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ABSTRACT
Objective Area- level socioeconomic factors are known 
to associate with chances to survive out- of- hospital 
cardiac arrest (OHCA survival). However, the relationship 
between individual- level socioeconomic factors and OHCA 
survival in men and women is less established. This study 
investigated the association between individual- level 
income and OHCA survival in men and women, as well as 
its contribution to outcome variability and mediation by 
resuscitation characteristics.
Methods A cross- sectional cohort study using data from 
a Dutch community- based OHCA registry was performed. 
We included 5395 patients aged≥25 years with OHCA from 
a presumed cardiac cause. Household income, derived 
from Statistics Netherlands, was stratified into quartiles. 
The association between survival to hospital discharge 
and household income was analysed using multivariable 
logistic regression adjusting for age, sex and resuscitation 
characteristics.
Results Overall women had lower household income than 
men (median €18 567 vs €21 015), and less favourable 
resuscitation characteristics. Increasing household income 
was associated with increased OHCA survival in both men 
and women in a linear manner (Q4 vs Q1: OR 1.63 95% CI 
(1.24 to 2.16) in men, and 2.54 (1.43 to 4.48) in women). 
Only initial rhythm significantly changed the ORs for OHCA 
survival with>10% in both men and women. Household 
income explained 3.8% in men and 4.3% in women of the 
observed variance in OHCA survival.
Conclusion Both in men and women, higher individual- 
level household income was associated with a 1.2- fold to 
2.5- fold increased OHCA survival to hospital discharge, 
but explained only little of outcome variability. A shockable 
initial rhythm was the most important resuscitation 
parameter mediating this association. Our results do not 
support the need for immediate targeted interventions on 
actionable prehospital resuscitation care characteristics.

INTRODUCTION
Out- of- hospital cardiac arrest (OHCA) is a 
major public health problem, affecting 275 
000 individuals in Europe each year.1 Survival 
chances after OHCA (OHCA survival) are 
generally low,2 and depend on the response 
system in place, resuscitation characteris-
tics and patient characteristics.3 A recent 

systematic review indicated that several 
aspects of socioeconomic status (SES) impact 
survival chances after OHCA.4 Previous 
research has mostly focused on area- level 
measurements. However, recent studies 
have been able to use individual- level data, 
which better reflect the personal circum-
stances of an individual, and has a higher 
predictive value for health outcomes.5 Two 
recent studies, from Denmark and Sweden, 
showed that both lower income and educa-
tion were associated with overall lower OHCA 
survival.6 7

To develop targeted interventions, insight 
into factors that drive subgroup differences 
in OHCA survival is imperative. Previous 
research has suggested differences in OHCA 
incidence and OHCA survival between 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Area- level socioeconomic factors are known 
to associate with out- of- hospital cardiac arrest 
(OHCA) survival. However, the relationship between 
individual- level socioeconomic factors and OHCA 
survival in men and women is less established, es-
pecially on the relative importance of socioeconom-
ic status (SES) in outcome variability and mediation 
of resuscitation characteristics.

WHAT THIS STUDY ADDS
 ⇒ Both in men and women, higher individual- level 
income was associated with increased odds to 
survive to hospital discharge after OHCA. Individual- 
level income only explained a small part of outcome 
variability in OHCA survival in both men and women. 
Initial rhythm was the most important resuscitation 
parameter mediating the association between in-
come and OHCA survival in both men and women.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study does not support the need for immediate 
targeted interventions on actionable prehospital re-
suscitation care characteristics in relation to SES in 
both men and women.
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men and women,8–10 and several studies suggested that 
women have a greater SES disparity in CVD mortality, 
morbidity and risk factors.11 12 Two previous studies 
suggested SES differences in OHCA survival within and 
between subgroups (eg, by sex) might be explained by 
a difference in patient and resuscitation characteristics,8 
13 as women were generally older, less likely to receive 
bystander cardiopulmonary resuscitation (CPR) or to 
have a shockable initial rhythm.8 14

