. Younger OHCA cases (age groups: 14–19, 20–29,
and 30–39 years) are ∼5 times as likely to be in contact with the
healthcare services compared with the age and sex matched con-
trol population in spite of comprising only a small proportion of all
16,924 OHCA cases (Fig. 2). In comparison, the older patients com-
prised the majority of all OHCA cases but were <2 times as likely to
be in contact with the healthcare services 30 days before an event
compared with the age and sex matched control population (Fig. 2).

The discriminatory power of the model to predict OHCA (c-
statistics from analysis including all healthcare contacts) improved
from 0.65 in the oldest age group to 0.69 in the younger age groups.

4. Discussion
The present study demonstrates how younger OHCA patients
are ∼5times as likely to be in contact with the healthcare services
compared with an age and sex matched control population, sug-
gestive of traits that distinguish them from the general population.
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Table  2
Baseline characteristics for out-of-hospital cardiac arrest individuals stratified by age.

Age group, years 14–39 40–49 50–59 50–69 70–79 >80 p-value

N (%) 796 (4.7) 1188 (7.0) 2369 (14.0) 3739 (22.1) 4573 (27.0) 4259 (25.2)
Male,  N (%) 597 (75.0) 845 (71.1) 1683 (71.0) 2663 (71.2) 3000 (26.9) 2350 (55.2)
Mens  age, years (Q1–Q3) 32 (26–36) 46 (13–48) 55 (53–58) 65 (62–67) 75 (72–77) 84 (81–87)
Women’s age, years (Q1–Q3) 33 (26–37) 46 (43–48) 55 (53–58) 65 (62–67) 74 (72–77) 85 (82–89)

Hospital admissions
30 days before OHCA (%)

Peripheral vascular disease 0 2 (0.2) 4 (0.2) 9 (0.2) 23 (0.5) 12 (0.3) 0.04
Cerebral vascular disease 0 4 (0.3) 11 (0.5) 29 (0.8) 41 (0.9) 46 (1.1) 0.003
Ischemic heart disease 2 (0.3) 8 (0.7) 33 (1.4) 94 (2.5) 120 (2.6) 100 (2.4) <0.001
Myocardial infarction 2 (0.3) 4 (0.3) 22 (0.9) 37 (1.0) 53 (1.2) 56 (1.3) 0.01
Cardiac dysrhythmia 3 (0.4) 10 (0.8) 35 (1.5) 71 (1.9) 110 (2.4) 117 (2.8) <0.001
Heart  failure 3 (0.4) 4 (0.3) 20 (0.8) 43 (1.2) 89 (2.0) 121 (2.8) <0.001
Diabetes 14 (1.8) 38 (3.2) 153 (6.5) 265 (7.1) 298 (6.5) 200 (4.7) <0.001
Peptic ulcer 0 3 (0.3) 11 (0.5) 14 (0.4) 17 (0.4) 14 (0.3) 0.52
Trauma 28 (3.5) 29 (2.4) 36 (1.5) 39 (1.0) 60 (1.3) 106 (2.5) <0.001
Psychiatric illness 25 (3.1) 34 (2.9) 50 (2.1) 57 (1.5) 34 (0.7) 29 (0.9) <0.001
Liver  disease mild/severe 1 (0.1) 4 (0.3) 11 (0.5) 7 (0.2) 3 (0.1) 2 (0.1) <0.001
Malignancy 6 (0.8) 26 (2.2) 105 (4.4) 147 (3.9) 156 (3.4) 86 (2.0) <0.001
COPD 1 (0.1) 7 (0.6) 33 (1.4) 94 (2.5) 166 (3.6) 116 (2.7) <0.001

Pharmacotherapy
30  days before OHCA (%)

