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A B S T R A C T

Background: Patients suffering out-of-hospital cardiac arrest (OHCA) have a poor prognosis but survival among
subgroups differs greatly. Previous studies have shown conflicting results on whether patient comorbidity affects
outcome. The aim of this national study was to investigate the effect of comorbidity on outcome after OHCA in
Sweden.
Methods: We included all patients with bystander-witnessed OHCA from 2011 to 2015 in the national Swedish
Registry of Cardiopulmonary Resuscitation. In order to assess comorbidity, the database was merged with the
comprehensive National Patient Registry, which includes all out-patient and in-patient care in Sweden. The
Charlson comorbidity index (CCI) and the specific comorbidity conditions constituting the CCI was used to
identify whether comorbidity was associated with outcome.
Results: A total of 12,012 patients were included in the study. Of these, 1598 patients survived to 30 days (13%).
The most common comorbidities were a history of congestive heart failure (29%), myocardial infarction (24%),
and diabetes without complications (23%). Renal disease (odds ratio [OR] 0.53; 95% CI 0.53‒0.72), diabetes
with complications (OR 0.65; 95% CI 0.49‒0.84), diabetes without complications (OR 0.63; 95% CI 0.52‒0.75),
congestive heart failure (OR 0.84; 95% CI 0.71‒0.99), and metastatic carcinoma (OR 0.61; 95% CI 0.40‒0.93)
were significantly associated with a reduced chance of 30-day survival when adjusted for demographic char-
acteristics and also resuscitation-associated factors such as shockable initial rhythm, bystander cardiopulmonary
resuscitation (CPR), and place of arrest. With increasing comorbidity, the chance of 30-day survival decreased:
adjusted OR was 0.82 (59% CI 0.68–0.99) for CCI 3–4, 0.62 (95% CI 0.47-0.83) for CCI 5–6, and 0.51 (95% CI
0.36-0.72) for CCI > 6, respectively, all in relation to those with CCI 0-2. Additionally, increasing morbidity
was associated with reduced odds of return of spontaneous circulation (ROSC) and ROSC at hospital admission.
Conclusion: This large national study showed that increasing comorbidity decreased the chance of survival to 30
days in OHCA. This association remained after covariate adjustment.

Introduction

Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in
the western world, with low survival rates [1]. A recent review [2]
pointed out that adjustment for comorbidity is usually neglected in
cardiac arrest research, both regarding in-hospital cardiac arrest (IHCA)
and OHCA.

Studies on comorbidity and survival after cardiac arrest have come
up with conflicting results. Piscator et al. [3] and Hessulf et al. [4]
found a significant effect of comorbidities on IHCA. Regarding OHCA, a

few studies have focused on the association between comorbidity and
survival. Of these, some have not been able to find a significant asso-
ciation with survival outcomes [5–9] whereas others have [10–13].

As treatment benefit is an important consideration in medical ethics,
knowing which patient groups do not benefit from treatments is im-
portant for decision making. It is also equally important that those with
a fair chance of survival should receive a high level of care.

The aim of this study was to investigate the effect of comorbidity on
30-day survival after OHCA in Sweden when various factors related to
resuscitation were also considered at the same time.
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Methods

Setting

Sweden has a population of 10 million with a land area of more than
450,000 km2 [14]. In cases of OHCA, all Emergency Medical Service
(EMS) systems have a two-tiered response with advanced life support
(ALS) as the second tier. In addition to the ordinary EMS system, some
counties dispatch fire fighters and/or police officers.

Data sources

The Swedish Registry for Cardiopulmonary Resuscitation (SRCR)
was started in 1990 and is a national quality register with support from
the Swedish Association of Local Authorities and Regions. More than
90% of all individuals who have had an OHCA in Sweden and in whom
cardiopulmonary resuscitation (CPR) was attempted are included in the
registry. All EMS services in Sweden report cases of OHCA to the reg-
istry prospectively using an Utstein-based template [15]. This registry
has been described elsewhere [16].

The National Patient Registry (NPR) is run by the Swedish National
Board of Health and Welfare. Since 1987 the coverage has been nation-
wide [17]. The NPR has data on diagnoses and surgical procedures
codes from hospitals and specialist clinics. A validation of the NPR has
shown that 85–95% of all diagnoses are valid. Since 2001, the registry
has also included out-patient visits from both private and public care-
givers, but primary care is not covered by the NPR. All admissions (both
in- and out-patient) in Sweden are reported to the registry with Inter-
national Classification of Disease (ICD)-10 codes.