This study aimed to investigate the association between 
individual- level income (personal and household) and 
OHCA survival to hospital discharge in men and women 
in the Netherlands. Moreover, the relative contribution 
of income to the explained variance of OHCA survival 
was studied to explore the importance of individual- level 
SES in outcome variability. Additionally, potential medi-
ation of this association in men and women by resusci-
tation characteristics was investigated, as well as effect 
modification by age, as income typically follows a curvi-
linear trajectory with age.15

METHODS
Setting
The Amsterdam Resuscitation Study (ARREST) is an 
ongoing, prospective registry of OHCA in the North 
Holland province of the Netherlands. The study region 
covers 2404 km2, comprises both urban and rural areas 
and has a population of 2.4 million people. The ARREST 
study group cooperates with all emergency medical 
services (EMS) in this study region, and registers all 
EMS- attended OHCAs from medical causes in which a 
resuscitation is attempted, according to Utstein recom-
mendations.16 Details of the design of the data collection 
in the ARREST study are described elsewhere.17 The 
present study is a cross- sectional cohort study covering 
the study period 1 January 2009 to 31 December 2015. 
We combined data from the ARREST study with income 
data from Statistics Netherlands. Patients were included 
when they were 25 years or older, had an OHCA with a 
presumed cardiac cause and were residents of the Neth-
erlands. The lower age bound was chosen under the 
assumption that individuals under the age of 25 were 
more likely to still have been in postsecondary educa-
tion and not financially independent. Cases with a clear 
non- cardiac cause according to the Utstein recommenda-
tions,16 a ‘do not resuscitate’ certificate, missing SES data, 
missing outcome data or those who were EMS witnessed 
were excluded from analysis.

Written informed consent was obtained from all partic-
ipants who survived the OHCA.18

Patient involvement
Patients were not involved in the design and conduct of 
this research. Results were disseminated to patients and 
public through a webinar.

Exposures
Individual- level income data were retrieved from Statis-
tics Netherlands, which has records of yearly income and 

its sources, originally provided by the Dutch tax author-
ities. The income indicators included are: (1) personal 
income and (2) household income of the OHCA victim. 
These SES indicators were determined from the year 
preceding the OHCA. In brief, personal income is 
defined by Statistics Netherlands as all sources of gross 
income of a person (eg, work, own company, social bene-
fits, excluding child benefits), minus taxes and income 
insurance.19 Household income is defined as the stand-
ardised disposable income and comprises all sources of 
income aggregated over the household including rebates 
and social benefits minus taxes and insurance premiums, 
corrected for household size and composition (using 
equivalence factors based on number of adults and chil-
dren according to age in a household).20 Personal and 
household income were categorised into quartiles in the 
total study population (for men and women combined).

Outcomes
The primary outcome was OHCA survival, which was 
defined as survival to hospital discharge. Survival status 
was retrieved from hospital records or from the civil 
registry if hospital records were unavailable (n=34, 30- day 
survival as proxy).

Other measurements
Sex and age were derived from EMS, hospital records and 
civil registry. Resuscitation characteristics were retrieved 
from EMS using the Utstein definitions.21 The present 
study included the variables: location of OHCA (home 
vs public), response time (time from EMS call to connec-
tion of automated external defibrillator (AED) or manual 
defibrillator, whichever was first, in minutes), presence 
of witness, provision of bystander CPR, AED connection 
(by bystander or first responder) and initial rhythm of 
the patient, which was categorised as (1) shockable 
(ventricular tachycardia/ventricular fibrillation) or (2) 
non- shockable (asystole or pulseless electrical activity).

Statistical analysis
Patient characteristics, by sex and by income quartiles, 
were reported as mean±SD, median (IQR) or number 
(percentage), where appropriate. Statistical compari-
sons were made using independent sample t- tests, Mann- 
Whitney U test or Χ2 statistics, where appropriate. Due 
to missing data in covariates, multiple imputation was 
performed, using the Utstein variables, demographics, 
outcome and exposures, employing the ‘mice’ package in 
R, resulting in five imputed datasets.

The association between household income and OHCA 
survival in men and women was assessed using logistic 
regression analysis, and repeated using personal income. 
Model 1 included the respective income variable and age. 
A final model was composed, including all resuscitation 
characteristics that significantly contributed to SES differ-
ences in outcome (AED connection was not included as 
this was highly correlated with response time). Addition-
ally, we estimated the relative contributions of household 
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income and personal income to OHCA survival by 
calculating the increase in explained variance using the 
Nagelkerke test (pseudo R2), in comparison to models 
without income.