Antithrombotic agents 7 (0.9) 42 (3.5) 158 (6.7) 389 (10.4) 651 (14.2) 698 (16.4) <0.001
Cholesterol lowering drugs 5 (0.6) 32 (2.7) 108 (4.6) 263 (7.0) 309 (6.8) 129 (3.0) <0.001
Calcium inhibitors 5 (0.6) 27 (2.3) 104 (4.4) 211 (5.6) 305 (6.7) 323 (7.6) <0.001
Beta-blockers 11 (1.4) 55 (4.6) 172 (7.3) 338 (9.0) 390 (8.5) 391 (9.2) <0.001
ACEi/ARB 4 (0.5) 55 (4.6) 231 (9.8) 458 (12.3) 668 (14.6) 514 (12.1) <0.001
Diuretics 17 (2.1) 84 (7.1) 267 (11.3) 616 (16.5) 1004 (22.0) 1162 (27.3) <0.001
Digoxin 4 (0.5) 14 (1.2) 54 (2.3) 173 (4.6) 351 (7.7) 469 (11.0) <0.001
Anti-angina medication 2 (0.3) 9 (0.8) 73 (3.1) 161 (4.3) 300 (6.6) 348 (8.2) <0.001
Antidepressants 73 (9.2) 120 (10.1) 205 (8.7) 305 (8.2) 407 (8.9) 416 (9.8) 0.13
Sedatives/anxiolytics 113 (14.2) 207 (17.4) 382 (16.1) 620 (16.6) 721 (15.8) 599 (14.1) 0.01
Anti-psychotic medication 66 (8.3) 97 (8.2) 141 (6.0) 182 (4.9) 169 (3.7) 190 (4.5) <0.001
Analgesics (incl. morphine) 42 (5.3) 157 (13.2) 385 (16.3) 713 (19.1) 989 (21.6) 1074 (25.2) <0.001
Bronchial dilators 34 (4.3) 75 (6.3) 212 (9.0) 552 (14.8) 883 (19.3) 558 (13.1) <0.001
Corticosteroids (systemic) 9 (1.1) 29 (2.4) 95 (4.0) 234 (6.3) 360 (7.9) 265 (6.2) <0.001
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iscrete variables are given in numbers and percentages. Continuous variables are g
isease; ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin recepto

The overall risk of SCD increases with age and peaks among
ndividuals aged 75–84 years which is concordant with the OHCA
opulation used in the present study (Table 2).12 Not surprisingly,

ndividuals of older age are more likely to suffer from disease com-
ared with younger individuals which is reflected in Fig. 1 where
he number of healthcare contacts increased with age from 30
o 45% in juveniles and adolescents, to almost 75% in the older

ge groups. However, despite the high proportion of healthcare
ontacts among the older age groups, the associations between
ealthcare contacts and OHCA were mostly low, which suggests
hat the older OHCA patients resembles the general population to

able 3
dds ratio for a hospital admission 30 days before to out-of-hospital cardiac arrest by age

Age groups, years 14–39 40–49 

Reason for hospital admission
Peripheralvasculardisease NA NA 

Cerebral vasculardisease NA 4.1 (0.6–26.1) 

Ischemicheartdisease NA 5.6 (1.3–23.7) 

Myocardialinfarction NA 4.9 (0.5–48.7) 

Cardiacdysrhythmia 7.8 (1.4–43.8) 0.8 (0.1–4.7) 

Heart  failure 11.9 (1.8–78.1) 13.0 (3.2–53.0) 

Diabetes 5.7 (2.9–11.1) 3.6 (2.4–5.3) 

Pepticulcer NA 2.2 (0.3–18.1) 

Trauma  2.6 (1.7–4.1) 2.0 (1.3–3.2) 

Psychiatricillness 70.5 (21.0–237.0) 13.7 (7.5–25.0) 

Liver  disease mild/severe NA 1.0 (0.2–5.9) 

Malignancy 16.3  (4.6–57.7) 19.1 (9.5–38.1) 

COPD  NA 14.9 (3.2–69.3) 

ll values are presented as odds ratio and 95% confidence interval; statistically significa
ulmonary disease.
 medians and Q1–Q3 = inter-quartile range. COPD = chronic obstructive pulmonary
ker.

