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Inequalities in Income and Education Are
Associated With Survival Differences After
Out-of-Hospital Cardiac Arrest: Nationwide
Observational Study

Martin Jonsson®, PhD; Juho Harkénen, PhD; Petter Ljungman, MD, PhD; Per Nordberg, MD, PhD;
Mattias Ringh, MD, PhD; Geir Hirlekar®, MD, PhD; Araz Rawshani, MD, PhD; Johan Herlitz, MD, PhD;
Rickard Ljung, MD, PhD; Jacob Hollenberg, MD, PhD

BACKGROUND: Despite the acknowledged importance of socioeconomic factors as regards cardiovascular disease onset and
survival, the relationship between individual-level socioeconomic factors and survival after out-of-hospital cardiac arrest is
not established. Our aim was to investigate whether socioeconomic variables are associated with 30-day survival after out-
of-hospital cardiac arrest.

METHODS: We linked data from the Swedish Registry for Cardiopulmonary Resuscitation with individual-level data on
socioeconomic factors (ie, educational level and disposable income) from Statistics Sweden. Confounding and mediating
variables included demographic factors, comorbidity, and Utstein resuscitation variables. Outcome was 30-day survival.
Multiple modified Poisson regression was used for the main analyses.

RESULTS: A total of 31373 out-of-hospital cardiac arrests occurring in 2010 to 2017 were included. Crude 30-day survival
rates by income quintiles were as follows: Q1 (low), 414/6277 (6.6%); Q2, 339/6276 (5.4%); O3, 423/6275 (6.7%); Q4,
652/6273 (10.4%); and Q5 (high), 928/6272 (14.8%). In adjusted analysis, the chance of survival by income level followed
a gradient-like increase, with a risk ratio of 1.86 (95% Cl, 1.65-2.09) in the highest-income quintile versus the lowest. This
association remained after adjusting for comorbidity, resuscitation factors, and initial rhythm. A higher educational level was
associated with improved 30-day survival, with the risk ratio associated with postsecondary education >4 years being 1.51
(95% ClI, 1.30—1.74). Survival disparities by income and educational level were observed in both men and women.

CONCLUSIONS: In this nationwide observational study using individual-level socioeconomic data, higher income and higher
educational level were associated with better 30-day survival after out-of-hospital cardiac arrest in both sexes.
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ut-of-hospital cardiac arrest (OHCA) affects
Oz180000 individuals in the United States' and
~300000 in Europe annually, with an overall
mortality rate of *90%.? Previous research has estab-

lished clinical factors that improve survival after OHCA,?
but less attention has been paid to socioeconomic dif-

ferences, despite the well-known associations between
socioeconomic status (SES) and other cardiovascular
health outcomes.*® The majority of studies concerning
the relationship between SES and survival after OHCA
have involved area-level measurements.”® However, the
association between individual-level SES and survival
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Clinical Perspective

What Is New?

* Until recently, most research on socioeconomic
differences in out-of-hospital cardiac arrest has
involved area-level data.

* Owing to the risk of high collinearity, often only
1 socioeconomic status measurement has been
used; our study shows that both disposable income
and education have independent associations with
30-day survival after out-of-hospital cardiac arrest.

* The relationship between disposable income and
30-day survival is more robust for mediating factors
compared with educational level.

What Are the Clinical Implications?

» These findings highlight the importance of preven-
tive efforts aimed at patients with lower socioeco-
nomic status.

* These preventive actions could include both early
recognition/warning signs and cardiopulmonary
resuscitation/automated external defibrillator training.

Nonstandard Abbreviations and Acronyms

AED automated external defibrillator
CPR cardiopulmonary resuscitation
EMS emergency medical services
OHCA out-of-hospital cardiac arrest

RR risk ratio
SES socioeconomic status

SRCR Swedish Register for Cardiopulmonary
Resuscitation

after OHCA has not been properly established, primarily
because of lack of access to a large amount of repre-
sentative individual-level data, which is a shortcoming in
previous research.

Research using data at neighborhood or other aggre-
gated levels can lead to biased conclusions concerning
relationships at the individual level as a result of ecologic
fallacies.® Previous studies carried out with individual-
level data are few and have suffered from small sample
sizes as well as reliance on specific subgroups of the
OHCA population, such as children and adolescents,
patients with shockable rhythm,"" patients admitted to
hospital,'? and cardiac arrests of cardiac origin.”