To investigate potential mediation by resuscitation 
characteristics, models were made including income, 
age and one of the resuscitation characteristics each 
(bystander CPR, witnessed status, initial rhythm, AED 
use, OHCA location and response time). The change in 
OR (in %) across the three comparisons (Q1 vs Q2/Q3/
Q4) was calculated for the addition of each resuscitation 
characteristic compared with model 1. Moreover, since a 
shockable initial rhythm is a major predictor of survival, 
and previous research suggested lower survival rates in 
women were attributed to a lower frequency of a shock-
able initial rhythm,8 a post- hoc sensitivity analysis was 
performed in men and women with a shockable initial 
rhythm (association between household income and 
OHCA survival).

Finally, to test whether age is an effect modifier in the 
association between income and OHCA survival, an inter-
action term (income*age both continuous) was included 
in the model for both men and women. Subsequently, 
analyses were stratified by age (younger than 65 and 65 
or older). The cut- off at 65 years was chosen according to 
the National Old Age Pensions Act pension age.

All statistical tests were two tailed, and a p value of<0.05 
was considered to be statistically significant. Statistics 
were performed in R V.4.0.322 and SPSS V.25.0.

RESULTS
During our study period, 5395 patients were eligible for 
inclusion (figure 1). In this study population, 71% was male 
and 29% was female. Overall, women were older, and had 
lower personal and household income as compared with 
men (table 1). In men, personal and household income 
have a linear relationship (online supplemental efigure 
1). In contrast, personal income was less well correlated 
with household income in women, and women with no 
personal income appeared to have higher household 
income compared with women in Q2. Moreover, OHCAs 
in women were less frequently witnessed by a bystander, 
less frequently received bystander CPR, less frequently 
had an AED connected, were less frequently in a public 
location, less often had a shockable initial rhythm and 
had longer times to defibrillator connection as compared 
with men (table 1). Baseline characteristics before impu-
tation yielded similar results (online supplemental etable 
1).

Resuscitation characteristics varied across household 
income quartiles (table 2). For instance, with increasing 
quartiles of household income, patients were more likely 
to have a bystander witness the arrest, bystander CPR, 
public location of the OHCA, a shockable initial rhythm 
and shorter response time, but AED connection rate 
was comparable across quartiles. Results were similar for 
personal income (online supplemental etable 2).

In both men and women, a linear correlation was observed 
between increasing household income quartiles and OHCA 
survival in our full multivariable model: compared with Q1, 
men and women in Q3 and Q4 were significantly more likely 
to survive (figure 2). However, CIs of Q2–Q4 overlapped. 
Trends were similar for personal income (online supple-
mental efigure 2). In a model only including household 
income, household income explained 3.8% in men and 
4.3% in women of the observed variance (personal income: 
4.2% in men and 3.7% in women). A model including only 
resuscitation characteristics explained 41.0% in men and 
48.3% in women of the observed variance in the association 
with OHCA survival. In the full model, including household 
income, age and resuscitation characteristics, the explained 
variance was 43.1% in men and 54.0% in women (personal 
income: 42.8% in men and 54.1% in women). In women, 
the explained variance was approximately 11% higher as 
compared with men in the fully adjusted model.

Mediation by resuscitation characteristics
In both men and women, the addition of initial rhythm 
to a model including household income and age 
significantly changed the ORs for OHCA survival with 
>10% across the three comparisons (Q1 vs Q2/Q3/
Q4), but the addition of witnessed arrest, bystander 

Figure 1 Flow chart of patient inclusion. CPR, 
cardiopulmonary resuscitation; OHCA, out- of- hospital 
cardiac arrest; SCA, sudden cardiac arrest.
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CPR, OHCA location, time to defibrillator connection 
and AED connection did not (online supplemental 
etable 3, personal income: online supplemental 
etable 4). Subgroup analysis in men and women with 
a shockable initial rhythm showed small decreases in 

ORs in our fully adjusted model (Q1 vs Q4: from 1.63 
(1.24–2.16) to 1.55 (1.16–2.08) in men, and from 2.54 
(1.43–4.48) to 2.51 (1.34–4.68) in women, figure 2; 
similar results in personal income, online supple-
mental efigure 2).