a large extent in terms of healthcare contacts (Tables 3 and 4).
In contrast, we  generally found high associations between OHCA
and recent healthcare contacts 30 days before an event among
the younger age groups despite the younger age groups comprised
less in absolute numbers (Table 2). This important inverse rela-
tionship between having the highest likelihood of being in contact
with the healthcare services compared with the control popula-

tion, but comprising the fewest in absolute numbers are depicted
in Fig. 2. In terms of healthcare contacts our results suggests that
younger OHCA individuals have certain characteristics that make
them get into contact with the healthcare services prior to their

 group compared with an age and gender matched control group (reference).

50–59 50–69 70–79 >80

NA 0.5 (0.2–1.5) 2.5 (1.4–3.7) 1.4 (0.7–2.6)
2.3 (0.9–6.1) 1.1 (0.6–1.9) 1.4 (1.0–2.1) 1.4 (1.0–2.0)
3.2 (1.6–6.1) 3.2 (2.3–4.5) 1.8 (1.3–2.3) 1.7 (1.3–2.2)
10.7 (4.0–29.1) 5.5 (3.0–10.1) 4.1 (2.7–6.5) 4.0 (2.7–6.0)
1.6 (0.7–3.8) 1.6 (1.0–2.6) 2.0 (1.4–2.7) 2.3 (1.7–2.9)
20.1 (8.6–47.2) 8.7 (5.5–13.7) 3.9 (2.9–5.3) 2.7 (2.1–3.6)
3.6 (3.0–4.4) 2.1 (1.8–2.4) 1.6 (1.4–1.8) 1.4 (1.2–1.6)
2.0 (0.6–6.7) 1.5 (0.6–3.5) 2.0 (1.1–3.6) 1.0 (0.6–2.0)
1.6 (1.1–2.4) 1.2 (0.8–1.8) 1.7 (1.3–2.3) 1.9 (1.5–2.4)
8.7 (5.4–14.0) 8.6 (5.6–13.3) 1.8 (1.2–2.9) 1.6 (1.0–2.2)
0.9 (0.3–2.7) 0.3 (0.1–1.2) 2.0 (0.8–4.8) 3.2 (0.7–15.2)
21.4 (14.9–30.6) 8.1 (6.4–10.2) 4.0 (3.3–4.9) 2.7 (2.1–3.4)
7.8 (4.1–15.1) 7.8 (5.6–11.0) 5.9 (4.7–7.4) 5.2 (4.0–6.7)

nt findings are highlighted in bold; NA = not available; COPD = chronic obstructive
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Table 4
Likelihood for specific pharmacotherapy 30 days prior to out-of-hospital cardiac arrest by age group compared with an age and gender matched control group (reference).

