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Abstract

Introduction: Associations between neighbourhood environments and survival outcomes after out-of-hospital cardiac arrests (OHCAs) have been
proposed. The purpose of this study was to examine the association between county-level cardiopulmonary resuscitation (CPR) training rates and
improvements in survival outcomes after OHCA over 5 years.

Methods: Emergency medical service (EMS)-treated OHCAs with cardiac etiology between 2012 and 2016 were analyzed, excluding cases witnessed
by EMS providers. The main exposure of interest was county-level CPR training rate defined as the proportions of residents having received CPR
training, which was measured in 2016. The endpoint was survival with good neurological recovery. We compared the differences between outcomes
from 2012 and 2016 according to quartile groups of counties by the CPR training rates using a difference-in-differences design.

Results: A total of 81,250 OHCAs in 254 counties were analyzed. The risk-adjusted good neurological recovery rates increased from 5.4% in 2012 to
7.1% in 2016 (adjusted rates difference: 1.6% (1.2-2.1)). The OHCASs that occurred in counties with the highest county-level CPR training rates were
more likely to survive with good neurological recovery (adjusted rates: 5.2% in 2012 and 7.4% in 2016, difference: 2.2% (1.5-2.9)) than were those
occurring in the lowest county-level CPR training counties (adjusted rates: 5.9% in 2012 and 6.0% in 2016, difference: 0.1% (—1.1 to 1.2)). The
difference-in-differences was 2.1% (0.8-3.5).

Conclusions: There were moderate associations between county-level CPR training and improvements in good neurological recovery rates over
5years in the counties.
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Introduction

Bystander-initiated early cardiopulmonary resuscitation (CPR) is a
crucial neighbourhood factor associated with significantly higher
survival outcomes after out-of-hospital cardiac arrest (OHCA)."™
Despite various global and local efforts in compliance with
recommendations for international committees, the provision of
bystander CPR varies between communities, countries and con-
tinents.*

Neighbourhood and bystander factors are associated with the
provision of bystander CPR and survival outcomes after OHCA.5""
OHCA patients who collapsed in a neighbourhood with higher CPR
capacity were more likely to receive bystander CPR and achieve
better survival outcomes than were those in a neighbourhood with
lower CPR capacity.” Public health interventions including public CPR
training programmes that are aimed at increasing neighbourhood
CPR capacity not only produce better clinical outcomes for individual
OHCA patients but also improve of neurological and survival
outcomes after OHCA in the community. Although several studies
have examined the effects of neighbourhood characteristics on
bystander CPR and survival outcomes for OHCA victims,>®” there
has been little evidence of the neighborhood CPR capacity and
longitudinal trends of bystander CPR rates and survival outcomes
after OHCA in the communities.

We hypothesized that neighbourhood CPR training rates at county
level would be strongly associated with higher likelihoods of bystander
CPR and better survival outcomes after OHCA as well as continued
improvements in survival outcomes over a certain time period in the
counties. The aims of this study were to assess how the proportions of
residents with CPR training at county level affected bystander CPR
and survival outcomes for OHCA victims and to evaluate the
association between CPR training rates and changes in survival
rates over 5 years in counties using a difference-in-differences design,
independent of individual characteristics and neighbourhood socio-
economic status.

Methods
Study design, setting, and data collection

This was a cross-sectional study using the Korean Community Health
Survey (CHS) and a nationwide OHCA registry in Korea (254 counties
in 16 provinces with a total population of approximately 50 million
people).

In Korea, the emergency medical services (EMS) system is
exclusively operated by the National Fire Agency. EMS providers are
not allowed to stop administering CPR at the scene and must transport
all EMS-assessed OHCA patients to the nearest emergency
department (ED). The nationwide OHCA registry, which captures
all EMS-assessed OHCA patients, was constructed in 2006 using an
EMS run sheet, an EMS cardiac arrest registry for Utstein factors, a
dispatcher CPR registry, and the medical record review for hospital
care and outcomes.

The Korean CHS is a nationwide, county-based, cross-sectional
household-level survey from the Korea Centers for Disease Control
and Prevention (CDC) that has been annually conducted since 2008.
It is conducted by 254 county health authorities to gather health-
related information, including health care utilization, health behavior,

and health-related knowledge such as CPR awareness and
experiences of CPR ftraining. A total of 228,452 participants
responded to the survey of 247 items between September and
November 2016 (0.6% of approximately 42 million populations of aged
>19), who were members of representatively selected households
sampled using probability proportional to size and systematic
sampling method. An average of 920 adults in each county
participated in the survey. All surveys were administered by trained
interviewers using structured survey forms in a face-to-face interview
according to a strong quality management programme and survey
protocol.”""

The EMS division of the Ministry of Health and Welfare financially
supports the 16 provincial governments for public CPR campaigns
and training for laypersons and the first responders to increase
bystander CPR. CPR training programmes are provided by hospitals,
fire departments, academic and scientific societies, non-governmen-
tal organizations, and branches of the Red Cross.” The total number of
layperson CPR trainees was 299,138 in 2013, 419,804 in 2014,
601,066 in 2015 and 606,284 in 2016. Enforcement of the EMS Act
requires mandatory training of first responders, including firefighters,
police officers, sports facility managers, safety guards, lifeguards,
school health teachers, workplace safety employees, managers of
nursing homes and public transportation vehicle drivers.'? A total of
157,853 first responders participated in the CPR and AED training
course from 2013 to 2016. The National Fire Agency implemented a
nationwide dispatcher-assisted bystander CPR programme in 2012.