Table 1 Patient characteristics by sex

Men, n=3829 Women, n=1566 P value

Age, mean±SD 67.23±12.89 70.37±14.09 <0.001

Personal income in €, median (IQR)* 25 166 (15 854–38 613) 13 781 (9545–19 689) <0.001

  Q1 608 (15.9) 748 (47.8)

  Q2 876 (22.9) 465 (29.7)

  Q3 1121 (29.3) 228 (14.6)

  Q4 1224 (32.0) 125 (8.0)

Household income in €, median (IQR)* 21 015 (16 553–28 315) 18 567 (15 353–24 562) <0.001

  Q1 859 (22.4) 489 (31.2)

  Q2 921 (24.1) 428 (27.3)

  Q3 985 (25.7) 364 (23.2)

  Q4 1064 (27.8) 285 (18.2)

Resuscitation characteristics

  Witnessed arrest 2780 (72.6) 1070 (68.4) 0.002

  Bystander CPR 3039 (79.4) 1193 (76.2) 0.011

  AED used 2103 (54.9) 800 (51.1) 0.010

  Public location 1178 (30.8) 230 (14.7) <0.001

  Shockable initial rhythm 2014 (52.6) 478 (30.5) <0.001

  Response time, median (IQR) 8.4 (6.5, 10.8) 8.8 (7.0, 11.3) <0.001

Number (proportion) of survivors 846 (22.1) 210 (13.4) <0.001

Results are after imputation and presented as n(%), unless indicated otherwise.
*Quartiles were made based on the total population—men and women combined.
AED, automated external defibrillator; CPR, cardiopulmonary resuscitation.

Table 2 Patient characteristics by household income quartiles

Household 
income Q1 
(€0–16.097) 
n=1348

Household income 
Q2 (€16.100–
20.189) n=1349

Household income 
Q3 (€20.190–27.290) 
n=1349

Household income 
Q4 (€27.301–255.244) 
n=1349 P value

Age in years, mean±SD 68.6±14.4 71.4±12.5 67.8±13.2 64.1±12.2 <0.001

Female sex 489 (36.3) 428 (31.7) 364 (27.0) 285 (21.1) <0.001

Resuscitation characteristics

  Witnessed arrest 908 (67.4) 969 (71.8) 999 (74.1) 974.4 (72.2) 0.001

  Bystander CPR 1018.6 (75.6) 1052.2 (78.0) 1050.2 (77.9) 1111.2 (82.4) <0.001

  AED connected 708.4 (52.6) 736 (54.6) 697 (51.7) 762 (56.5) 0.057

  Public location 277.6 (20.6) 306 (22.7) 363 (26.9) 461 (34.2) <0.001

  Shockable initial rhythm 469.8 (34.9) 566.2 (42.0) 669.6 (49.6) 786.2 (58.3) <0.001

  Response time, median (IQR) 8.7 (6.8–11.2) 8.7 (6.7–10.8) 8.6 (6.7–10.9) 8.2 (6.4–10.6) <0.001

Number (proportions) of survivors, total 152 (11.3) 215 (15.9) 303 (22.5) 386 (28.6) <0.001

  Men 116 (13.5) 164 (17.8) 242 (24.6) 324 (30.5) <0.001

  Women 36 (7.4) 51 (11.9) 61 (16.8) 62 (21.8) <0.001

Results are after imputation and presented as n(%), unless indicated otherwise.
AED, automated external defibrillator; CPR, cardiopulmonary resuscitation.
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Effect modification by age
Distribution of household income across age was more 
comparable between men and women, as compared 
with personal income across age (online supplemental 
efigures 3 and 4). In our full multivariable model, men 
aged<65 years showed increasing OHCA survival with 
increasing quartiles of household income, but this was not 
seen in men aged≥65 (figure 3, personal income online 
supplemental efigure 5). Both women aged<65 and ≥65 

years showed increasing odds for survival benefits with 
increasing quartiles, only significant in Q4. However, the 
CIs were wide, and the association between income and 
OHCA survival was not significantly different between age 
groups (p interaction: 0.11 in men and 0.09 in women).