Socioeconomic disparities in OHCA survival high-
light the importance of appropriate policy measures that
address the underlying causes of lower rates of survival
in some groups—such as policies to reduce disparities in
comorbidities and patterns of health behavior—as well as
targeted interventions, such as training in cardiopulmo-

1916 December 14, 2021

SES and OHCA Survival

nary resuscitation (CPR) and placement of automated
external defibrillators (AEDs).

The aim of the present study was to investigate, in
representative nationwide data, whether individual-level
socioeconomic factors, measured by educational level
and disposable income, are associated with 30-day sur-
vival of patients with OHCA.

METHODS
Study Design and Setting

This observational registry-based cohort study includes all
registered OHCAs in Sweden between January 1, 2010,
and December 31, 2017 Sweden has a population of =10
million and covers 4560295 km? Ambulances in Sweden
are usually staffed by registered nurses and medical tech-
nicians. In cases of OHCA, 2 ambulances are dispatched
and in addition to these, firefighters and police officers are
dispatched in some regions. A number of regions have a
system in which volunteers are dispatched to perform CPR
and to fetch AEDs.

Data Availability

Data cannot be shared for privacy reasons. Detailed analytic
methods will be shared on reasonable request.

Swedish Register of Cardiopulmonary

Resuscitation

The Swedish Register of Cardiopulmonary Resuscitation
(SRCR) maintains a national high-quality register with sup-
port from the Swedish Association of Local Authorities and
Regions. The SRCR was created in the early 1990s, and since
2010, all emergency medical services (EMS) providers in
Sweden report to it. The report template for the SRCR follows
Utstein guidelines.'

Sociodemographic Data

Data on disposable income, the highest educational level
attained, and marital status were collected from Statistics
Sweden, which keeps registers on all residents in Sweden.
Income was measured as disposable income per consump-
tion unit,'® which reflects a weighted income on the basis of
family structure (eg, 2 adults with no children would have
a lower weight compared with 2 adults with 2 children). All
residents in Sweden have a unique personal identification
number, allowing us to link data from SRCR to Statistics
Sweden'’s registers.

Comorbidity Data

Comorbidity data were collected from the National Patient
Registry. The National Patient Registry is maintained by the
National Board of Health and Welfare and collects International
Classification of Diseases—10 codes for all inpatient and outpa-
tient visits in Sweden. We collected International Classification
of Diseases—10 codes covering a b-year period before each
OHCA. The codes were later recoded into the Charlson
Comorbidity Index using updated weights.'®
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Geographic Data

Distance to the nearest hospital was calculated by using
an open street map routing machine and the proportions of
cases with a foreign background during 2017 (defined as
either born outside Sweden or born in Sweden with both par-
ents born abroad) were calculated in demographic statistics
areas. These areas were developed by Statistics Sweden and
are similar to census tracts.

Exposure and Outcome

Income and educational level were obtained for the year before
the OHCA. Income was coded into quintiles stratified by year.
Education was categorized into primary (<9 years), secondary
(12 years), postsecondary up to 2 years more (13-14 years),
postsecondary up to 3 years more (15 years), and postsec-
ondary up to 4 years or more (=16 years). The outcome was
survival to 30 days after OHCA.

Selection of Patients

Patients <25 years of age were excluded because many of them
may have been pursuing postsecondary education. OHCAs wit-
nessed by EMS were excluded from the main analysis because
of the questionable validity of some variables, especially
bystander CPR and EMS response time. The cases witnessed
by EMS are presented as a separate analysis in Table S1.

Statistical Analyses

Categorial variables are presented as counts and propor-
tions and continuous variables as medians and quartiles.
To account for missing data on covariates, multiple imputa-
tion with chained equations was used. Missing data were
assumed to be missing at random. Regression analysis was
used in each of the 10 imputed datasets and the results were
pooled using Rubin rules.

