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incidence of out-of-hospital cardiac arrest is
dependent on age
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ABSTRACT
Background The association between socioeconomic
status (SES) and incidence of out-of-hospital cardiac arrest
(OHCA) is not fully understood. The aim of this study was
to see if area-level socioeconomic differences, measured
in terms of area-level income and education, are
associated with the incidence of OHCA, and if this
relationship is dependent on age.
Methods We included OHCAs that occurred in
Stockholm County between the 1st of January 2006 and
the 31st of December 2017, the victims being conﬁrmed
residents (n=10 574). We linked the home address to
a matching neighbourhood (base unit) via available
socioeconomic and demographic information.
Socioeconomic variables and incidence rates were
assessed by using cross-sectional values at the end of
each year. We used zero-inﬂated negative binomial
regression to calculate incidence rate ratios (IRRs).
Results Among 1349 areas with complete SES
information, 10 503 OHCAs occurred between 2006 and
2017. The IRR in the highest versus the lowest SES area
was 0.61 (0.50–0.75) among persons in the 0–44 age
group. Among patients in the 45–64 age group, the
corresponding IRR was 0.55 (0.47–0.65). The highest SES
areas versus the lowest showed an IRR of 0.59
(0.50–0.70) in the 65–74 age group. In the two highest
age groups, no signiﬁcant association was seen (75–84
age group: 0.93 (0.80–1.08); 85+ age group: 1.05
(0.84–1.23)). Similar crude patterns were seen among
both men and women.
Conclusions Areas characterised by high SES showed
a signiﬁcantly lower incidence of OHCA. This relationship
was seen up to the age of 75, after which the relationship
disappeared, suggesting a levelling effect.
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There is a link between socioeconomic status (SES)
and cardiovascular health outcomes, including allcause mortality, prevalence of risk factors and incidence rates of cardiovascular diseases such as myocardial infarction and stroke.1 2 Out-of-hospital
cardiac arrest (OHCA) is a major public health concern, annually affecting more than 350 000 persons
in the US3 and 300 000 in Europe,4 with a mortality
rate of around 90%.4
The results of several observational studies have
shown associations between different measurements
of SES and incidence rates of OHCA in North
America,5–7 Asia,8 9 Europe10–12 and Australia.13
In a recent review, these results were corroborated,
and it was concluded that low SES areas generally

showed a higher incidence of OHCA.14 It is important to further identify factors that lead to a high
incidence of OHCA in order to be able to guide
health interventions such as placement of public
automated external defibrillators (AEDs) and to
improve cardiopulmonary resuscitation (CPR) skills
in those high-risk areas.
Two studies from North America revealed
a stronger association between area-level SES and
incidence of OHCA among people under the age of
65 years, compared with patients aged ≥65 years.5 6
These results suggest that the relationship between
SES and incidence of OHCA may differ depending
on age.
To our knowledge, no study has been carried out
to investigate the association between area-level SES
and incidence of OHCA in a range of age groups.
A better understanding of how age interacts with
SES is of importance in order to find the most suitable locations for public health interventions.
In the present study, we compared the incidence
rates of OHCA in neighbourhood areas (base units)
within the Stockholm region, Sweden, in relation to
SES, defined in terms of income and education. The
aim was to determine if area-level SES was associated with the incidence of OHCA and how this
possible relationship is related to age.

METHODS
Study design and ethics
The study was a retrospective observational study
using area-level data from Statistics Sweden and
OHCA data from the Swedish Register or
Cardiopulmonary Resuscitation (SRCR). The study
was approved by the regional ethics review board
(identification number 2017/714-31/5).

Study setting
The Stockholm region covers 6517 km2 and included
1 918 104 inhabitants in 2006, which increased to
2 308 143 inhabitants in 2017. The crude incidence
rate of cardiac arrest is ≈900–1100 per year. The
Stockholm region is divided into 1418 neighbourhoods where summary statistics are available. The
median population size among base units over the
study period was 1054 (Q1=301, Q3=2117).