DISCUSSION
In our study population, a higher individual- level income 
in men and women was associated with a 1.2- fold to 

Figure 2 Forest plot of the association between household income and out- of- hospital cardiac arrest (OHCA) survival 
in the fully adjusted model in men and women in the total population and a subgroup with shockable initial rhythm. The 
model adjusted for age and resuscitation characteristics (witnessed by a bystander, provision of bystander cardiopulmonary 
resuscitation, OHCA location and time to defibrillator connection).

Figure 3 Forest plot of the association between household income and out- of- hospital cardiac arrest (OHCA) survival in 
the fully adjusted model in men and women stratified by age. The model adjusted for age and resuscitation characteristics 
(witnessed by a bystander, provision of bystander cardiopulmonary resuscitation, OHCA location and time to defibrillator 
connection).
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2.5- fold increased OHCA survival. Nevertheless, income 
only contributed to a small increase in the explained vari-
ance in men and women. In both sexes, initial rhythm 
partly mediated the association between income and 
OHCA survival, but other resuscitation parameters did 
not. Findings were similar for personal income, and in a 
subgroup of patients with a shockable initial rhythm. In 
men younger than 65 years increasing income was associ-
ated with increased OHCA survival, but in men aged 65 
years or older it was not, though the interaction was not 
statistically significant. In women, no age difference was 
observed.

Consistent with two previous Danish and Swedish 
studies,6 7 we observed a statistically significant association 
between household income and OHCA survival in men 
and women. This is surprising because the Netherlands 
is a country with relatively high and evenly distributed 
prosperity (Legatum Prosperity Index 2020=82 [ranked 
sixth], Gini index for income=0.29) and high rates of 
basic life support- trained individuals and AED connec-
tions. Consequently, other countries with different care 
systems and greater prosperity disparity might observe 
even larger differences.

Prior work on, mostly area- level, income disparities 
and OHCA survival have described the importance to 
improve of bystander response rates (CPR and/or AED 
connection) in lower income areas.4 23 Recent work 
showed that adjusting for SES differences did not miti-
gate outcome differences in bystander CPR,6 24 which is 
supported by results from this study. Although patients 
with higher income more frequently had favourable resus-
citation characteristics (except AED connection rate), 
these resuscitation characteristics did not fully explain 
the association between SES and OHCA survival. In the 
Netherlands, AEDs are mostly connected by dispatched 
first responders (police or firefighters) instead of citizen 
responders or bystanders who happen to witness the 
OHCA.25 In a situation without these first responders 
with an AED, an SES gradient might be more apparent, 
as previous research showed that areas with low SES have 
lower density of citizen responders and lower connection 
rates of public AEDs.26 Initial rhythm was the principal 
mediator in the association between household income 
and OHCA survival. However, in our subgroup analysis in 
patients with a shockable initial rhythm, the association 
between income and OHCA survival remained. The fact 
that shockable initial rhythm was shown to be the largest 
mediator was not surprising, as the gradient of shock-
able initial rhythm over income quartiles was large and 
shockable initial rhythm is the major predictor for OHCA 
survival. This may be explained by a higher proportion 
of other favourable resuscitation characteristics with 
increased income, for example, bystander witnessed 
arrest, public location and a shorter response time. 
Although these factors played a lesser role in the asso-
ciation between household income and OHCA survival, 
they may be important for the presence of a shockable 
initial rhythm. Working status may be associated with 

the increased proportions of favourable resuscitation 
characteristics, as individuals who work have a higher 
income, and are more often in a public location and 
therefore more likely will have a witnessed collapse and 
receive bystander CPR, with subsequent higher chance 
of survival.