Separate multivariable analyses were conducted for income
and educational differences in relation to survival. Five modi-
fied Poisson regression'” models were estimated in each
case: model 1 included the socioeconomic measure of primary
interest (income or education) as well as potential confound-
ers (sex, age, retired/not retired, year, and marital status). In
model 2, we added Charlson Comorbidity Index, and in model
3, we added the other SES indicator (ie, income for analysis of
educational disparities and vice versa). Model 4 included the
abovementioned variables as well as the Utstein resuscitation
variables (EMS response time, location, witnessed status, etiol-
ogy, bystander CPR, CPR by firefighters/police), and in model
5 we also added initial rhythm (shockable/nonshockable). We
used 2 additional models in a subset where we had information
on route distance to the nearest hospital (model 6) and the
proportion of persons with a foreign background (in quintiles)
in the area where the cardiac arrest occurred. In the education
analysis, model 1 was regarded as the primary model. In the
income analysis, model 3 was regarded as the primary model,
because all potential confounders were included. Continuous
variables (age, EMS response time) were included as natural
cubic splines with 3 knots.

Subgroup analyses were performed in relation to sex,
adjusting for the potential confounders (models 1 and 3 above).
All tests were 2-sided and A<0.05 was considered statistically
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significant. All analyses were performed in R version 4.0.3
(R Foundation for Statistical Computing). The regional eth-
ics board in Stockholm approved the study and the require-
ment of informed consent was waived (identification number
2017/714-31/5).

RESULTS

As shown in Figure 1, 40687 OHCAs occurred be-
tween 2010 and 2017. Of these, 2050 occurred in peo-
ple younger than 25 and these cases were excluded.
An additional 5360 cases were excluded because they
were witnessed by EMS and another 352 cases were
excluded because of missing data on survival status.
In 765 cases, there was missing information on fam-
ily disposable income and in an additional 671 cases
there was missing information on education. An ad-
ditional 116 persons had >1 OHCA during the study
period; in these cases, the first OHCA was included.
The main analytic sample consisted of 31373 patients
with OHCA. We excluded an additional 3441 patients
without geographic information in the secondary ana-
lytic sample (Figure 1).

Baseline characteristics in relation to income level
are presented in the Table. Notable differences between
the income groups were seen in age, sex, proportion
with shockable initial rhythm (Q1, 16.4%; Q5, 31.5%),
bystander CPR (Q1, 56.9%; Q5, 66.0%), marital status,
and educational level. The same table categorized by
education is included in Table S2.

Crude Differences in Survival

The proportion of patients alive after 30 days (catego-
rized by disposable income) was 6.6% (414/6277)
in the lowest income quintile compared with 14.8%
(928/6272) in the highest income quintile. The cor-
responding proportion among patients with only prima-
ry education was 7.2% (945/13210) compared with
13.1% (185/1414) among patients with >4 years of
tertiary education.

Associations Between Income Level and 30-
Day Survival After OHCA

Figure 2 shows risk ratios (RRs) of 30-day survival after
OHCA for each income quintile in comparison with the
lowest income quintile from b separate covariate models.
The results were consistent across models 1 (sex, age,
year of OHCA, retirement, and marital status) and 2 (co-
morbidity), demonstrating a clear positive income gradi-
ent in survival after OHCA. In our main model adjusted
for educational level (model 3), the RRs were only slight-
ly attenuated in comparison with those in models 1 and
2, with an RR of 1.86 (95% ClI, 1.65-2.09) in the high-
est income group. Adjustment for Utstein resuscitation
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OHCAs in Sweden
2010-2017
n= 40,687

Y
OHCAs 2 25 years
of age n= 38,637

Age < 25 years
n= 2050

EMS witnessed

>| n= 5360

Missing outcome

OHCAs
n=32,925

71 n= 352

Missing income

>| n=765

Missing education

)I n=671

Main analytical
sample n=31,373

n=116

)| More than 1 OHCA

Secondary

analytical sample
n=27,932

No geographical
information n= 3441

Figure 1. Selection of patients.

EMS indicates emergency medical services; and OHCA, out-of-hospital cardiac arrest.

variables (model 4) attenuated the results further (RR for
Qb versus Q1, 1.56 [95% ClI, 1.39—-1.74]), and in model
5, where initial rhythm was added, the RR for survival was
attenuated further to 1.34 (95% CI, 1.21-1.49) in the
highest income group.