Study population
All OHCAs treated by emergency medical services
(EMS) in the region of Stockholm and registered in
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the Swedish Register for Cardiopulmonary Resuscitation (SRCR)
were included in the study. The SRCR is a national quality
register supported by the Swedish Association of Local
Authorities and Regions. The register was created at the beginning of the 1990s and is used to measure the overall quality of
OHCA treatment in Sweden. All EMS in Sweden report to the
registry, following an Utstein-based template.10 Patients of
unknown identity and individuals who resided outside
Stockholm County were excluded.

Sociodemographic measurements
Area-level SES was defined by income and education, aggregated by each of the 1418 base units in the Stockholm
region. We used median income from employment and the
proportion of inhabitants (between the ages of 16 and
76 years) with three or more years of university-level education, similar to a bachelor-level degree or higher. To categorise the areas by SES, median values (eg, income) were
calculated in a cross-sectional manner for each year and
later divided by the number of years in which data were
available (for changes over time, please see figures S5 and
S6). Quintiles of both income and education were used to
create an SES index, with a minimum score of two (lowest
quintile in both income and education) and a maximum score
of 10 (highest quintile in both income and education). The
index was categorised into five groups (low SES 2–3 points;
medium-low SES 4–5; medium SES 6–7; medium-high SES
8–9 and high SES 10).
The coordinates of the home address of the person that suffered an OHCA (regardless of where the OHCA occurred) were
linked to the base-unit areas using geographical information
systems (R package; SP). Demographic variables for each base
unit were acquired from the Stockholm regional area database
with data from Statistics Sweden.15 The database is operated by
the region of Stockholm and contains demographic data on an
area level.

Spatial autocorrelation
To check for spatial autocorrelation of OHCA incidence, we used
Moran’s I. The non-significant p value of 0.405 suggested that
this was not a problem.

To handle the problem of influential cases, we excluded
areas of high incidence by using the 1.5 IQR rule. ZINB
regression analyses were performed for the following age
groups: 0–44, 45–64, 65–74, 75–84 and 85 and older, and
all age groups together. These analyses were repeated for men
and women separately, resulting in a total of 18 regression
analyses. We categorised age in the above-specified groups in
order to have enough OHCAs in each age group. As the
incidence is much lower among younger persons, the youngest age group needed to cover more years than the others.
The variable used for discrimination of excess zeros was the
total population in each age group. We used incidence per
100 000 person-years (per age group) as the outcome measure
in all regression analyses. All tests were two sided, and
p values below 0.05 were considered statistically significant.
All statistical procedures were performed with R statistical
software, version 3.6.2 for Mac OSx (R Foundation for
Statistical Computing, 2019).

RESULTS
Between 1 January 2006 and 31 December 2017, a total of
11 784 EMS-treated OHCAs occurred in Stockholm. Of these,
10 574 were confirmed residents of the Stockholm region. The
1210 excluded patients were of unknown identity, were living
outside Stockholm or were residents of another country. Among
the 1418 base units, 69 had missing information on either income
or education and were therefore excluded from the analysis.

Demographic variables categorised by SES (table 1)
Areas of low SES (categorised according to income and education) had higher proportions of people with a foreign background. In the lowest SES area, the proportion of the
population with a foreign background was 55.6%, decreasing
to 16.1% in the highest SES area. Notable differences were
seen among the proportions unemployed for more than 6
months, with 3.5% in the lowest SES areas compared with
0.5% in the high SES areas. The proportion of men was
similar in all areas (49%–50%). The AED density (per km2)
was much higher in the higher SES areas (1.59, 4.52 per km2)
compared with the lower ones (0.26, 0.20 per km2). For
further details, see table 1.

