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Abstract

Introduction: Low socioeconomic status has been associated with worse outcome after cardiac arrest. This study aims to investigate if patients�income

influences the probability to receive early coronary angiography in out-of-hospital cardiac arrest (OHCA) patients.

Methods: In this nationwide retrospective observational study, 3906 OHCA patients admitted alive and registered in the Swedish Registry for

Cardiopulmonary Resuscitation were included. Individual data on income and educational level, prehospital parameters, coronary angiography results

and comorbidity were linked from SWEDEHEART and other national registers.

Results: Patients were divided into quarters depending on their income level. In the unadjusted model there was a strong correlation between income

level and rate of early coronary angiography where 35.5% of patients in the highest income quarters received early angiography compared to 15.4% in

the lowest income quarters. When adjusting for educational level, sex, age, comorbidity and hospital type, there were still higher chance of receiving

early coronary angiography with increasing income, OR 1.31 (CI 1.01�1.68) and 1.67 (CI 1.29�2.16) for the two highest income quarters respectively

compared to the lowest income quarter. When adding potential mediators to the model (first recorded ECG rhythm by the EMS, location, response time,

bystander cardiopulmonary resuscitation and if the arrest was witnessed) no difference in early angiography related to income level where found. The

main mediator was first recorded ECG rhythm.

Conclusion: Income level is associated with the probability to undergo early coronary angiography in OHCA patients. This association seems to be

mediated by the initial ECG rhythm.
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Introduction

Despite improvement in the care of out-of-hospital cardiac arrest
(OHCA) patients, mortality remains high. Bystander cardiopulmonary
resuscitation (CPR) and early defibrillation are associated with
improved outcomes. Others measures performed after return of

spontaneous circulation (ROSC), e.g. target temperature manage-
ment (TTM) and the role of coronary angiography in patients without
ST-elevation are still unclear.1,2

Several studies have shown worse outcomes after OHCA in
patients with low socioeconomic status.3,4 This has mainly been
attributed to factors outside the reach of the healthcare system caring
for the patient after the arrest, e.g. lower rates of bystander CPR and
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more complex comorbidities. The pattern of association between
socioeconomic status and outcome is also described in other of
intensive care diagnoses, such as sepsis.5 Studies from other medical
fields than intensive care have shown that socioeconomic factors
might influence the chance to receive certain treatments or
interventions, even in publicly financed health care systems.6,7

Furthermore, the access and time to coronary angiography after
myocardial infarction without the complication of a cardiac arrest has
been shown to be influenced by income and educational level in some
studies.8

Several retrospective studies have investigated if early coronary
angiography in patients without ST-elevation is associated with
improved survival with diverging results.9�11 The first trial randomizing
patients without ST-elevation after OHCA to immediate coronary
angiography or “conventional” treatment could not find any difference
in survival between the groups.12 Despite this uncertainty regarding
potential benefits or risks, many centers perform immediate coronary
angiography in all OCHA patients with a presumed cardiac cause. In
addition, current guidelines recommend to consider immediate
coronary angiography even in OHCA patients without ST-elevation
if they are considered “high-risk” for coronary artery pathology.2,13

How these “high-risk” patients are selected for early coronary
angiography in clinical practice is however unknown and relies on
subjective decision making by the clinician.

Our hypothesis was that high income level could increase the
probability whether patients after OHCA underwent early coronary
angiography.

Methods

Study design

This retrospective registry study was based on prospectively collected
data from several national Swedish registers. The merging of data was
possible by using the personal identification numbers which are
unique for all Swedish inhabitants. Data on all patients admitted
alive and registered in the Swedish Registry for Cardiopulmonary
Resuscitation during 2008�2013 were retrieved. These were then
merged with the SWEDEHEART registry (Swedish Web-system for
Enhancement and Development of Evidence-based care in Heart
disease Evaluated According to Recommended Therapies) contain-
ing both coronary angiography data and information on presenting
electrocardiogram (ECG). Missing ECG were completed with ECG
from the patients�medical record and interpreted by one cardiologist
prior to the analyses. Finally, data on income and educational level
and comorbidities were retrieved from two other national registries,
Statistics Sweden and the National Patient Register (NPR) respec-
tively. Early angiography was defined as coronary angiography the
same date as the cardiac arrest.