The study was approved by the Regional Ethics Review Board in
Gothenburg (registration number 2015/246-15).

Study design

We performed a retrospective analysis of data from the SRCR that
were prospectively collected between 2011 and 2015. Data from SRCR
were linked with comorbidity data from the NPR. Data on health dis-
orders were collected over the five years prior to the OHCA. Patients
who did not have a personal identification number (e.g. unknown ID or
non-citizens) were excluded, as these cases could not be linked to co-
morbidity data.

Patients

We included all cases of bystander-witnessed OHCA in patients who
were ≥18 years of age, from 2011 to 2015. Unwitnessed cases and
cases that were witnessed only by the EMS crew were excluded.

Definitions

To measure comorbidity, we used the Charlson comorbiditiy index
(CCI) [18]. This index is a weighted score of comorbidities to predict
mortality. If there was any mention of an ICD-10 code included in a
category definition the patient was identified as having a history of that
particular comorbidity condition. The ICD-10 codes that were used to
create the categories are presented elsewhere [19].

Outcome measures

The primary outcome measure was 30-day survival after OHCA.
Secondary outcome measures were any return of spontaneous circula-
tion (ROSC) or ROSC at hospital admission and 30-day survival in VF/
VT patients.

Statistical analysis

Baseline characteristics are presented as numbers and proportions
for categorical variables and medians (10th, 90th percentile) for con-
tinuous variables. To test for differences between the groups (i.e. 30-
day survival, and ROSC) and baseline characteristics, we used Fisher’s
exact test for dichotomous variables and Mann-Whitney U test for or-
dered/continuous variables. For testing of association between CCI and
baseline characteristics, Mann-Whitney U test and Spearman’s rank
correlation were used for dichotomous variables and ordered/con-
tinuous variables, respectively.

For calculation of odds ratios with corresponding confidence inter-
vals logistic regression was used. Adjustments were made for all base-
line characteristics in Table 1 (i.e. year of OHCA, age, sex, initial
rhythm, location, bystander CPR, mechanical chest compression, ae-
tiology, adrenalin treatment, intubation and anti-arrhythmics, time to
CPR, and EMS response time). Due to risk for saturation when calcu-
lating adjusted odds ratio for each specific comorbidity condition se-
parately only those conditions with at least 1% prevalence were ana-
lyzed. However, when calculating the CCI all comorbidity conditions
were included.

Table 1
Patient characteristics.

All patients Patients alive at 30 days p-value

(n= 12,012) Yes No
(n=1598) (n= 10,414)

Year of OHCA:
2011 2291–19.1 286–17.9 2005–19.3 0.003a

2012 2284–19.0 278–17.4 2006–19.3
2013 2441–20.3 319–20.0 2122–20.4
2014 2397–20.0 328–20.5 2069–19.9
2015 2599–21.6 387–24.2 2212–21.2
OHCA during daytime

8 a.m. to 8 p.m.
(144/797)b

7307–66.0 1113–76.5 6194–64.4 < 0.0001

Age, years 72 (52–88) 65 (42–81) 74 (54–88) < 0.0001
Female sex 3806–31.7 334–20.9 3472–33.3 < 0.0001
VF/VT as initial

arrhythmia (162/
271)

3468–30.0 1098–76.5 2370–23.4 < 0.0001

OHCA at home (2/5) 8470–70.6 690–43.2 7780–74.7 < 0.0001
CPR before arrival of

EMS (6/51)
8510–71.2 1361–85.5 7149–69.0 < 0.0001

Mechanical chest
compression (132/
749)

4200–37.7 361–24.6 3839–39.7 < 0.0001

Cardiac aetiology (81/
480)

8100–70.7 1129–74.4 6971–70.2 0.0007

Treatment:
Adrenalin (47/95) 9851–83.0 670–43.2 9181–89.0 < 0.0001
Intubation (30/74) 4362–36.6 356–22.7 4006–38.7 < 0.0001
Anti-arrhythmics (61/