Addition of route distance to nearest hospital (model
6) and proportion of people with a foreign background in
the area of the OHCA (model 7) only slightly affected the

1918 December 14,2021

results; the RR in the highest income quintile was 1.38
(95% Cl, 1.23-1.65)

Associations Between Educational Level and
30-Day Survival After OHCA

Associations between educational level and 30-day
survival after OHCA consistently demonstrated higher

Circulation. 2021;144:1915-1925. DOI: 10.1161/CIRCULATIONAHA.121.056012
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Table. Baseline Characteristics by Income Quintiles
Disposable income quintiles

Characteristics Q1 Q2 Q3 Q4 Q5 SMD
N 6277 6276 6275 6273 6272
Age, y 69 (55, 82) 78 (69, 85) 77 (69, 83) 70 (61, 78) 66 (59, 73) 0.389
Female sex 2627 (41.9) 2696 (43.0) 1756 (28.0) 1640 (26.1) 1437 (22.9) 0.241
Marital status

Married 1395 (22.6) 2302 (36.8) 3901 (62.3) 4008 (64.1) 4242 (67.8) 0.510

Unmarried 2311 (37.5) 1265 (20.2) 871 (13.9) 1116 (17.8) 1004 (16.0) 0.245

Divorced 1435 (23.3) 1418 (22.6) 787 (12.6) 689 (11.0) 690 (11.0) 0.195

Widowed 1023 (16.6) 1277 (20.4) 703 (11.2) 442 (7.1) 325 (5.2) 0.248

Retired 3607 (57.5) 5141 (81.9) 5196 (82.8) 4200 (67.0) 3366 (53.7) 0.371
Year 0.001

2010 666 (10.6) 666 (10.6) 666 (10.6) 666 (10.6) 666 (10.6)

2011 740 (11.8) 740 (11.8) 740 (11.8) 739 (11.8) 739 (11.8)

2012 747 (11.9) 746 (11.9) 746 (11.9) 746 (11.9) 746 (11.9)

2013 790 (12.6) 790 (12.6) 790 (12.6) 790 (12.6) 790 (12.6)

2014 793 (12.6) 793 (12.6) 793 (12.6) 793 (12.6) 792 (12.6)

2015 834 (13.3) 834 (13.3) 834 (13.3) 833 (13.3) 833 (13.3)

2016 844 (13.4) 844 (13.4) 843 (13.4) 843 (13.4) 843 (13.4)

2017 863 (13.7) 863 (13.8) 863 (13.8) 863 (13.8) 863 (13.8)
Time, call to arrival, min 9 (6, 15) 9 (6, 14) 9 (6, 14) 10 (6, 15) 10 (6, 15) 0.046
Time, collapse to call, min 3(1,6) 3(1,6) 3(1,6) 3(1,6) 2(1,5) 0.039
Public location 1634 (26.0) 1468 (23.4) 1450 (23.1) 1729 (27.6) 2051 (32.7) 0.105
Witnessed OHCA 3449 (56.2) 3797 (61.7) 3918 (63.7) 3802 (62.0) 3905 (63.5) 0.069
Cardiac cause 4748 (79.0) 5175 (85.8) 5283 (87.8) 5138 (85.6) 5185 (86.3) 0.099
Shockable rhythm 1002 (16.4) 1069 (17.4) 1372 (22.3) 1583 (25.8) 1932 (31.5) 0.184
Bystander CPR 3574 (56.9) 3536 (56.4) 3399 (54.2) 3850 (61.4) 4137 (66.0) 0.117
First responder CPR 1533 (29.5) 1354 (26.3) 1442 (28.4) 1515 (28.5) 1469 (26.5) 0.038
CCl 0.137

Oto1 3596 (57.3) 3192 (50.9) 3210 (51.2) 3598 (57.4) 3962 (63.2)

2103 2250 (35.8) 2570 (40.9) 2524 (40.2) 2168 (34.6) 1852 (29.5)

4to6 302 (4.8) 385 (6.1) 416 (6.6) 358 (5.7) 332 (5.3)

71015 129 (2.1) 129 (2.1) 125 (2.0) 149 (2.4) 126 (2.0)
Educational level 0.370

Primary 3259 (51.9) 3349 (53.4) 2835 (45.2) 2138 (34.1) 1629 (26.0)

Secondary 2363 (37.6) 2369 (37.7) 2580 (41.1) 2838 (45.2) 2691 (42.9)

Postsecondary <2 years 337 (5.4) 300 (4.8) 454 (7.2) 583 (9.3) 770 (12.3)

Postsecondary 3 years 187 (3.0) 159 (2.5) 232 (3.7) 368 (5.9) 518 (8.3)