The registers

The Swedish Registry for Cardiopulmonary Resuscitation (SRCR) is a
nationwide register reporting mainly prehospital parameters and 30-
day survival. All emergency medical services (EMS) in Sweden
reports to the registry. Coverage rate is today almost complete and
has been excellent during the last ten years. Significantly fewer
patients were reported during 2008 reflecting lower coverage during
the first year included in this study.

The SWEDEHEART registry contains several national registers in
the cardiovascular field, covering both coronary angiography and data
from coronary care units. All coronary angiography units in Sweden
reports to the registry with excellent coverage on mandatory
parameters describing findings and interventions during coronary
angiography. Patient registered at coronary care units are reported
to SWEDEHEART with data on e.g. ECG on admission and
comorbidities.

Statistics Sweden contains information on e.g. income and
educational level for all Swedish citizens with a personal identification
number.

In the National Patient Register, diagnoses and date the diagnoses
are reported in patients� medical records are registered. This only
applies for diagnoses reported by specialized care units, both patients
admitted to hospital and out-clinic visits.

Study population

Data on 5177 patients registered in the SRCR with OHCA and
admitted alive to Swedish hospitals during 2008�2013 were retrieved.
After exclusion of patients under 18 years and crew witnessed arrests,
3906 patients were included in the analyses.

Socioeconomic data and comorbidity

Individual disposable income, including income from social security
systems were retrieved from Statistics Sweden. The cohort were
divided into income quarters for some of the statistical analyses
(Q1 representing the lowest income group and Q4 the highest income
group) and income level were treated as a continuous variable in other
parts of the statistics.

Patients were divided into three groups based on their level of
education, no more than elementary school (maximum 9 years), upper
secondary school (generally no more than 12 years), and higher
education (mainly university studies).

Diagnoses set prior to the cardiac arrest were converted to a
Charlson comorbidity index (CCI) score.

Statistical analysis

Categorial variables are presented as counts and proportion while
continuous variables are presented with median and interquartile
range. Missing data were handled by multiple imputations by chained
equations (MICE). Missing were assumed to be missing at random.
Ten datasets were imputed, and the results were pooled using Rubin’s
rules.

Early angiography was analyzed using logistic regression
analysis. Four different models were used. Model 1; adjusting for
educational level, model 2; adjusted for potential confounders and
hospital type (sex (men/women), age, age2, hospital type (university
hospital/regional hospital/district hospital) and comorbidity (Charlson
comorbidity index)), model 3; adjusted for confounders (above) and
certain Utstein variables (location (at home/public), EMS response
time, bystander CPR (yes/no) and witnessed status (yes/no)) and
model 4; adjusted for all the factors above and initial ECG rhythm
(shockable/non-shockable). As a sensitivity analysis the relationship
between income and early angiography were analyzed using multiple
logistic regression with restricted cubic splines for the continuous
income variable. The number of splines was 3 in all restricted cubic
spline analyses. The same 4 models listed above were used. P-values
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below 0.05 were regarded as statistically significant. All analyses were
performed using R version 3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria). The regional ethics board in Stockholm
approved the study (id = 2014/1139�31/2, 2016/361�32 and 2018/
951�32).

Results

Among 5177 OHCAs admitted alive to hospital 1166 were excluded
due to witnessed by EMS. Another 105 patients were excluded due
to age less than 18 years. The final analytic sample included
3906 patients.

Baseline characteristics for the different income quarters are
presented in Table 1. Notable differences were seen in sex with 47.8%
females in Q1 (lowest income group) compared to 14.8% in Q4
(highest income group). The low-income quarter had generally more
CCI points compared to the highest income quarter. The median age
was lowest in the highest income group (Q4) but the relation between
age and income was not linear since the lowest income group (Q1) had
lower median age than patients in income groups Q2 and Q3. There
were more patients suffering their cardiac arrest at home in Q1
(65.7%) compared to Q4 (49.3%) and a lower proportion receiving

bystander CPR (Q1 = 65%, Q4 = 80.9%). Notable differences were
also seen in shockable initial ECG rhythm (Q1 = 37.6%, Q4 = 64%).