222)
1900–16.2 284–18.5 1616–15.9 0.01

Delay, minutes:
Collapse to start of CPR

(203/1250)
4 (0–16) 1 (0–8) 5 (0–17) < 0.0001

Call for EMS to EMS
arrival (291/1793)

10 (4–21) 7 (3–17) 10 (5–21) < 0.0001

Survival at 30 days:
All patients 1598–13.3 1598–100 0–0
Patients found in

ventricular
fibrillation

1098–31.7 1098–100 0–0

Patients with another
initial arrhythmia

338–4.2 338–100 0–0

The data are presented as number - percentage (%) or median (10th, 90th
percentile).

a Year of OHCA as an ordered variable.
b Number of patients with missing information (of those alive/not alive at 30

days).
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Assessment of the added predictive value of CCI was based on the
change in area under the ROC curve (AUC) and the reclassification
measure of the category-less/continuous net reclassification improve-
ment (NRI). Category-less NRI was chosen to avoid effects of category
definitions as described by Pencina et al. [20]. NRI comprises NRI in
patients with events (alive at 30 days) and NRI in patients without
events (died within 30 days).

Due to the amount of missing data on covariates, we used multiple
imputations for the multivariable analysis. Missing data were assumed
to be missing at random (MAR) (for details see Ref. [19]) and 50 im-
puted datasets were generated with the Markov Chain Monte Carlo
(MCMC) method and using the expectation-maximization (EM) algo-
rithm. Rubin’s rules were used for pooling of the results from the im-
puted datasets. Outcome endpoints were not imputed, and thus only
patients for whom 30-day survival status and whether ROSC occurred
were known, were included in the various analyses. The procedure
above was repeated separately for each analysis above and for the
subgroup analysis of VF/VT patients. Tests were two-sided and p-values
below 0.05 were considered to be statistically significant. All analyses
were performed using SAS software version 9.4 for Windows.

Results

Baseline characteristics

During the study period from 2011 to 2015, a total of 12,012 pa-
tients were included in the study (Fig. 1); 68% were men and the
median age was 72 years. Most OHCAs occurred at home (71%) and
during daytime (66%). Of all the patients, 1598 (13%) survived to 30
days. The chance of survival was 31.7% if the patient was found in VF/
VT and 4.2% if the patient was found with another rhythm. Cardiac
aetiology was presumed in 71% of cases. For details, see Table 1. All of
the 12,012 OHCA patients had at least one recorded visit in the NPR
and 11,455 (95%) of the patients had at least one recorded visit during
the 5 years preceding the occurrence of OHCA of which 8622 had at
least one of the comorbidity conditions included in the CCI recorded.

The baseline characteristics of the groups categorized by CCI score
are presented in Table 2. Altogether, 7520 patients (63%) had CCI≤ 2,
2487 (21%) had CCI 3–4, 1216 (10%) had CCI 5–6, and 789 (7%) had
CCI > 6. There were significant associations between different CCI
score in the year of OHCA, age, initial rhythm, location, bystander CPR,
cardiac aetiology, the use of anti-arrhythmics, and time to start of CPR
for (Table 2).

Association between comorbidities and 30-day survival

The most frequent comorbidities were a history of congestive heart
failure (CHF) (29%), myocardial infarction (MI) (24%), and diabetes

without complications (23%). The comorbidities that had an effect on
survival when adjusted for baseline characteristics in Table 1 were
renal disease (OR 0.53; 95% CI 0.40‒0.72), metastatic carcinoma (OR
0.61; 95% CI 0.40‒0.93), diabetes without complications (OR 0.63;
95% CI 0.52‒0.75) and diabetes with complications (OR 0.65; 95% CI
0.49‒0.84). Of the other comorbidities, only congestive heart failure
reached statistical significance (OR 0.84; 95% CI 0.71‒0.99) for asso-
ciation with 30-day survival (Fig. 2). When using only complete cases in
the analysis we found no major differences from the results above
(using multiple imputations). For details, see Ref. [19].

The CCI seemed to have a stronger association with 30-day survival
when comorbidity conditions had a more recent onset in relation to the
OHCA. For details, see Ref. [19].