Postsecondary >4 years 131 (2.1) 99 (1.6) 174 (2.8) 346 (5.5) 664 (10.6)
Foreign background (area) 20 (12, 35) 20 (12, 33) 18 (11, 29) 17 (11, 26) 16 (10, 24) 0.201
Route distance to hospital, km 13 (4,32) 13 (4, 29) 14 (4, 30) 15 (5, 31) 14 (5, 29) 0.045
Alive day 1 1175 (18.7) 1122 (17.9) 1221 (19.5) 1463 (23.3) 1752 (27.9) 0.119
Alive day 30 414 (6.6) 339 (5.4) 423 (6.7) 652 (10.4) 928 (14.8) 0.154
Alive 1 year 366 (5.8) 281 (4.5) 362 (5.8) 595 (9.5) 873 (13.9) 0.162

Values are n (%) or median (interquartile range). CPR indicates cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest; and SMD, standardized mean

difference.
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Income n RR 95% ClI P value
Model 1: adjusted for sex, age, year, retirement status and marital status :

at 6277  1.00 ()

Q2 6276 1.08 (0.94-1.25) 0.2683
Q3 6275 122 (1.07-1.39) e 0.0039
Q4 6273 151 (1.34-1.71) : —— <0.0001
Q5 6272 1.88 (1.68-2.11) -5 <0.0001
Model 2: model 1 + Charlson comorbidity index

Qi 6277 1.00 ©)

Q2 6276 1.09 (0.95-1.25) 0 0.2373
Q3 6275 124 (1.08-1.41) D 0.0019
Q4 6273 155 (1.37-1.75) -0 <0.0001
Q5 6272 194 (1.73-2.18) : o <0.0001
Model 3: model 2 + Education

Q1 6277  1.00 ()

Q2 6276 1.09 (0.95-1.26) '* e Primarymodel  0,2126
Q3 6275 1.23 (1.08-1.41) @ 0.0021
Q4 6273 152 (1.35-1.72) E . <0.0001
Qs 6272 1.86 (1.65-2.09) —8— <0.0001
Model 4: model 3 + Resuscitation variables :

at 6277 1.00 @

Q2 6276 1.02 (0.89-1.16) = 0.8095
Q3 6275 1.15 (1.01-1.31) —— 0.0336
Q4 6273  1.34 (1.19-1.50) SO <0.0001
Q5 6272 156 (1.39-1.74) : O <0.0001
Model 5: model 4 + Initial rhythm

Q1 6277 1.0 @

Q2 6276 1.01 (0.89-1.15) —— 0.8442
Q3 6275 1.08 (0.96-1.22) -0 0.2124
Q4 6273 118 (1.06-1.32) e a 0.0030
Qs 6272 1.34 (1.21-1.49) L O <0.0001
Model 6: model 5 + Distance to hospital (n=27932)

Q1 5561  1.00 (@)

Q2 5577  1.03 (0.90-1.19) —— 0.6344
Q3 5580 1.08 (0.95-1.24) - 0.2366
Q4 5593  1.20 (1.06-1.35) e 0.0028
Qs 5621 1.37 (1.22-1.54) : —o— <0.0001
Model 7: model 6 + % foreign background in area (n=27932)

Q1 5561  1.00 ®

Q2 5577  1.04 (0.90-1.19) —5— 0.6087
Q3 5580 1.09 (0.95-1.24) -0 0.2176
Q4 5593 1.21 (1.07-1.36) L 0.0021
Q5 5621 1.38 (1.23-1.55) : —— <0.0001

0.75 170 15 20

Figure 2. Relationship between income and the chance of survival after out-of-hospital cardiac arrest.

Model 1: adjusted for age, sex, year, retirement status, and marital status. Model 2: model 1 + Charlson Comorbidity Index. Model 3: Model 2 +
education. Model 4: Model 3 + witness status, response time, location, bystander cardiopulmonary resuscitation, cardiopulmonary resuscitation by
firefighter or police, and etiology. Model 5: Model 4 + initial rhythm. Model 6: Model 6 + route distance to nearest hospital. Model 7: Model 6 +
proportion of foreign-born in area of cardiac arrest. RR indicates risk ratio.