Age groups, years 14–39 40–49 50–59 50–69 70–79 >80

Concomitant pharmacotherapy
Antithrombotic agents 6.3 (1.6–24.7) 2.7 (1.7–4.4) 1.8 (1.4–2.2) 1.2 (1.0–1.3) 1.1 (1.0–1.2) 1.1 (1.0–1.2)
Cholesterollowering drugs 5.4 (0.9–31.0) 1.1 (0.7–1.8) 0.9 (0.7–1.2) 0.9 (0.8–1.1) 0.9 (0.8–1.0) 1.0 (0.8–1.2)
Calcium inhibitors 3.3 (0.8–13.6) 1.6 (1.0–2.8) 1.2 (0.9–1.5) 0.9 (0.8–1.1) 0.8 (0.7–0.9) 0.9 (0.8–1.0)
Beta-blockers 1.3 (0.4–4.0) 1.9 (1.3–2.9) 1.3 (1.1–1.6) 1.3 (1.1–1.5) 1.0 (0.9–1.1) 1.1 (1.0–1.2)
ACEi/ARB 2.1 (0.4–11.2) 1.4 (0.9–2.1) 1.3 (1.1–1.5) 1.2 (1.0–1.3) 1.3 (1.2–1.4) 1.1 (1.0–1.3)
Diuretics 10.5 (3.9–28.2) 3.9 (2.8–5.5) 2.4 (2.0–2.8) 2.1 (1.9–2.4) 1.7 (1.6–1.9) 1.4 (1.3–1.5)
Digoxin NA 4.4 (1.7–11.4) 5.9 (3.8–9.2) 3.7 (3.0–4.6) 2.3 (2.0–2.6) 1.8 (1.6–2.0)
Anti-angina medication NA 2.0 (0.7–5.4) 6.1 (4.1–9.0) 3.0 (2.4–3.7) 2.2 (1.9–2.6) 1.8 (1.6–2.0)
Antidepressants 4.0 (2.7–5.8) 2.0 (1.5–2.6) 1.4 (1.2–1.8) 1.3 (1.1–1.5) 1.3 (1.2–1.5) 1.0 (0.9–1.1)
Sedatives and anxiolytics 11.6 (8.2–18.5) 4.2 (3.4–5.3) 2.5 (2.2–2.9) 2.0 (1.8–2.3) 1.4 (1.3–1.5) 1.0 (0.9–1.1)
Anti-psychoticmedication 5.2 (3.2–8.4) 4.3 (3.0–6.0) 3.2 (2.5–4.0) 2.1 (1.7–2.6) 1.7 (1.5–2.1) 1.5 (1.2–1.7)
Analgesics (incl. morphine) 2.5 (1.5–4.1) 2.2 (1.7–2.8) 2.2 (1.9–2.6) 1.9 (1.7–2.1) 1.5 (1.4–1.6) 1.3 (1.2–1.4)
Bronchialdilators 2.9 (1.9–4.5) 2.3 (1.7–3.2) 2.8 (2.6–3.4) 1.7 (2.4–3.0) 2.4 (2.2–2.6) 2.2 (2.0–2.4)
Corticosteroids (systemic) 4.5 (1.9–10.6) 6.0 (3.3–10.8) 4.3 (3.1–5.8) 3.2 (2.7–3.9) 2.2 (1.9–2.5) 2.0 (1.7–2.3)
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ll values are presented as odds ratio and 95% confidence interval; statistically sign
RB  = angiotensin receptor blocker.

HCA and hereby eligible for potential identification and early SCD
isk stratification (Fig. 2).

In agreement with an age related risk of SCD, we found that
specially cardiovascular hospital admissions rose with higher age
or both cases and controls (Fig. 1 and Table 2). These findings
ere also reflected in our association models where the associ-

tions decreased for cardiovascular specific hospital admissions
hich suggest that these diseases are more common with older

ge among both cases and controls (Table 3). Interestingly, Bardai
nd colleagues interrogated the causes of paediatric OHCA cases
howed how the majority of naturally occurring OHCA had cardio-
ascular disease as the underlying etiology.13 Keeping that in mind
t was somewhat surprising that we did not see a higher number of
ospital admissions for cardiac related matters among the youngest
ge group. (Table 2). In fact less than 1% of the OHCA patients in
he youngest age group were hospitalised with ischemic heart dis-
ase, myocardial infarction, cardiac dysrhythmia, or heart failure
ithin 30 days of their OHCA (Table 2). However, in spite of com-
rising less than 1% we did still see high OR associated with both

ardiac dysrhythmia and heart failure in the young group compared
o the older age groups where the OR approached one which sug-
est a higher degree of abnormality in being young and admitted for

Fig. 1. Pharmacotherapy and hospital admissions 30 d
t findings are highlighted in bold; ACEi = angiotensin converting enzyme inhibitor;

the interrogated reasons whereas it is less abnormal among older
patients (Table 3).