Total incidence rate by SES quintile (ﬁgure 1)
Statistical methods
To assess the associations between area-level SES and incidence of
OHCA, we calculated our results in terms of crude incidence per
100 000 person-years and incidence rate ratios (IRRs). The IRRs
were calculated using a zero-inflated negative binomial (ZINB)
regression model.16 We chose this analytical method, given the
excess zeros and overdispersion of the data. The ZINB model was
compared with quasi-Poisson regression, zero-inflated Poisson
regression and negative binomial regression using Vuong’s nonnested hypothesis test. All ZINB analyses were adjusted for the
proportion of people of foreign background (defined as either
born or both parents born outside the Nordic countries) and unemployment rate (percentage unemployed for more than 6 months
among persons aged 18–64). This resulted in the following ZINB
model: Incidence ~ SES + foreign + unemployment | population.
In the models where all age groups were included, additional
adjustment was made for the proportion of the population over
the age of 65 years. All regression equations are included in the
supplementary appendix.

The crude incidence rate was 52 per 100 000 person-years in the
lowest and second-lowest SES areas. The medium SES areas
showed an incidence rate of 38 per 100 000 person-years. In
the two highest SES areas, the incidence rates dropped to 34
(medium-high SES) and 26 (high SES) per 100 000 personyears (figure 1). After adjustment for the proportion of the population with a foreign background, unemployed people and the
proportion older than 65 years, there was a negative gradient in
IRRs with increasing level of SES. The highest SES areas showed
an IRR of 0.63 (95% CI 0.56 to 0.71).

Proportions of OHCAs and population according to age (ﬁgure 2)
Age group 0–44 years included 60% of the total population and
10% of the cardiac arrests. Corresponding figures for the other
age groups were: 45–64 age group, population 24%, OHCAs
24%; 65–74 age group, population 9%, OHCAs 23%; 75–84 age
group, population 5%, OHCAs 24%; 85+ age group, population
2%, OHCAs 19%.
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Incidence by age group (ﬁgure 3)

Table 1 Characteristics of areas by socioeconomic status
Mediumhigh
High

Among patients in the age group 0–44 years, the incidence of
OHCA was 10 per 100 000 person-years in the lowest SES areas
compared with 5 per 100 000 in the highest SES areas. The corresponding IRR was 0.56 (95% CI 0.45 to 0.70) in the highest SES
areas compared with the lowest SES areas. In the age group 45–64
years, there was a similar negative gradient with increasing SES. The
crude incidence was 61 per 100 000 person-years in the lowest SES
areas compared with 23 per 100 000 in the highest SES areas. The
corresponding IRR was 0.53 (95% CI 0.45 to 0.62). The negative
gradient was present among the 65–74 age group as well, with
crude rates of 165 per 100 000 person-years in the lowest SES
areas and 69 per 100 000 in the highest SES areas. The IRR in the
highest SES areas was 0.59 (95% CI 0.49 to 0.70) compared with
the lowest. The negative trend disappeared in the 75–84 age group,
with a crude incidence rate of 254 in the lowest SES areas compared
with 195 in the highest SES areas. The IRR was 0.87 (95% CI 0.74
to 1.02) in the highest SES areas versus the lowest SES areas. Among
the oldest group (85+), the results were similar, with no trend by
SES. All IRRs presented above were adjusted for the proportion of
those with a foreign background and unemployment rate.

Low

Mediumlow
Medium

Number of areas

294

302

324

274

155

Proportion with
university education

12.2%

18.4%

27%

36.3%

46.1%

Median income*

20 140

26 449

29 841

33 266

37 840

Proportion with
foreign background

41.2%

22.9%

17.1%

13.1%

12.8%

Proportion
unemployed
(>6 months among
18- to 64-year-olds)

