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Abstract \\
Background: The aim of this systematic review and meta-analysis was to investigate the associations of community-level |
socioeconomic status (SES) on outcomes of patients with out-of hospital cardiac arrest (OHCA).

Methods: A systematic literature review was conducted using PubMed, EMBASE, and the Cochrane database according to
guidelines of Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA). We included literature that presented
the outcomes based on community-level SES among patients with OHCA. SES indicators included economic indicators such as
income, wealth, and occupation, as well as combined indicators, where any of these indicators were integrated. Outcomes were
bystander cardiopulmonary resuscitation (CPR) and survival to discharge.

Results: From 1394 titles, 10 cross-sectional observational studies fulfiled inclusion and exclusion criteria, representing 118,942
patients with OHCA. The odds ratios (ORs) of bystander CPR and survival to discharge for lower community-level SES patients were
lower than those for higher community-level SES by economic SES indicators (bystander CPR OR 0.67; 95% Cl 0.51-0.89, survival
to discharge OR 0.60; 95% CI 0.35-1.02). Based on combined SES indicators the results showed similar patterns (bystander CPR
OR 0.80; 95% Cl 0.75-0.84, survival to discharge OR 0.76; 95% Cl 0.63-0.92).

Conclusion: In this meta-analysis, community-level SES was significantly associated with bystander CPR and survival among
patients with OHCA.

Abbreviations: Cl = confidence interval, CPR = cardiopulmonary resuscitation, EMS = emergency medical services, NOS =
Newcastle-Ottawa Scale, OHCA = out-of hospital cardiac arrest, OR = odds ratios, SES = socioeconomic status, US = United

states.
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1. Introduction

Out-of-hospital cardiac arrest (OHCA) is a major health problem
in Europe, the United States (US), and Asia. The OHCA incidence
rate per 100,000 persons has been reported to be 87 in Europe,
140.7 in the U.S., and 28.3 in Asia."?! Due to recent
multidisciplinary efforts, outcomes of patients with OHCA have
begun to improve.>* However, the extent of these improve-
ments varies significantly depending on the region, sex, or socio-
economic status (SES).[>¢

SES is defined as a sociological and economic total measure
based on educational attainment, income, employment variables,
and alike.[””8! SES has been linked to a number of health
behaviors and outcomes, including cardiovascular disease, and
OHCA.P"We are well aware that patients with low SES are likely
to have lower levels of education, poorer health literacy, and less
access to timely and safe emergency health care, including out-of-
hospital.l'% These might lead to poor outcomes for patients with
alow SES. However, the characteristics of bystander intervention
as well as the characteristics of the patient may influence the
health outcome, but few studies have measured the SES of the
bystander. Recently, several studies have reported associations
between community-level SES and rates of bystander cardiopul-
monary resuscitation (CPR) in patients with OHCA.®11-14]
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Community-level SES is a useful alternative indication in order to
measure the bystander SES, because it is challenging to measure
individual bystander SES’s in the tremendously chaotic situation
of an initial resuscitation intervention. Appendix, http:/links.
lww.com/MD/F532.

In previous studies, associations between community-level SES
and rates of bystander CPR intervention were inconsistent.'® !~
1 The reason for the inconsistency is unclear because
community-level SES may have differing associations with either
health outcomes for individual-level SES or subpopulations and
different indicators maybe used in measuring community-level
SES (e.g., income, education, or combined measure of depriva-
tion). A systematic review and meta-analysis can help to clarify
the pattern of associations between community-level SES and
bystander CPR in patients with OHCA. The aim of this study was
to examine the literature pertaining to the association of
community-level SES and health outcomes of patients with
OHCA.

2. Methods

This study followed the guidelines of Preferred Reporting Items
for Systematic Reviews and Meta-Analyses.['* Because this study
design is systematic review and meta-analysis, the ethics
committee or institutional review board permission is not needed.

2.1. Eligibility criteria

We included literature dealing with OHCA patients, and not
limiting patient age, the environment of the cardiac arrest (e.g.,
witnessed status), or the location of the cardiac arrest. We
included literature that presented results based on community-
level SES. Factors indicating SES such as income, educational
level, occupation, assets, and deprivation index were included.
The exclusion criteria were:

(1) studies that intended to describe methodologies or reviews of
literature;

(2) studies that did not report outcomes; and

(3) studies that did not include a comparator group.