RRs of survival in individuals with postsecondary edu-
cation (Figure 3). However, the associations did not
differ substantially between educational levels be-
yond secondary school. In the primary model (model
1), the RR for 30-day survival was 1.51 (95% CI,
1.30-1.74). We did not observe any strong indication

1920 December 14,2021

of confounding (by way of the Charlson Comorbidity
Index), as RRs were similar in models 1 and 2. Mu-
tual adjustment by household income level attenuated
the results, although an independent association with
educational level remained. Models including resus-
citation variables and initial rhythm (models 4 and 5,

Circulation. 2021;144:1915-1925. DOI: 10.1161/CIRCULATIONAHA.121.056012
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Education n RR 95% CI P value =

Model 1: adjusted for sex, age, year, retirement and marital status : E

Primary 13210 1.00 . / Primary model =

Secondary 12841 1.03 (0.95-1.12) @ 0.4148 =F

Post-secondary < 2 years 2444 136 (1.21-1.54) —.— <0.0001 § ,.='|i|

Post-secondary 3 years 1464 1.36 (1.17-1.58) + 0.0001 m ,.m"

Post-secondary > 4 years 1414 151 (1.30-1.74) : + <0.0001 ;
2

Model 2: model 1 + Charlson comorbidity index

Primary 13210 1.00 ©)

Secondary 12841 1.04 (0.96-1.13) ©- 0.3724

Post-secondary < 2 years 2444 139 (1.23-1.56) + <0.0001

Post-secondary 3 years 1464 1.38 (1.19-1.61) + <0.0001

Post-secondary >4 years 1414 152 (1.31-1.76) + <0.0001

Model 3: model 2 + Income

Primary 13210 1.00 ©)

Secondary 12841 0.99 (0.91-1.07) ©- 0.7601

Post-secondary <2 years 2444 126 (1.11-1.42) * 0.0002

Post-secondary 3 years 1464 1.22  (1.05-1.42) + 0.0107

Post-secondary > 4 years 1414 129 (1.12-1.50) + 0.0006

Model 4: model 3 + Resusitation variables

Primary 13210 1.00 ©)

Secondary 12841 0.99 (0.91-1.07) ©- 0.7796

Post-secondary <2 years 2444 118 (1.05-1.32) : + 0.0050

Post-secondary 3 years 1464 1.11 (0.97-1.28) * 0.1310

Post-secondary > 4 years 1414 1.14  (0.99-1.31) + 0.0611

Model 5: model 4 + Initial rhythm :

Primary 13210 1.00 @)

Secondary 12841 0.98 (0.91-1.06) o 0.6464

Post-secondary <2 years 2444 116 (1.04-1.29) O 0.0077

Post-secondary 3 years 1464 1.08 (0.95-1.23) + 0.2598

Post-secondary > 4 years 1414 110 (0.96-1.26) O 0.1590

Model 6: model 5 + Distance to hospital (n=27932)

Primary 11786  1.00 ®

Secondary 11421 0.98 (0.90-1.06) & 0.5992

Post-secondary < 2 years 2173 1.11  (1.00-1.25) + 0.0607

Post-secondary 3 years 1300 1.04 (0.91-1.20) + 0.5576

Post-secondary > 4 years 1252 1.08 (0.94-1.24) + 0.2805

Model 7: model 6 + % foreign background in area (n=27932)

Primary 11786  1.00 o

Secondary 11421 0.98 (0.91-1.06) -© 0.6325

Post-secondary <2 years 2178  1.11  (1.00-1.25) —— 0.0606

Post-secondary 3 years 1300 1.04 (0.90-1.20) + 0.5762

Post-secondary > 4 years 12562 1.08 (0.94-1.24) * 0.2883

0.75 170 15 20

Figure 3. Relationship between education and the chance of survival after out-of-hospital cardiac arrest.

Model 1: adjusted for age, sex, year, retirement status, and marital status. Model 2: Model 1 + Charlson Comorbidity Index. Model 3: Model 2
+ income. Model 4: Model 3 + witness status, emergency medical services response time, location, bystander cardiopulmonary resuscitation,
cardiopulmonary resuscitation by firefighter or police, and etiology. Model 5: Model 4 + initial rhythm. Model 6: Model 5 + route distance to
nearest hospital. Model 7: Model 6 + proportion of foreign-born in area of cardiac arrest. RR indicates risk ratio.

respectively) demonstrated similar associations, al-  Stratification by Sex
though slightly attenuated, compared with the main Men

model. Addition of distance to nearest hospital (model . . . .
Among men, crude survival data displayed an increasing