Atherosclerosis (clinical and subclinical) has been recognized
as one of the key risk factors in the development of coronary
artery disease which accounts for an estimated 80% of all SCD.3,14

Atherosclerosis is an age related disease which is supported
by our findings where we found that a larger number of the
older population were admitted for diseases potentially related to
atherosclerosis such as ischemic heart disease, peripheral vascular
disease, and heart failure (Table 2). Importantly, the coronary artery
risk development in young adults (CARDIA) study demonstrated
how subclinical atherosclerosis (coronary calcium) is present even
in young adults and how this is associated with risk of CVD includ-
ing high body mass index, high systolic blood pressure, diabetes,
and high cholesterol levels.15 However, it is less likely that sub-
clinical atherosclerosis is the direct cause leading to SCD among
the younger OHCA individuals. Albeit we  had no way to interro-
gate this notion in the present study (autopsies were not routinely
performed) we did see that the majority of OHCA patients were

of older age which could support the possibility of age induced
atherosclerosis being the underlying cause leading to cardiac arrest
(Fig. 2).

ays before out-of-hospital cardiac arrest by age.
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ig. 2. The total number of out-of-hospital cardiac arrests by age groups (2001–20
HCA  (cases vs. controls).

Diabetes is tightly linked to cardiovascular disease with
ncreased morbidity and mortality rates.16 Previous studies have
hown how patients with diabetes have more than a four-fold
ncrease in the incidence of coronary heart disease and more than

 two-fold increase in the risk of having a cardiovascular event
ompared with the general population.17,18 In agreement with
hese findings our results demonstrated how diabetes was asso-
iated with OHCA across all age groups although the association
pproached one with higher age (Table 3). Despite being a well
stablished risk factor for CVD it is recommended that diabetes is
ot used as an independent risk factor, but is used in combina-
ion with of risk factors predisposing SCD in terms of risk profile
valuation.19 For these reasons we included diabetes as a car-
iovascular risk factor and grouped patients with diabetes in the
ardiovascular group accordingly.

Individuals at high risk of a cardiovascular event with recog-
ized risk factors only comprise a small fraction of the total number
f SCD individuals.20 Misclassification and inability to identify indi-
iduals at risk are in part due to the failure of current tests to
ecognize important risk factors of SCD including genetic predis-
ositions before an event. Moreover, the fact that well established
isk factors such as MI  and impaired left ventricular function can be
symptomatic and unrecognized adds further to this notion.21,22

urrently, there are no well established risk factors for detecting
igh risk coronary artery disease patients in the early stages of their
isease.23

Individuals with a psychiatric illness have a high risk of SCD,
hich was reflected in our results on the high association between
HCA and hospital admissions for psychiatric illnesses or con-

umption of antidepressants and antipsychotics (Tables 3 and 4).
n particular, we found the risk to be more pronounced among
he younger part of the OHCA population. Notably, previous stud-
es have shown that individuals with severe mental illness have
 twofold increase in the prevalence of cardiovascular risk fac-
ors such as dyslipidemia, hypertension, obesity, and diabetes.24,25

dding further to the risk profile is the possibility of behavioural
isk factors such as smoking and substance abuse which is more
d the relationship between the proportions of healthcare contacts 30 days before

predominant in this population.26 Importantly, antidepressants
and antipsychotic medication have been associated with prolonga-
tion of the QT interval which is associated with the risk of torsades
de pointes and SCD, why an accession of risk factors is impor-
tant before treatment is initiated.27 Our findings could suggest
a high risk associated with these drugs, however, the results on
the increased association between OHCA and antidepressants and
antipsychotics, is most likely confounded by the indication for ini-
tiating the medication in itself (Tables 3 and 4).

4.1. Strengths and limitations

The main strength of this study is the ability to evaluate
healthcare contacts on a nationwide level shortly before OHCA
by combining national registers holding information on hospi-
tal admissions and concomitant pharmacotherapy. By including
information from nationwide registers we minimized the risk of
selection bias. Thus, our final study population comprised citizens
both in and out of the labour market, independent of sex, socioeco-
nomic status, age, ethnicity and, participation in health or insurance
programs.