The mechanism by which socioeconomic factors may 
influence OHCA outcomes are yet unclear; in both men 
and women, resuscitation characteristics do not explain 
the association between income and OHCA survival. A 
direct causal relationship between income and OHCA 
survival is unlikely from a biological perspective. It is more 
likely that SES is a proxy, for example, accumulated risk 
throughout life27 or lifestyle behaviours.28 29 Two previous 
studies on income and OHCA survival that adjusted for 
several comorbidities still observed SES differences in 
OHCA survival,6 7 indicating that unmeasured factors, for 
example, lifestyle, might play a role. Moreover, although 
our analyses were adjusted for resuscitation character-
istics, disparities in other cardiac arrest related factors 
could affect outcome as, for example, the recognition 
of cardiac arrest and subsequent time to interventions.6 
This is supported by our finding that a large difference 
in the frequency of shockable initial rhythm is observed 
between income quartiles.

Overall, we found consistent associations between 
income and OHCA survival across age in men and women, 
except in older men. Survivorship bias may have attenu-
ated results in the older men, as individuals with worse 
survival odds for OHCA may have died of other causes 
due to conditions associated with lower SES, resulting in 
a healthier comparator (Q1). However, in older women 
we did observe an association between increasing income 
and survival. Survivorship bias may have had a lesser 
effect in women as they overall have a higher life expec-
tancy and have reported lower cardiovascular mortality 
rates.30–32 Our results are different to a previous study 
that investigated age differences in income and OHCA 
survival in Denmark.6 Møller et al found an opposite 
trend in the 30–65 years population as compared with 
≥65 years population.

Implications
This study does not support the need for immediate 
targeted interventions on actionable prehospital resus-
citation care characteristics in relation to SES in the 
Netherlands, since actionable resuscitation character-
istics did not explain the association between income 
and OHCA survival. Nevertheless, interventions targeted 
at SES- related factors, for example, lifestyle, might be 
useful. Though more research is required, for example, 
by studying the association between income and survival 
after OHCA in other countries, as well as by getting more 
insight into the living circumstances and lifestyle habits 
of study populations.

Limitations
First, income in the year preceding the year of OHCA was 
used to determine an individual’s SES. This might not 
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fully grasp SES over time, as income might have changed 
in the years before OHCA, leading to misclassification and 
reducing associations. Furthermore, household income 
was not linearly related with personal income in women. 
The lowest quartile of personal income contained women 
with relatively high household income (Q3 of Q4). There-
fore, Q1 of personal income in women may contain noise. 
This may be explained by women more often staying at 
home with their partner being the primary earner.15 
Therefore, we choose to focus on household income, as 
this may be a better indicator of SES when comparing 
the association between SES and OHCA survival between 
men and women. Nonetheless, using household income 
assumes an even distribution of income according to the 
needs in the household, which may not always be true.15 
Also, the association between income and survival may be 
influenced by the healthy worker effect, the phenomenon 
that healthy individuals are more likely to be represented 
in the workforce, and therefore have a (higher) income, 
compared with sicker or less abled individuals.33 Never-
theless, household income is a measure that is corrected 
for household size and composition, which is less affected 
by the healthy worker effect as compared with personal 
income. Furthermore, patients that could not be linked 
to Statistics Netherlands had to be excluded. Since, only 
5% could not be matched and missing case analysis did 
not show significant differences in characteristics with 
the linked cases, we do not expect that this has led to 
substantial selection bias. Moreover, in the dataset avail-
able for this study, we did not have comorbidity data 
available. Nevertheless, a Danish study from Møller et 
al,6 showed that the association between SES and OHCA 
survival persisted after adjusting for comorbidities. We 
expect that the same would apply for our study popula-
tion, given the similarities between the study populations. 
Additionally, differences in hospital treatment might exist 
and affect survival, but these data are unavailable. Lastly, 
residual confounding may still exist despite our attempts 
to control for possible confounding factors, and the 
nature of this study does not allow for causal inference.

Conclusion
Both in men and women, higher individual- level income 
was associated with increased odds to survive to hospital 
discharge after OHCA. Individual- level income only 
explained a small part of outcome variability in OHCA 
survival in both men and women. A shockable initial 
rhythm was the most important resuscitation parameter 
mediating the association between income and OHCA 
survival in both men and women. Therefore, this study 
does not support the need for immediate targeted inter-
ventions on actionable prehospital resuscitation care 
characteristics in relation to SES in both men and women.
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