2.2. Outcomes

We investigated OHCA outcomes following the Utstein guide-
lines ¢

(1) bystander CPR and
(2) survival to hospital discharge or 30-day survival.

We also reviewed neurological recovery, defined as a Cerebral
Performance Category score of 1 or 2 at discharge.”! A score of
1 indicates mild or no neurological deficit; 2 indicates moderate
cerebral disability; 3 indicates severe cerebral disability; 4
indicates coma or vegetative state; and, lastly, 5 indicates brain

death.

2.3. Search strategy

We searched PubMed, EMBASE, and the Cochrane Database for
articles that were published before May 31, 2018, regardless of
language, using Google Translate where needed. We searched
both medical subject heading terms and any keywords for SES:
socioeconomic, education, income, occupation, employment,
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and deprivation. We applied truncation symbols as part of the
search strategy. Two reviewers conducted independent searches
using a standard review protocol to identify all relevant peer-
reviewed articles and also included articles in press, correspon-
dence, and short reports. The 2 reviewers then independently
screened the title and abstracts of articles, and if the inclusion
criteria were met, we reviewed the entire article. Additionally, we
conducted back-searching of article references. We selected the
final list of articles used for this meta-analysis based on a
consensus between the 2 reviewers. If a mismatch occurred, a
third reviewer intervened to resolve the controversy.

2.4. Data extraction

The 2 reviewers conducted independent data extraction to
identify the following characteristics: study name, study year,
demographics of OHCA patients, contents of community-level
SES, and crude numbers of OHCA patients according to SES
groups. We also extracted the number of patients who received
bystander CPR and survived. In addition to raw outcomes, we
also extracted outcomes after adjusting odds ratios (ORs) and
95% confidence intervals (Cls) for each outcome using regression
analysis when available. When studies did not demonstrate
adjusted ORs for outcomes, we calculated ORs using data
extracted from the studies. We resolved our disagreements by
arbitration and ultimate consensus.

2.5. Quality of evidence

To evaluate the quality of evidence, we used the modified
Newecastle-Ottawa Scale (NOS). The NOS is a representative tool
developed for critical appraisal of observational studies, such as
cohort and case-control studies.!"® This modified NOS has been
adapted from the NOS for assessing the quality of cross-sectional
studies for systematic review and meta-analysis.''”! The modified
NOS system consists of the following 3 items based on the study
design:

1. Selection (Maximum 5 stars);
2. Comparability (Maximum 2 stars); and
3. Outcome (Maximum 3 stars).

Selection includes 4 sub-items:

) Representativeness of the sample;

) Sample size;

) Non-respondents; and

) Ascertainment of the exposure (risk factor).

(1
(2
(3
(4

Comparability does not have any sub-items.
Outcome includes 2 sub-items:

(1) Assessment of the outcome and
(2) Statistical test.

The 2 reviewers independently scored the quality of literature
using the NOS star system, ranging from 0 to 10 stars. We
resolved our disagreements by arbitration and ultimate consen-
sus.

2.6. Statistical methods

We transformed the treatment effects to log ORs with 95% Cls,
and we combined them for each outcome using a random-effects
model. We assessed heterogeneity using Cochran Q test based on
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Figure 1. Flow of literature selection.

the corresponding I?, with I*>50%, indicating significant
heterogeneity.*”! We conducted meta-analyses to compare the
rate of bystander CPR and the rate of survival between low and
high SES groups.

3. Results

3.1. Demographic findings of articles

The primary search strategy produced 1394 titles for review, and
after we removed duplicates, we screened the titles of 1290
articles. We then assessed 41 abstracts of articles for eligibility
and excluded 16 studies because no outcome variables were
provided. We fully reviewed 25 articles and excluded an
additional 14 studies due to a lack of outcome variables of
SES. There is duplication of data in studies using CARES of the
US and 1 article was excluded. Finally, 10 articles satisfied all
inclusion and exclusion criteria.[®1171*21=25] There was no

discrepancy between the reviewers for including or excluding
studies (Fig. 1).