6) and proportion of people with a foreign background . e : )
in the apreapof the OI—TCAp(model 7) furt%er atte?]uated gradient with income level. The proportions alive after 30
days in the income quintiles are presented in Figure 4. Af-

the results. ter adjustment for potential confounders (age, retirement
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Figure 4. Crude (proportions) and adjusted risk ratios regarding survival.
Crude (proportions) and adjusted risk ratios regarding survival for men (A) and women (B). Model 3: income adjusted for age, year, marital status,
Charlson Comorbidity Index, and education. Model 1: education adjusted for age, year, and marital status.

status, year, marital status, comorbidities, and education),
the RR for 30-day survival displayed a gradient-like in-
crease between each income quintile. The highest income
quintile showed an adjusted RR of 1.85 (95% ClI, 1.62—
2.12). In the model adjusted for potential confounders
(age, retirement status, year, and marital status), there was
a positive association with any postsecondary education,
and the highest RR for 30-day survival was in the highest
educational group (RR, 1.52 [95% CI, 1.29-1.78]).

Women
For women, 30-day survival by income is shown in
Figure 4. When adjusted for potential confounders

1922 December 14, 2021

(age, retirement status, year, marital status, comorbid-
ities, and education), higher income remained associ-
ated with an increased chance of survival. The RR in
the highest income quintile was 1.88 (95% ClI, 1.47-
2.41) compared with the lowest. Adjusted for poten-
tial confounders (age, retirement status, year, and
marital status), the association between educational
level and survival after OHCA followed a positive
trend, with higher RRs for each increase in educa-
tional level. The highest RR was found among women
with >4 years of postsecondary education (RR, 1.44
[95% CI, 1.01-2.05]).
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Sensitivity Analyses

Analyses of EMS-witnessed cases (Table S1) and com-
plete case analyses were carried out and the results are
included in Figures S1 and S2. To check for a nonlinear
association between income and survival after OHCA, ad-
justed natural cubic splines were used. The results from
these models were similar to those presented in Figure 2
(forest plot) and followed an S-shaped curve with a lower
probability of survival among patients with low SES (Fig-
ure S3). Age-stratified analyses are presented in Figures
S4 and S5 together with the full models (all covariates
included, models 1-7; Tables S3—-S11).

DISCUSSION

The main findings of this study were pronounced positive
independent associations of both income and educa-
tional level with survival after OHCA. The positive asso-
ciations between income and 30-day survival were seen
in both sexes. When SES was measured according to
educational attainment, we found a higher survival rate
among all men with postsecondary school degrees, but a
more linear association among women.

An important finding in our study is that the associa-
tions between both SES variables and survival were not
attenuated when controlling for comorbidity, contrary to
hypotheses that a higher comorbidity burden among indi-
viduals with low SES may help explain their lower rate
of survival after a cardiac arrest®'* However, the asso-
ciations were somewhat attenuated after controlling
for the well-known resuscitation variables, and for the
income gradient in particular, after controlling for shock-
able initial rhythm. Factors such as bystander CPR'® and
shockable initial rhythm? are strong predictors of survival
after OHCA and in this population they showed a socio-
economic gradient. SES disparities in relation to these
variables suggest that individuals with higher SES are
benefiting from access to more urgent and appropriate
care by knowledgeable bystanders and medical person-
nel. The higher probability of a shockable initial rhythm
among patients with high income is more difficult to
explain. There were no clear differences between the
income groups regarding EMS response time and time
from OHCA to call.

A potential confounder not fully considered in this
article is the role of race/ethnicity, as no such individual-
level data were available. Among this relatively older car-
diac arrest population, it may play a limited role. In this
study, 85% of the patients with OHCA were >55 years
of age. Among people older than 55 years in Sweden,
84.8% were born in Sweden, 4.9% were born in other
Nordic countries, and 5.5% were born in other European
countries.”® Adjustment for the proportion of foreign-
born individuals in the area of the OHCA did not attenu-
ate the results seen in any way. Although this adjustment

Circulation. 2021;144:1915-1925. DOI: 10.1161/CIRCULATIONAHA.121.066012
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is not perfect, it suggests that our results are fairly robust
as regards this potential confounder.