The proportion receiving early angiography (day 1) followed a
positive gradient. The lowest proportion were seen among Q1 with
15.4% and the highest was seen in Q4 where 35.5% received early
angiography. The same pattern was seen for all hospital types. (Fig. 1)

The results from the logistic regression analyses are shown in
Fig. 2. In the first model, adjusted for education there was a clear
relationship between income and the odds of receiving early
angiography (Q4, OR 3.05, 95% CI = 2.43�3.85). This relationship
was attenuated when adjusting for potential confounders, but the
positive relationship remained (Q4, OR 1.64, 95% CI = 1.27�2.11). In
the third model where confounders and Utstein factors were added the
relationship was only slightly attenuated (Q4, OR 1.57, 95% CI = 1.22
�2.04). In the fourth where initial ECG rhythm were added the
relationship became much weaker and lost the statistical significance
(Q4, OR 1.25, 95% CI = 0.96�1.62).

The results from the restricted cubic spline models show similar
results with a very strong positive association when adjusting for only
education (Fig. 3A). The association follow a linear pattern up to
around 30 000 Euro where the association flattens out. When adjusted
for potential confounders (Fig. 3B), and certain Utstein variables
(Fig. 3C) the association attenuates but still remain. In the last model

Table 1 – Baseline characteristics.

Q1 Q2 Q3 Q4 Missing

n 974 971 974 968
Age (median [IQR]) 67.0 [50.2, 78.0] 73.0 [65.0, 81.0] 69.0 [60.0, 78.0] 62.0 [53.0, 69.0] 0.0
Female (%) 466 (47.8) 322 (33.2) 226 (23.2) 143 (14.8) 0.0
YEAR (%) 0.0
2008 58 (6.0) 58 (6.0) 58 (6.0) 57 (5.9)
2009 97 (10.0) 97 (10.0) 97 (10.0) 96 (9.9)
2010 183 (18.8) 182 (18.7) 183 (18.8) 182 (18.8)
2011 197 (20.2) 196 (20.2) 197 (20.2) 196 (20.2)
2012 200 (20.5) 199 (20.5) 200 (20.5) 199 (20.6)
2013 239 (24.5) 239 (24.6) 239 (24.5) 238 (24.6)
CCI score (%) 7.4
0 468 (50.6) 408 (44.3) 454 (49.9) 561 (65.8)
1 91 (9.8) 101 (11.0) 83 (9.1) 50 (5.9)
2 201 (21.7) 201 (21.8) 176 (19.4) 149 (17.5)
3 84 (9.1) 98 (10.6) 92 (10.1) 29 (3.4)
4 44 (4.8) 62 (6.7) 51 (5.6) 27 (3.2)
5 14 (1.5) 27 (2.9) 26 (2.9) 14 (1.6)
6 or more 23 (2.5) 25 (2.7) 27 (3.0) 22 (2.6)
Education (%) 2.5
Primary 532 (57.8) 489 (51.4) 318 (32.9) 185 (19.2)
Secondary 319 (34.6) 379 (39.8) 452 (46.8) 424 (44.0)
Post-secondary > = 2y 70 (7.6) 84 (8.8) 196 (20.3) 355 (36.8)
Hospital type (%) 0.0
District 327 (33.6) 313 (32.2) 305 (31.3) 268 (27.7)
Regional 332 (34.1) 332 (34.2) 344 (35.3) 319 (33.0)
University 315 (32.3) 326 (33.6) 325 (33.4) 381 (39.4)
Response time (median [IQR]) 7.0 [4.0, 11.0] 7.0 [4.0, 10.0] 7.0 [4.0, 11.0] 7.0 [5.0, 11.0] 4.2
Arrest at home (%) 640 (65.7) 619 (63.7) 564 (57.9) 477 (49.3) 0.0
Witnessed (%) 701 (76.1) 768 (82.1) 751 (80.8) 766 (81.4) 4.1
Shockable rhythm (%) 336 (37.6) 401 (44.3) 503 (55.3) 585 (64.0) 6.8
Bystander CPR (%) 626 (65.0) 642 (66.7) 695 (72.2) 779 (80.9) 0.9

Q1-Q4: Income quarters (Q1-lowest income, Q4-highest income). CCI-score � Charlson comorbidity index.
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Fig. 1 – Proportion receiving early angiography. Q1-Q4: Income quarters (Q1-lowest income, Q4-highest income). All
patients and categorized by hospital type.