Table 1 summarizes the measurement of SES and results of
studies in this systematic review. Although studies have been
conducted in various countries, the final analysis included studies
conducted in the US, Europe (England, Denmark, and France),
and Asia (Republic of Korea and Taiwan). Several types of SES
indicators were used in the studies included in this systematic
review. Five studies used an economic indicator of community
SES (such as median household income or tax-assessed property
of community),!1*12224251 while 4 studies used combined
indicators of communities (consisting of overcrowding, unem-
ployment, manual occupation, and so on)®'>13231 and| lastly, 1
study used the proportion of highly educated residents.!*!

We included 10 studies that spanned 13years, with samples
ranging from 1108 up to 34,227 patients with OHCA (Table 2).
All 10 studies reported bystander CPR rates, and 6 out of 10
studies reported survival to discharge. Three out of 10 studies
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Summary of included studies.

Category of

Study Region SES indicator Measurement of SES Summary of results

Clarke 200528 Washington/US Economic Median household income of the census tract as Area-level of SES did not predict survival among
a categorical variable with 4 values patients with OHCA.

Sasson 20111 Atlanta/US Economic Median household income of the census tract as Cardiac arrests in the census tracts that rank in
a categorical variable with 5 values the highest quintile of median household

income were more likely to receive bystander
CPR and survive than the reference group in
the lowest median quintile.

Sasson 2012!""! 29 sites/US Economic Median household income of the census tract as Patients were Less likely to receive bystander
a categorical variable with 5 values CPR if they had cardiac arrest in a

neighborhood that was low-income.

Chiang 2014 Taipei/Taiwan Economic Average price of real estate of the 12 Patients who experienced an OHCA in low-SES
administrative districts as a categorical variable areas were less likely to receive bystander CPR
with 2 values And demonstrated worse survival outcomes.

Chang 2018 Republic of Korea Economic Property tax per capita of the census tract as a By property tax Per capita of the county, there
categorical variable with 3 values were no statistical differences in their

bystander CPR, survival to hospital discharge,
and good neurological recovery.

Ahn 20119 Republic of Korea Combined The Combined SES index was calculated using Area deprivation was significantly associated with
these 4 components: (1) overcrowding (more survival to hospital discharge among OHCA
than 1.5 persons/room), (2) the percent patients.
unemployment among economically active men
(between 15 and 64 yr), (3) the percent in
manual occupations, (4) lack of car ownership
The combined SES index of 250 administrative
districts as a categorical variable with 5 values
from Q1 (least deprived) to Q5 (most deprived).

Moncur 20162 North East England Combined The index of multiple deprivation (IMD) score is Patients in the least deprived Quintile were
calculated from several indicators, covering significantly more likely to receive bystander
economic, social and housing issues. as a CPR when compared with those in the most
categorical variable with 5 values from Q1 deprived quintile.

(least deprived) to Q5 (most deprived)

Dahan 2017("® Paris/France Combined The neighborhood SES was classified in 2 People Collapsing with OHCA are less likely to
categories. The neighborhood SES was receive bystander CPR in low SES
calculated using 4 components: (1) median neighborhoods.
household income, (2) the percentage of blue-
collar workers in the working population, (3)
the unemployment rate, and (4) the percentage
of adults without high school diplomas

Lee 20180 Republic of Korea Combined The combined SES index was calculated using The improvement of bystander CPR rate was
these 4 components: (1) overcrowding (more more prominent in the highest SES
than 1.5 persons/room), (2) the percent communities (from 1.6% to 23.4%) than the
unemployment among economically active men lowest (1.6%—12.4%). Rates of survival
(between 15 and 64 yr), (3) the percent in increased in the highest communities from
manual occupations, (4) lack of car ownership 3.5% to 7.8%, while smaller increases in
The combined SES index of 250 administrative survival were observed in the lowest
districts as a categorical variable with 5 values communities (2.3%—5.0%).
from Q1 (least deprived) to Q5 (most deprived).

Lee 2016!" Republic of Korea Educational Proportion of highly educated residents (high OHCA patients in communities with a higher

school graduates and higher) in a community
categorized into quartile groups

proportion of highly-educated residents were
more likely to receive bystander CPR.

“CPR= cardiopulmonary resuscitation, NA=non applicable, OHCA =out-of hospital cardiac arrest, SES = socioeconomic status, US=United states, USD =United States Dollar.

reported neurologic recovery. The baseline characteristics and
raw outcomes of included studies are summarized in Table 2.