3.5%

1.6%

1.0%

0.8%

0.5%

Proportion over
65 years

14.4%

17.6%

15.4%

14.5%

13.2%

Proportion of men

50.1%

49.3%

49.6%

49.2%

49.4%

Total
person-years

5 485 825 4 977 189 5 884 484 5 912 268 3 031 962

Total OHCAs

2867

2577

2248

2028

783

OHCA age 0–44

346

234

198

180

66

OHCA age 45–64

769

614

495

448

168

OHCA age 65–74

714

616

530

428

169

OHCA age 75–84

644

640

572

505

207

Incidence by sex and age group

OHCA age 85+

389

470

453

465

171

Crude incidence rate
per 100 000

52

52

38

34

26

Number of AEDs

572

555

639

572

408

Area in km2

2186

2793

1015

360

90

AEDs/km2

0.26

0.20

0.63

1.59

4.52

Among men (figures S1), the negative trend was present from the
0–44 age group up to the 65–74 age group. In the 75–84 age
group, the negative gradient was weaker, and among the oldest
men (85+) the trend disappeared. Among women (Figure S2),
the negative gradient could be seen up to the 75–84 age group in
crude rates. In the youngest age group (0–44), the IRRs followed
a strong negative gradient in relation to SES (IRR 0.31, 95% CI
0.19 to 0.49). In the other age groups, the trend was much
weaker and could no longer be seen in age groups 75–84 and

*Euros calculated from Swedish currency using the value of the euro on the 31st of
December 2010.
AED, automated external deﬁbrillator; OHCA, out-of-hospital cardiac arrest.

Figure 1 Map of neighbourhoods (base units) in the Stockholm region. Top right: Crude incidence per 100 000 person-years by area-level
socioeconomic status (SES). Bottom right: Incidence rate ratios (adjusted for proportion with foreign background, unemployment rate and proportion
over 65 years of age) by area-level.
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DISCUSSION

Percentage

60

40

20

0
0−44

45−64

65−74

75−84

85+

Age−group
Propotion of population

Proportion of OHCA

Figure 2 Proportion of population and proportion of OHCA cases
categorised by age group. OHCA, out-of-hospital cardiac arrest.

85+. As above, the IRRs were adjusted for the proportion of
those with a foreign background and unemployment rate.

Sensitivity analyses
In addition to the analyses presented, we conducted separate analyses after dividing the areas into groups by the percentage of those
with a foreign background (Tables S1–S3). The negative association
was present in all analyses (<10%, 10–19% and ≥20%). All analyses were repeated using income (Figure S3) and education (Figure
S4) alone as SES measures. These analyses produced similar results
as those included here (see supplementary appendix).

The main finding in the present study was a significantly higher
incidence of OHCA in areas characterised by low versus high
SES. This relationship seems to be dependent on age, as no
association was seen in patients over 75 years of age. The relationship between SES and OHCA incidence appeared to be
stronger among men versus women.
Although the SES differences tended to be weaker in the older
age groups, there appeared to be a strong correlation between
SES and incidence of OHCA in most cases. These results may
have several important clinical implications. First, they could be
used to guide AED programme implementation. For an AED
programme to be successful, it is crucial that the defibrillators
are placed where there is a high probability of OHCA occurrence.
The results suggest a much lower AED density in areas categorised by low SES, which stresses the importance of this.
Second, other interventions such as programmes aimed at
increasing awareness of how to act in an emergency situation,
and CPR training, could be directed towards low SES areas.
Our results are consistent with those in previous work concerning SES and OHCA incidence, showing a higher incidence in low
SES areas.5 6 8–11 13 14 Reinier et al5 6 reported similar results in the
US, with a stronger relationship between SES and OHCA incidence among younger persons. The authors proposed that this
may be a result of access to healthcare, as Medicare is available
from 65 years of age. A recent study by Stecker et al17 showed
a significant decrease of OHCA incidence among the middle-aged
population after implementation of the Affordable Care Act in the
US, which gives some support to this explanation. In contrast to
the US, Sweden, along with other countries such as South Korea,8
Denmark10 and the UK,12 has universal healthcare coverage, so the
explanation that access to healthcare would attenuate the SES
gradient is not likely to apply to the same extent. Our results
suggest that even with a universal healthcare system, significant
differences between SES areas exist.
The attenuated effect of SES in successively older age groups is
consistent with the ‘age-as-leveler’ hypothesis,18 which suggests