One of the main limitations to the present observational
study is the lack of clinical data with information being obtained
from national administrative registers only—only associations are
reported. Albeit we  tried to eliminate potential confounders from
our analyses we acknowledge the possibility of residual confound-
ing including pre-existing conditions. Notably, the indication for
being in treatment with a certain type of pharmacotherapy 30 days
before OHCA was  not available why  these results should be inter-
preted with caution and not readily be associated with a certain
comorbidity (i.e. beta-blockers is not solely used for cardiac related
causes). We  are not able to fully determine of patients actually
took the claimed medication, but because medical expenses are

only partially reimbursed by the government financed healthcare
system we  assumed that patients who  claimed a prescription were
also likely to the take it as they would also have an economic incen-
tive. Lastly, as the Danish government financed healthcare system
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s highly available and accessible, we acknowledge that extrapolat-
ng results from the present study to other countries or healthcare
ystems should be done with caution.

. Conclusion

Young individuals (<40 years) who experience an OHCA are far
ore likely to be in contact with the healthcare services shortly

efore their OHCA compared with an age and gender matched con-
rol population. We  were able to show that the type and number of
ospital admissions are different from the older OHCA patients and
ow psychiatric related illnesses and concomitant use of antide-
ressants and antipsychotics 30 days before OHCA was  frequent
mong young OHCA patients. Our results also show how young
HCA patients have traits that make them stand out from the gen-
ral population in terms of hospital admissions and concomitant
harmacotherapy.

onflicts of interest statement

None.

unding

This present paper was funded by an unrestricted grant (J. nr.
343-09) from the Tryg Foundation (Denmark).The funding source
f the study had no role in the study design, collection of data, data
nalysis or interpretation, writing of the report, or the decision to
ubmit for publication.

cknowledgements

PW,  FF, GG, LK, and CTP analysed the data for the present
aper. PW wrote the initial draft of the manuscript. All authors
ontributed to study design, interpretation of the data, intellec-
ual discussion and revision of the manuscript. All authors have
ead and approved the final version of the manuscript before
ubmission.

eferences

1. de Vreede-Swagemakers JJ, Gorgels AP, Dubois-Arbouw WI,  et al. 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;30:1500–5.

2.  Maron BJ. Sudden death in young athletes. N Engl J Med  2003;349:1064–75.
3.  Lloyd-Jones D, Adams R, Carnethon M,  et al. Heart disease and stroke

statistics—2009 update. A report from the American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Circulation 2008.

2

2

n 83 (2012) 584– 590

4. Weeke P, Folke F, Gislason GH, et al. Pharmacotherapy and hospital admis-
sions before out-of-hospital cardiac arrest: a nationwide study. Resuscitation
2010;81:1657–63.

5.  Gaist D, Sorensen HT, Hallas J. The Danish prescription registries. Dan Med  Bull
1997;44:445–8.

6. Andersen TF, Madsen M,  Jorgensen J, Mellemkjoer L, Olsen JH.  The Danish
National Hospital Register. A valuable source of data for modern health sciences.
Dan Med  Bull 1999;46:263–8.

7. Horsted TI, Rasmussen LS, Meyhoff CS, Nielsen SL. Long-term prognosis after
out-of-hospital cardiac arrest. Resuscitation 2007;72:214–8.

8. Folke F, Gislason GH, Lippert FK, et al. Differences between out-of-hospital car-
diac arrest in residential and public locations and implications for public-access
defibrillation. Circulation 2010;122:623–30.

9. Greedy matching algorithm by Erik Bergstralh & Jon Kosanke (Mayo Clinic)
[accessed 01.01.11].

0. Charlson ME,  Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis 1987;40:373–83.

1. Nuttall M,  van der Meulen J, Emberton M.  Charlson scores based on ICD-10
administrative data were valid in assessing comorbidity in patients undergoing
urological cancer surgery. J Clin Epidemiol 2006;59:265–73.