The crude survival rates in the different CCI groups are presented in
Table 3. The highest survival rate was found in patients with CCI≤ 2
(16%) while the lowest was found in the group with CCI > 6 (7%).
After adjustment for all baseline characteristics in Table 1, there was a
significant negative gradient for increasing severity of comorbidity,
with an OR for survival of 0.82 (95% CI 0.68‒0.99) in the 3–4 group,
0.62 (95% CI 0.47‒0.83) in the 5–6 group, and 0.51 (95% CI
0.36‒0.72) in the>6 group, in relation to the 0–2 group (Fig. 2).

Comorbidity in patients with initial rhythm VF/VT

Compared to all the patients taken together, the patients found in
VF/VT were younger, a higher proportion were men, a higher propor-
tion had cardiac aetiology, and a higher proportion had had OHCA
outside their home. For details, see Ref. [19]. The most common co-
morbidities in patients found to be in VF/VT were having a history of
CHF (27%), having a history of MI (26%), and diabetes without com-
plications (20%). After adjustment for the same factors at resuscitation
as for all patients (except initial rhythm itself), we found a significant
association between dementia (OR 0.37; 95% CI 0.19‒0.7), renal dis-
ease (OR 0.5; 95% CI 0.34‒0.75), diabetes without complications (OR
0.63; 95% CI 0.49‒0.8), diabetes with complications (OR 0.69; 95% CI
0.49‒0.99), and 30-day survival. For details, see Fig. 3.

Among these patients, 69% had 0–2 CCI points, 18% had 3–4 points,
8% had 5–6 points, and 5% had more than 6 points. As for all the pa-
tients, there was an inverse relationship gradient between increasing
severity of comorbidity and 30-day survival. Compared to the 0–2
group, the adjusted OR for 30-day survival was 0.85 (95% CI
0.66–1.09) in the 3–4 group, 0.62 (95% CI 0.42‒0.92) in the 5–6 group,
and 0.54 (95% CI 0.32‒0.88) in the group with more than 6 CCI points.
For details, see Fig. 3.

Incremental predictive value of CCI

The addition of CCI increased the AUC by 0.0014 (95% CI
0.0001‒0.0028; p=0.04) in the all patients group, and yielded a NRI
of 0.17 (95% CI 0.11‒0.24; p < 0.0001). For the VF/VT patients the
corresponding results were an AUC increase of 0.0028 (95% CI
0.0001‒0.0056; p= 0.04) and a NRI of 0.19 (95% CI 0.10‒0.27;
p < 0.0001).

Association between comorbidity and ROSC

The relationships between comorbidities and any ROSC after ad-
justment are presented in Ref. [19]. The comorbidities that had a sig-
nificant association with ROSC were chronic pulmonary disease (OR
1.18; 95% CI 1.06–1.31), diabetes without complications (OR 0.86;
95% CI 0.78‒0.95), and metastatic carcinoma (OR 0.75; 95% CI
0.61‒0.91). There was a significant negative gradient regarding ROSC
at any time with increasing CCI.

The relationship between CCI and ROSC at hospital admission was
not statistically significant in any group. Patients with CCI 3‒4 had an
OR of 0.9 (95% CI 0.81‒1.01), patients with CCI 5‒6 had an OR of 0.89Fig. 1. Patient selection between 2011 and 2015.
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(95% CI 0.77–1.03), and patients with CCI > 6 had an OR of 0.84
(95% CI 0.70–1.00), in relation to those with CCI 0‒2. For details, see
Ref. [19].

Discussion

In this large nationwide study of patients with witnessed OHCA, our

main finding was that increasing comorbidity was associated with a
lower chance of overall 30-day survival. The relationship was present
both in the group of all patients and in the VF/VT patient subgroup. The
individual comorbidities that were associated with 30-day survival
were renal disease, metastatic carcinoma, diabetes either with or
without complications, and congestive heart failure.

In relation to the published literature our results conflict with some

Table 2
Baseline characteristics in different CCI groups.