Fig. 2 – Forest plot. Adjusted OR for receiving early angiography. Q1-Q4: Income quarters. Adjustments for confounders
(Model 2) includes education, age, hospital type and comorbidity. In Model 3, adjustment for location, response time,
bystander CPR and witnessed status is added. In Model 4, adjustment for initial ECG rhythm is added.
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(Fig. 3D) where initial ECG rhythm is added the association further
weakens.

The pattern was the same for coronary angiography within 4 weeks
as for early angiography (Table 2). Patients in the low-income quarter
were less likely receiving angiography within 4 weeks (6.9%) than
patients in the high-income quarter (21.0%). Table 2 also presents
30-day survival per income group. In the fully adjusted model (model
4), patients in the highest income quarter had a higher 30-day survival
compared to the lowest income group, OR 1.51 (CI 1.22�1.89).

Discussion

The main finding of this study is that income level is associated with the
use of early coronary angiography in OHCA patients, i.e. those with
higher income level more often receives earlier coronary angiography
than patients with lower income. Significant differences remain after
adjusting for confounders, e.g. age and comorbidities. The main
explanatory mediator in this material is initial ECG rhythm recorded by

Fig. 3 – Restricted cubic splines of income and early angiography. Result from the 10 imputed datasets. Predicted
proportion receiving early coronary angiography in relation to income on y-axis. 4 models adjusted for factors
described in each figure.
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the EMS. Our results show that patients with higher income have
higher rates of shockable ECG rhythms which seems to explain the
difference in the rate of early coronary angiography.

Several studies have investigated socioeconomic status (SES)
impact on various aspects of OHCA.3,4,14,15 These have in general
focused on prehospital factors like bystander CPR and on outcome.
The finding that low SES is associated with worse outcomes have
been explained by e.g. more comorbidities, lower rate of bystander
CPR and longer ambulance response times. This study is, as far as we
know, the first attempt to investigate if in-hospital care after OHCA
differs for patients based on their socioeconomic status. The patients
in this study were treated in the Swedish health care system, which is
publicly funded, i.e. patients are treated in the same hospitals
regardless of their SES or private insurance.

The finding that high SES were related to a higher rate of early
coronaryangiography evenafteradjusting for confounderswere in itself
interesting and led to a search for explanatory factors. In our model we
could adjust for several potential mediators and initial shockable rhythm
was the strongest factor to explain our initial finding. After adjusting for
first recordedECG rhythmbythe EMSnosignificantdifference between
income and early coronary angiography were found. That patients with
shockableECGrhythmsaremore likely tobesubjects forearly coronary
angiography is not surprising since shockable ECG rhythm is generally
seen as a strong predictor for a cardiac cause of the arrest. The finding
that patients with high SES are more likely to present with shockable
ECG rhythm is however novel and raises several questions.

The lower rate of shockable ECG rhythms in patients with lower
income could of course be due to a higher incidence of non-cardiac
causes for the arrest, e.g. hypoxic cardiac arrest due to higher rates of
pulmonary disease as well as higher rates of intoxications and
traumatic cardiac arrests. In those cases, a lower rate of coronary
angiography is clinically undebatable. However, even shockable ECG
rhythms eventually transform to non-shockable ECG rhythms if there
are delays in CPR or when prolonged CPR is done due to no ROSC.
Previous studies (as well as ours) have reported a lower rate of
bystander CPR and discussed about poorer CPR quality in areas with
low SES.4 It is thus likely that a higher proportion of patients with low
SES with cardiac cause and shockable ECG rhythm immediately after
the arrest, has a non-shockable ECG rhythm upon arrival of
prehospital personnel. These patients might be mistaken as having

a low risk of a coronary artery cause for the cardiac arrest due to the
false assumption that initial ECG rhythm was non-shockable. This
theory is strengthened by the finding in another study where patients
without ST-elevation after ROSC with non-shockable ECG rhythms
received PCI to a similar extent as patients with shockable ECG
rhythms when undergoing coronary angiography.16