Figure 3 Crude incidence rates by area-level socioeconomic status and age group (top row) and corresponding incidence rate ratios (adjusted for
proportion of population with foreign background and unemployment rate) by area-level socioeconomic status (SES) and age group (bottom row).
Jonsson M, et al. J Epidemiol Community Health 2020;74:726–731. doi:10.1136/jech-2019-213296
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that socioeconomic differences diminish with older age. One of
the possible and perhaps most probable19 explanations for this
phenomenon could be selective survival among the lower-SES
areas (ie, only the healthiest individuals from low SES areas survive
to old age). Previous research has shown that disease onset tends to
be earlier among persons with a lower educational level,18 resulting in earlier death among low SES individuals. The results
reported by Reinier et al5 6 give a hint that results similar to ours
may be found in other settings. To gain further knowledge about
this, our results need to be replicated in other settings.
In the studied population, the relationship between SES and
OHCA incidence appeared to be stronger among men than
women, when adjusted for the proportion of the population
with a foreign background. However, given the limited sample
size in our study after stratifying by sex, these results should be
considered as preliminary, meaning that this may be a statistical
artefact. The crude incidence rates followed a similar pattern
among women and men, so one should exercise caution when
interpreting these results.
Another patient characteristic correlated with SES is ethnicity/race. Previous research has shown that black/African
American men and women have a much higher incidence of
sudden cardiac death (SCD) compared with white men and
women.20 21 In a study by Zhao et al, mediation analysis suggested that 65% of this association may be the result of other
patient characteristics, including income and education.21 The
degree to which ethnic composition has affected our results is
hard to know, but sensitivity analyses suggest that the SES
relationship is present when categorising areas by the different
proportions of the population with a foreign background. Such
analyses are not without flaws, as the data does not allow anything other than crude analyses.
The exact mechanisms behind the SES differences in OHCA
incidence are difficult to assess. Although correlated, income has
been suggested to capture material living conditions, with their
associated levels of psychological stress.22 Education, on the
other hand, may reflect health-related knowledge and control
of one´s life.23 A recent study24 carried out in the Stockholm
region revealed a stronger association between area-level education (vs income) and survival after OHCA. Thus, different measures of SES may yield different results. We suggest that
educational efforts should be aimed at areas of lower SES, both
as regards training in CPR and information on risk factors of
cardiovascular disease and cardiac arrest.
Future studies should be carried out to further investigate the
association found here, if possible using individual-level data.
Studies on how CPR knowledge and AEDs are distributed in
different socioeconomic areas could lead to a better understanding of where interventions should be aimed.

Strengths and limitations
Our study has several strengths. First, we had accurate information on the areas in which the patients lived, which has not been
the case in most previous studies in the field. When studying SES
differences in relation to the incidence of OHCA, it is essential to
have information on the areas in which each person belongs. If
the location of cardiac arrest is used, those who suffered arrest
outside their homes may be categorised in the wrong area (areas
with transportation hubs may show elevated incidence rates). We
also used a relatively large sample size including all OHCAs in the
Stockholm region over a 12-year period, and we assessed differences between relatively small areas that have been defined as
population areas in other studies of health issues.
730

Among the limitations of this study is the fact that there was
a group of patients for whom we could not find any personal
information/home address. In addition, as we did not have the
possibility to use individual-level SES data, we were not able to
rule out the possibility of ecological fallacy. We do not have
information about selective registration into the SRCR (eg, we
do not know if low SES individuals are more likely or less likely to
be included in the register). As a result of relatively high multicollinearity, it was difficult to investigate the separate effects of
income and education.

CONCLUSIONS
Areas characterised by high SES show a significantly lower incidence of OHCA compared with those with a low SES. This
relationship is not present in the older age groups (75+). SES,
and its interaction with age, may be an important factor to consider when planning preventive and intervention measures
among high-risk populations, remembering that the effect of
SES is only present in patients under 75 years of age.

What is already known on this subject
► Socioeconomic status is associated with the incidence of

out-of-hospital cardiac arrest.
► This relationship has been reported numerous times in North

America, Asia and Europe.

What this study adds
► The relationship between socioeconomic status and out-of-

hospital cardiac arrest is dependent on age.
► Among age-groups up to 75 years, there is a strong

socioeconomic gradient that disappears among the oldest,
suggesting a levelling effect.
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