3.2. Meta-analysis

Most of the included studies divided the SES into multiple (more
than 3) values, while 2 studies divided the SES into only 2 values.
To estimate the pool effects of SES, we rearranged the SES values

in all studies dichotomously. In cases of dividing into 5 levels, the
upper 3 levels were summed up as higher SES and the lower 2

levels were summed up as lower SES. In cases of dividing into 3
levels, the upper 1 level was designated as higher SES and the
lower 2 levels were designated as lower SES.

We conducted meta-analysis with similar SES indicators: 5
studies using economic SES indicators and 4 studies using
combined SES indicators. The remaining study used educational
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Figure 2. Forest plots for outcomes with low socioeconomic status (SES) communities compared with high SES communities of economic SES indicators. A:
bystander CPR; B: survivals to discharge; C: neurologic recovery. Cl=confidence interval, CPR = cardiopulmonary resuscitation, IV=inverse variance, SE=

standard error, SES =socioeconomic status.

level as SES indicator and hence we could not conduct a meta-
analysis for such.

Patients from communities with lower SES had lower odds of
bystander CPR and of survival to discharge than patients in
higher SES communities by economic SES indicators (bystander
CPR OR: 0.67; 95% CI: 0.51-0.89; survival to discharge OR:
0.60; 95% CI: 0.35-1.02). Neurologic recovery did not have a
significant association according to the economic SES indicators.
We observed significant study-level heterogeneity by economic
SES indicators (bystander CPR I>=93%; survival to discharge
*=94%; neurologic recovery I?’=72%) (Fig. 2). Based on
combined SES indicators, OR of bystander CPR and survival
discharge in patients with lower community-level SES were lower
compared with those with higher community-level SES (bystand-
er CPR OR: 0.80; 95% CI: 0.75-0.84; survival to discharge OR:
0.76; 95% CI: 0.63-0.92). Among studies using combined SES
indicators, we observed that the heterogeneity of bystander CPR
was very low (I*=0%). The heterogeneity of survival to
discharge among studies was significant (I=63%) (Fig. 3).

3.3. Quality of evidence

Given that all 10 articles were cross-sectional observational
studies, the quality of evidence— based on the modified NOS
system—was high in 9 out of 10 studies (Table 3). Because all
included articles were population-based studies, each earned 2
stars for representativeness of the sample. However, none of the

10 studies presented the sample size calculation. Nine of the 10
studies conducted multivariable logistic regression analysis
adjusted for potential confounders (2 stars). All studies used
data linkage of pre-hospital registry and hospital medical records.
We regarded this data link as a blind assessment of outcome, and
all studies were awarded 2 stars.

4. Discussion

In this systematic review and meta-analysis of 118,942 patients
with  OHCA across countries, community-level SES was
associated with bystander CPR rates and the survival of patients
with OHCA. We found that lower bystander CPR and survival
rates were demonstrated in communities with lower SES levels
compared with those communities that had higher SES levels.
These results were seen not only in the meta-analysis of studies
using economic SES indicators, but also in the meta-analysis of
studies using combined SES indicators.

The main exposure variable in this study was community-level
SES. In this systematic review and meta-analysis, 9 of the 10
studies were published since 2010, reflecting the growing interest
in the disparity of bystander CPR. The mechanisms underpinning
the lower bystander CPR and survival rates among lower SES
communities remain speculative. One possible explanation for
the disparity of bystander CPR is that there is an unequal
opportunity of CPR education for those in lower SES-level
communities. Previous qualitative studies reported that barriers
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Figure 3. Forest plots for outcomes with low socioeconomic status (SES) communities compared with high SES communities of combined SES indicators. A:
bystander CPR; B: survival to discharge. Cl=confidence interval, CPR=cardiopulmonary resuscitation, IV=inverse variance, SE=standard error, SES=

socioeconomic status.