This study also presents outcome data in terms of 30-day
survival. In the fully adjusted model patients in the highest income
quarter still had a higher rate of 30-day survival than patients in the
lowest income group. To investigate this was not the aim of this
study and the finding should thus be interpreted with caution.
However, this finding is in itself interesting since the data in this
study is from high quality registers with good data on important
aspects for outcome, e.g. initial ECG rhythm, bystander CPR and
comorbidity. This finding needs to be confirmed in other studies, and
if consistent, further analyzes of in-hospital care and rehabilitation in
relation to SES should be carried out.

Strengths and limitations

The study has several strengths. First of all, it makes usage of multiple
high-quality registers. Second it uses individual level SES data which
is uncommon in OHCA studies. Third, analyses were performed both
on income as quarters and as a continuous variable. Fourth, missing
data were imputed.

It also has several limitations. The data used is from the years 2008
�2013. A more invasive approach during recent years in the cardiac
arrest patients might provide a different result if a new study compared
our results with a cohort with cardiac arrest after ERC guidelines from
2015.2 Due to the observational nature of the data we cannot exclude
residual confounding as an explanation for our results. Since only
date, and not time, for the coronary angiography were available for
many patients, early angiography was defined as performed the same
date as the cardiac arrest. Thus, some patients, with their cardiac
arrest before midnight and coronary angiography just after midnight,
might be misclassified as no early coronary angiography. After
analyzing data from patients where time for angiography were
available (not presented), we are confident that this limitation does not
significantly affect the result of the study. Finally, the socioeconomic
situation and its relation to healthcare utilization, is affected by many

Table 2 – Rate of coronary angiography per income quarters and 30-day survival.

Q1 Q2 Q3 Q4

n 974 971 974 968
Angiography
Early (%) 150 (15.4) 186 (19.2) 236 (24.2) 344 (35.5)
Day 1�28 (%) 67 (6.9) 97 (10.0) 133 (13.7) 203 (21.0)
After 4 weeks (%) 15 (1.5) 18 (1.9) 26 (2.7) 18 (1.9)
No angiography (%) 742 (76.2) 670 (69.0) 579 (59.4) 403 (41.6)

30-day survival (%) 334 (34.3) 308 (31.7) 392 (40.2) 550 (56.8)
Model 1 (OR, 95% CI) 1 0.89 (0.74�1.08) 1.3 (1.07�1.56) 2.55 (2.1�3.1)
Model 2 (OR, 95% CI) 1 0.98 (0.8�1.2) 1.24 (1.01�1.51) 1.95 (1.58�2.42)
Model 3 (OR, 95% CI) 1 0.94 (0.76�1.15) 1.18 (0.96�1.45) 1.81 (1.45�2.25)
Model 4 (OR, 95% CI) 1 0.91 (0.73�1.13) 1.02 (0.83�1.26) 1.51 (1.22�1.89)

Q1-Q4: Income quarters (Q1-lowest income, Q4-highest income). Model 1 adjusted for education. Adjustments for confounders (Model 2) includes education, age,
hospital type and comorbidity. In Model 3, adjustment for location, response time, bystander CPR and witnessed status is added. In Model 4, adjustment for initial
ECG rhythm is added.
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factors in the organization of the healthcare system, e.g. if healthcare
is publicly funded. This limits the international generalizability of this
study, but one can speculate that socioeconomic factors might have a
bigger impact on cardiac arrest care in countries where healthcare is
based more on private financing.

Conclusion

Patients with low disposable income are less likely to receive early
coronary angiography. This association is mostly explained by a lower
proportion ofshockable initialECGrhythm.Patients in thehighest income
group had higher 30-day survival than the lowest income group. This
finding is the result of a secondary analyses and not prespecified in the
aim. The outcome result should therefore be interpreted with caution.
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