ORIGINAL DATA – ALL PATIENTS

CCI 0‒2 CCI 3‒4 CCI 5‒6 CCI > 6
(n= 7,520) (n= 2,487) (n= 1,216) (n= 789) p-value

Year of OHCA: < 0.0001*

2011 1,524 (20.3) 437 (17.6) 215 (17.7) 115 (14.6)
2012 1,481 (19.7) 448 (18.0) 211 (17.4) 144 (18.3)
2013 1,530 (20.3) 497 (20.0) 257 (21.1) 157 (19.9)
2014 1,449 (19.3) 527 (21.2) 247 (20.3) 174 (22.1)
2015 1,536 (20.4) 578 (23.2) 286 (23.5) 199 (25.2)
OHCA during daytime 08‒20 (941)** 4,604 (66.4) 1,518 (65.9) 722 (65.0) 463 (63.7) 0.13
Age, years 70 (48,87) 75 (57,88) 76 (59,88) 75 (58,88) < 0.0001
Female sex 2,364 (31.4) 836 (33.6) 343 (28.2) 263 (33.3) 0.73
VF/VT as initial arrhythmia (433) 2,404 (33.2) 641 (26.7) 263 (22.5) 160 (21.1) < 0.0001
OHCA at home (7) 5,022 (66.8) 1,885 (75.9) 940 (77.3) 623 (79.0) < 0.0001
CPR before arrival of EMS (57) 5,466 (73.0) 1,708 (69.0) 804 (66.6) 532 (67.9) < 0.0001
Mechanical chest compression (881) 2,644 (37.7) 842 (36.9) 429 (38.3) 285 (40.2) 0.58
Cardiac aetiology (561) 4,970 (69.6) 1,738 (73.1) 867 (74.3) 525 (68.7) 0.002
Treatment:
Adrenalin (142) 6,134 (82.5) 2,057 (83.6) 1,026 (85.4) 634 (82.0) 0.09
Intubation (104) 2,738 (36.7) 914 (37.2) 440 (36.4) 270 (34.5) 0.63
Anti-arrhythmics (283) 1,272 (17.3) 362 (15.0) 167 (14.0) 99 (13.0) < 0.0001
Delay, minutes:
Collapse to start of CPR (1,453) 3 (0 – 15) 4 (0 – 16) 4 (0 – 16) 4 (0 – 16) 0.001
Call for EMS to EMS arrival (2,084) 10 (4 – 21) 9 (4 – 21) 9 (5 – 21) 10 (5 – 22) 0.45

Data are presented as number (percentage, %) or median (10th, 90th percentile).
p-ordered CCI groups were used in p-value calculations.
* Year of OHCA as an ordered variable.
** Number of patients with missing information.

Fig. 2. Thirty-day survival for all patients and relation to comorbidity.
*The comorbidities of moderate or severe liver disease and AIDS/HIV were not analyzed in the specific comorbidity conditions above, due to low prevalence (0.6%
and 0.1%), respectively.
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studies and are in line with others. Beesems et al. [6] found that there
was no significant association between previous comorbidity and sur-
vival in patients with OHCA who were over 70 years of age. Nayeri
et al. [9] found that there was no significant association between CCI
and one-year survival in comatose OHCA patients undergoing target
temperature management. Winther-Jensen et al. [8] conducted a si-
milar study using a modified version of CCI and found that there was no
significant association with survival after six months. Terman et al. [5]
found no significant association between CCI and favourable neurolo-
gical outcome in patients with OHCA who had been admitted to the
emergency room. Soholm et al. [7] did not find any association between
CCI and successful resuscitation in a Danish cohort. We do not know
why our results differ from those of previous studies. Possible ex-
planations are that some of the studies have used patients already ad-
mitted to hospital [5,8,9], and also small sample size. Our study was
national and based on high-quality registries (the NPR and the SRCR). It
may be that most of the patients with the highest comorbidity burden
are not admitted to hospital or have “do not attempt resuscitation”
orders. Another explanation might be the use of different methods for
obtaining and assessing information on patient comorbidities or out-
come measures. Finally, the duration of follow-up may have been of
importance for the results.

Of the studies that have found a significant effect of comorbidities
on survival after OHCA, the one performed by Andrew et al. [10] was
the largest. These authors included more than 15,000 adult patients
with OHCA and found a gradient-like decrease in the chance of survival
with increasing CCI. The robustness in both our study and this study
suggests that comorbidities may be associated with a reduced chance of
survival after OHCA, regardless of how patients are selected. The major
difference between our results and those presented in that study is that
Andrew et al. studied all patients who had cardiac arrest regardless of
witness status.