to learning CPR in low SES residences included financial,
informational, and motivational factors.*®! In our systematic
review, only 1 study reported the association between level of
education in community and bystander CPR.™ This study
demonstrated that OHCA patients in communities with a higher
proportion of highly educated residents were more likely to
receive bystander CPR. Interestingly, this disparity was widened
in groups that were instructed on CPR via telephone (T-CPR).
This interaction between community-level SES and T-CPR on
provision of bystander CPR was revealed not only when
education level was used as an indicator of community-level
SES but also when it was used as an economic indicator.!*3! The
authors of these studies suggested tailored T-CPR programs to
overcome these disparities. Additionally, it is worth noting that
community-level SES reflects a disparity of access to health care
resources. The studies included in our systematic review also
provided results for this association. Studies in the U.S., Korea,
and Taiwan showed disparities in emergency medical services
(EMS) response time according to community-level SES, with

times.?>2*271 In contrast, results of a study in Paris showed
no association between community-level SES and time intervals
from call to automated external defibrillator application. Authors
suggested the standardized EMS response in Paris could attenuate
SES disparity in patients with OHCA. However, it did not show
any trend depending on the type of SES indicator.

Although which subpopulations may be especially vulnerable
for SES disparity would be an interesting research question, there
were few studies exploring different associations according to age
or sex. One study in this systematic review included a pediatric
patient. This study showed no association between community-
level SES and provision of bystander CPR and neurologic
recovery. These results are interesting because they are unique
among the 10 studies included in this study. It may be
controversial that these results are due to the characteristics of
pediatric patients. A previous study that investigated whether
bystander CPR provision differed according to the levels of
education and income of parents of pediatric patients reported

that the bystander CPR rate was higher in the higher SES group
28]

higher SES communities seeing faster EMS response  compared with those in the lower SES group.!
Table 3
Quality of evidence.

Selection Comparability Outcome

4) Ascertainment 1) Confounding 1) Assessment

1) Representativeness 2) Sample of the exposure factors are of the 2) Statistical
Author/yr Region/country of the sample size 3) Non-respondents (risk factor) controlled outcome test Total Quality
Clarke 2005 Washington/Us - - NA . - - . 8 high
Ahn 2011 Republic of Korea n - NA . » " . 8 high
Sasson 2011 Atlanta/US " - NA ; » " . 8 high
Sasson 2012 29 sites/US i - NA . » i . 8 high
Chiang 2014 Taipei/Taiwan . - NA ) N . ) 8 high
Lee 2016 Republic of Korea . - NA . . ) 8 high
Moncur 2016 North East England/UK " - NA ; o " . 6 middle
Dahan 2017 Paris/France - - NA ) » " . 8 high
Chang 2018 Republic of Korea i - NA . - n . 8 high
Lee 2018 Republic of Korea ) - NA ' o 8 high

“NA=non applicable, UK=United Kingdom, US=United States.

“The sample size item was not rated in all literature. When calculating the total score, it was treated as 0.
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The main strengths of this meta-analysis were the large
number of participants in the studies we included and the
diversity of study populations to explore possible sources of
heterogeneity. The studies included in this meta-analysis used
various SES scales based on country-specific economic and
educational realities. Nonetheless, we do not expect such
variation to have materially influenced our meta-analysis
results. In addition, 6 of the 10 studies demonstrated a dose-
response association between SES level and the provision of
bystander CPR and patient survival. These dose-response
associations support a causal inference between SES and
outcome variables.

5. Limitations

There are a few limitations to this study. First, the reviewed
studies used observational data, which may include reporting
bias. While we did not restrict our research to particular
countries, studies included in this meta-analysis were mostly
conducted in high-income countries. We cannot preclude the
possibility that having more data from low- and middle-income
countries may have altered our findings. Second, we calculated
pooled effects using recalculated crude OR, because we
rearranged SES categories and could not use adjusted OR
presented in each study. Third, the heterogeneity was very high
for each meta-analysis. However, we postulated that differences
in EMS systems and differences of SES gradients of the regions
studied could result in significant heterogeneity in the out-
comes."*!! Finally, the number of studies from which the data was
extracted was small. This was due to the lack of a study with
minimal data for meta-analysis among the studies included in
this study.

6. Future directions

In order to improve the health outcomes among patients with
OHCA, further community-based interventions for narrowing
the gaps in SES are warranted.

7. Conclusion

Our systematic review and meta-analysis demonstrated the
pooled effects of community-level SES on the provision of
bystander CPR and survival among patients with OHCA.
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