2. Chugh SS, Jui J, Gunson K, et al. Current burden of sudden cardiac death: multiple
source surveillance versus retrospective death certificate-based review in a large
US  community. J Am Coll Cardiol 2004;44:1268–75.

3. Bardai A, Berdowski J, van der Werf C, et al. Incidence, causes, and outcomes
of  out-of-hospital cardiac arrest in children. A comprehensive, prospective,
population-based study in the Netherlands. J Am Coll Cardiol 2011;57:1822–8.

4. Chugh SS. Early identification of risk factors for sudden cardiac death. Nat Rev
Cardiol 2010;7:318–26.

5. Bild DE, Folsom AR, Lowe LP, et al. Prevalence and correlates of coronary calcifi-
cation in black and white young adults: the Coronary Artery Risk Development
in  Young Adults (CARDIA) Study. Arterioscler Thromb Vasc Biol 2001;21:852–7.

6. Dora JM,  Kramer CK, Canani LH. Standards of Medical Care in Diabetes—2008:
response to Hirsch, Inzucchi, and Kirkman. Diab Care 2008;31:e44 [author reply
e5].

7. Kannel WB,  McGee DL. Diabetes and cardiovascular disease. The Framingham
study. JAMA 1979;241:2035–8.

8. Aktas MK,  Ozduran V, Pothier CE, Lang R, Lauer MS. Global risk scores and exer-
cise  testing for predicting all-cause mortality in a preventive medicine program.
JAMA 2004;292:1462–8.

9. Fishman GI, Chugh SS, DiMarco JP, et al. Sudden cardiac death prediction and
prevention: report from a National Heart, Lung, and Blood Institute and Heart
Rhythm Society Workshop. Circulation 2010;122:2335–48.

0. Myerburg RJ, Kessler KM,  Castellanos A. Sudden cardiac death. Structure, func-
tion,  and time-dependence of risk. Circulation 1992;85:I2–10.

1. Sheifer SE, Manolio TA, Gersh BJ. Unrecognized myocardial infarction. Ann Intern
Med 2001;135:801–11.

2. Kannel WB,  Abbott RD. Incidence and prognosis of unrecognized myocardial
infarction. An update on the Framingham study. N Engl J Med  1984;311:1144–7.

3. Chugh SS, Reinier K, Teodorescu C, et al. Epidemiology of sudden cardiac death:
clinical and research implications. Prog Cardiovasc Dis  2008;51:213–28.

4. Fagiolini A, Frank E, Scott JA, Turkin S, Kupfer DJ. Metabolic syndrome in bipolar
disorder: findings from the Bipolar Disorder Center for Pennsylvanians. Bipolar
Disord 2005;7:424–30.

5. McEvoy JP, Meyer JM,  Goff DC, et al. Prevalence of the metabolic syndrome in
patients with schizophrenia: baseline results from the Clinical Antipsychotic
Trials of Intervention Effectiveness (CATIE) schizophrenia trial and comparison

with national estimates from NHANES III. Schizophr Res 2005;80:19–32.

6. Zarate Jr CA, Patel J. Sudden cardiac death and antipsychotic drugs: do we know
enough? Arch Gen Psychiatry 2001;58:1168–71.

7. Ray WA,  Chung CP, Murray KT, Hall K, Stein CM.  Atypical antipsychotic drugs
and the risk of sudden cardiac death. N Engl J Med  2009;360:225–35.


	Hospital admissions and pharmacotherapy before out-of-hospital cardiac arrest according to age
	1 Introduction
	2 Methods
	2.1 Databases
	2.2 Study population
	2.3 Pharmacotherapy
	2.4 Hospital admissions
	2.5 Prioritized groups
	2.6 Statistics
	2.7 Ethics

	3 Results
	4 Discussion
	4.1 Strengths and limitations

	5 Conclusion
	Conflicts of interest statement
	Funding
	Acknowledgements
	References