The observation that survival is more clearly influ-
enced by income than by educational attainment sug-
gests that access to material resources—which are more
related to income—is a more important factor predicting
survival after OHCA than factors such as health-related
knowledge, learned effectiveness, and control over one’s
life, which are frequently associated with education.®
Income may capture differences in dietary choices and
other health-related behavioral aspects, as well as cumu-
lative exposure to daily stressors arising from one’s level
of living?" and standing in relation to peers,> which may
affect vulnerability in the aftermath of cardiac arrest. A
recent study revealed a relationship between low SES,
higher amygdala activity, and higher bone marrow activ-
ity, which were strongly correlated to major adverse car-
diac events.?® Cumulative stressors can also accelerate
biological aging, as evidenced by associations between
SES and telomere length,?* the latter also being a pre-
dictor of cardiovascular disease.®® The lower proportion
of shockable initial rhythm may also be an effect of this
mechanism, as an older patient’s rhythm may deteriorate
to asystole or pulseless electrical activity more quickly.
Income, more than education, can reflect reverse causal-
ity in relation to poor (cardiovascular) health.

Our results are largely in line with those of previous
studies that have revealed an association between vari-
ous area-level measurements of SES and survival after
OHCA."°2%8 |n a recent study from Stockholm involv-
ing area-level data, we observed stronger associations
between survival after OHCA and area-based educa-
tional level compared with area-based income level,® in
contrast to the results in the current study of a stronger
association between survival after OHCA and individ-
ual-level income compared with individual-level educa-
tion. The discrepancy between the findings is difficult to
explain. One possibility is that it is a result of ecologi-
cal fallacies (incorrectly applying associations from an
aggregated level to the individual level). Another possi-
bility is that areas with higher average levels of education
have less crime, greater social cohesion, or other area-
level characteristics that were not measured in the cur-
rent study but may have independent effects on survival.

Previous studies involving individual-level data have
included subgroups of the OHCA population such as
patients with shockable initial rhythm' or children and
adolescents.’® Wells et al."" found that individual-level
education was a stronger predictor of survival than
occupational status. Rajan et al.'® found no significant
differences between socioeconomic variables after
adjustment for covariates, a result that may reflect their
limited sample size. A recent Danish study, including
OHCAs of cardiac origin, revealed similar results, with
a clear association between income and the chance of
30-day survival.'
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Backholer et al.? reported results from a meta-analysis
suggesting stronger SES disparities in relation to coro-
nary heart disease among women than men. This stron-
ger relationship among women was not seen in our study.
We found positive patterns in both sexes as regards the
association between income and survival after OHCA,
but clearer educational differences in connection with
survival after OHCA among men.

Implications

Our results have implications as regards preventive ef-
forts. Compared with individuals in the highest income
quintile, those in the lowest income quintile showed an
almost 10 percentage point difference in the proportion
receiving bystander CPR before EMS arrival. CPR before
EMS arrival is associated with an increased chance of
survival after OHCA."8%° Thus, great efforts should be
made to educate people in lower socioeconomic groups
in CPR training, including early recognition of an OHCA.
This is in line with data from the United States that have
shown a higher probability of being trained in CPR®" and
AED usage® in high-income households. Previous re-
search has shown the importance of AED accessibility for
bystander defibrillation.®® Distributed AEDs should there-
fore be located at well-known locations and have round-
the-clock availability. In recent years, a number of services
have been developed for dispatching laypersons in cases
of suspected OHCA®* Such services, together with CPR
training and AED placement, may help reduce survival dif-
ferences among patients of low SES with OHCA.

Strengths and Limitations

This study has several strengths. First, it is nationwide
and included >30000 OHCAs in Sweden. Second, we
used 2 different measurements of SES, which can give
insights into the mechanisms behind SES disparities.
Third, we were able to adjust for the most important pre-
dictors of survival after OHCA, as well as previous patient
comorbidities.

The study also has limitations. First, because of the
observational nature of the data, it is not possible to
exclude the risk of residual confounding. Second, we
had missing information on 1436 (4.4%) individuals.
Third, we did not report neurologic outcome, owing to
the large percentage of missing data. Fourth, we had
no individual-level data about race/ethnicity, which could
potentially explain some of the associations. Fifth, we
were not able to adjust for in-hospital treatments, which
could explain some of the associations. Sixth, another
possible explanation is a longer time between collapse
and call, which could explain both differences in survival
and shockable initial rhythm. Although there were no
clear differences in baseline data, this measurement is
subjective and may be biased.

1924 December 14,2021
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Conclusions

In this nationwide observational study, using individual
patient data, higher income and higher educational
level were associated with improved 30-day survival
after OHCA. This relationship was present in both
men and women.
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