Our reason to only include bystander witnessed OHCA was to
minimize the number of patients with very small chance of survival.
Furthermore, this is the group of patients where other important factors
for the outcome such as delay to treatment are the most appropriately
evaluated. The reason for excluding EMS-witnessed cases was the dif-
ficulty of using bystander CPR and response time in the statistical
model when EMS-witnessed cases were included.

The results presented by Carew et al. [11] and Dumas et al. [13] on
patients with OHCA who were found to be in VF are also in line with
ours. The results from our subgroup analysis on patients with a
shockable rhythm are similar to those presented for all patients. This
finding suggests that comorbidity influences the outcome even in the
patients with the highest chance of survival.

We do not know whether the relationship between comorbidity and
survival after OHCA can be explained solely by biological factors. It is
possible that later hospital treatment works as an intermediate factor
and is influenced by comorbidity. Our results indicate that the asso-
ciation between comorbidity and outcome was not as pronounced when
30-day survival was replaced by ROSC on hospital admission as the
outcome endpoint. These results are in line with those presented by
Soholm et al. [7]. People with a more severe comorbidity may not re-
ceive the same level of care as those without previous diseases. The
results of Winther-Jensen et al. [8] suggest that patients with a less
severe comorbidity are more likely to undergo a coronary angiography
as well as a percutaneous coronary intervention during the first 24 h
after ROSC. Nevertheless, patients with severe comorbidity status

Table 3
Thirty-day survival in different CCI groups.

Survival at 30 days CCI 0‒2 CCI 3‒4 CCI 5‒6 CCI > 6 p-value*

All patients 1200
(16.0)

260 (10.5) 86 (7.1) 52 (6.6) < 0.0001

Patients found in
ventricular
fibrillation

841
(35.0)

173 (27.0) 53 (20.2) 31 (19.4) <0.0001

Patients with another
initial arrhythmia

243
(5.0)

55 (3.1) 23 (2.5) 17 (2.8) < 0.0001

Data presented as number survived (%).
* Ordered CCI group were used in p-value calculations.

Fig. 3. Thirty-day survival for VF/VT patients and relation to comorbidity.
* The comorbidities of moderate or severe liver disease and AIDS/HIV were not analyzed in the specific comorbidity conditions above, due to low prevalence (0.5%
and 0.1%), respectively.
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(CCI > 6) had a significantly lower chance of 30-day survival both for
all patient groups and those with VF/VT as initial rhythm as well for
ROSC at any time.

Among the comorbidity categories, diabetes, both with and without
complications, was associated with a lower chance of 30-day survival in
all patients as well as in patients found in VF/VT, and also when 30-day
survival was replaced by ROSC as the outcome under analysis.
Although one should be cautious when testing multiple factors due to
the risk of finding significant associations by chance, previous studies
have reported similar results [21].

The finding that most of the comorbidity conditions showed trends
towards a stronger association with the outcome when identified closer
to the OHCA event may be somewhat expected but is novel information.
These findings have implications for the management and education
surrounding the various comorbidity conditions.

Our results, together with the results of recent studies with similar
measurements of comorbidity [10,13], suggest that comorbidity is an
important factor to take into account in studies on patients with OHCA.

Further studies should investigate whether the in-hospital treatment
alters the influence of comorbidity on the outcome after OHCA.

Strengths and limitations

The present study had several strengths. The SRCR includes all EMS
services in Sweden, resulting in a sufficient sample size with almost no
missing 30-day survival data. Data on previous comorbidities are col-
lected from the comprehensive NPR registry, which has included all
out-patient and in-patient care in Sweden since 2001.

We used multiple imputation techniques to handle the problem with
potential bias when including only complete data.

There were also some limitations. We only had data on comorbidity
five years before the OHCA occurred. In the NPR, the diagnoses do not
take account of the grade and the duration of the disease. We were not
able to adjust for in-hospital factors or treatment. Healthier patients
may be more likely to receive more aggressive treatment in the post-
resuscitation phase, which could explain part of the relationship be-
tween comorbidity and 30-day survival after OHCA.

Finally, it is uncertain whether our experiences from Sweden could
be extrapolated to other parts of the world due to a number of reasons
including genetic, cultural and psychosocial factors.

Conclusion

This national study has shown that with increasing comorbidity,
measured with CCI, the chance of survival to 30 days after OHCA is
decreasing. This association remained after covariate adjustment.
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