Study population

All EMS-treated OHCA patients with presumed cardiac etiology
between 2012 and 2016 were included. Cases that were witnessed by
EMS personnel and cases with unknown information regarding
neurological outcomes were excluded.

Main outcomes

The primary and secondary outcomes were good neurological
recovery and survival at discharge from the hospital, as identified
by a medical record review. The tertiary outcome was provision of
bystander CPR, which was defined as a layperson or a first responder
performed CPR regardless of dispatcher-provided CPR instructions.
An EMS provider identified bystander CPR provision at the scene,
confirmed with the EMS cardiac arrest registry.

Variables and measurements

The main exposure of interest was the neighbourhood CPR training
rate for each county, calculated as the proportions of residents having
received on-site group CPR training for 40 minutes or longer in the
county using a question from the 2016 Korean CHS.” To compare the
patient- and county-level characteristics across the counties with
various county-level CPR training rates, the main exposure was
classified by quartiles based on the number of counties: the highest
(Q1), higher (Q2), lower (Q3), and lowest (Q4) counties.

We collected demographic factors and EMS factors, including date
of arrest, address of arrest incident, age, gender, past medical history
(diabetes mellitus, hypertension, heart disease, and stroke),
witnessed status, location of arrest (public vs. private), primary
electrocardiogram at the scene, prehospital defibrillation, and EMS
response time (interval from call to EMS arrival at the scene); and we
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collected county-level factors, including urbanization level of the
county (metropolitan city, urban, and rural area), the proportion of
highly educated residents in the county (quartile), and the Carstairs
deprivation index of arrest incident county. The quartile-grouped
county-level CPR training rates were merged with individual patient
information using the addresses of the arrest incident location.

Statistical analysis

To test the associations of individual factors (level 1) and county-level
factors (level 2) with the study outcomes, generalized linear mixed
models for multilevel logistic regression analysis were used after
controlling for potential confounders including both individual-level
factors (age, gender, past medical history (diabetes mellitus,
hypertension, heart disease, and stroke), bystander witnessed, and
location of arrest) and county-level factors (urbanization, the
proportion of highly educated residents, and the Carstairs deprivation
index of the arrest incident county).

The adjusted odds ratios (AORs) and 95% confidence intervals
(95% Cls) of the exposure variables on study outcomes were
calculated in the study population among whom the cardiac arrest
occurred in 2016. The county-level CPR training rate for each county
was analyzed as categorical variable based on quartiles, as well as
continuous variable. For quartiles, AORs on study outcomes were
calculated with the lowest (Q4) county-level CPR training rate group
as reference. Alternatively, for continuous variable, AORs on study
outcomes per 10% increment in county-level CPR training rate were
also calculated to assess intuitively how much the bystander CPR rate
and survival outcomes can be improved by increasing the CPR
training rate in a county.

We calculated the risk-adjusted rates and 95% Cls of study
outcomes by year in each quartile group of counties, after adjustment
for abovementioned potential confounders of individual and county
levels, to compare the study outcomes between years and the county
groups with various CPR training rates. And then, we calculated the
differences in risk-adjusted rates and 95% Cls between 2012 and
2016 (over a 5-year period) in each quartile group of counties, to
measure the trends of survival outcomes after OHCA and bystander
CPR provision over 5 years in each county group with various county-
level CPR training rates. We also calculated difference-in-differences
of risk-adjusted rates between exposure groups using multilevel linear
regression analyses with the interaction term (county-level CPR
training x year) to evaluate if the increase of survival outcomes and

bystander CPR rates over the 5-year period varied between the
county-level CPR training rate in a county.

For sensitivity analysis, the final multivariable logistic regression
interaction analyses were conducted for OHCA events occurring
between 2013 and 2016 (a 4-year period), between 2014 and 2016 (a
3-year period), and between 2015 and 2016 (a 2-year period).

All variables included in the final model were assessed for
multicollinearity; however, no significant collinearity was detected. All
statistical analyses were conducted using SAS software, version 9.4
(SAS Institute Inc., Cary, NC, USA).

Ethics statements

The study was approved by the Institutional Review Boards of the
Seoul National University Hospital (IRB No. 1103-153-357) and the
Korea Centers for Disease Control and Prevention (IRB No. 2012-
07CON-01-2C).

Results
Demographic findings

Among 135,518 EMS-assessed OHCA patients during the study
period, 81,250 were analyzed, excluding those with non-cardiac
aetiology (n=36,938), patients who did not receive any resuscitative
efforts (n=10,245), and patients whose events were witnessed by
EMS providers (n=7085) (Fig. 1).

The individual characteristics of the study population according to
the quartiles of county-level CPR training rates in counties are shown
in Table 1. Number of counties for each quartile group were 63 and
64 counties. Of 81,250 OHCA patients with presumed cardiac origin,
2935 (3.6%) survived with good neurological recovery, 4972 (6.1%)
survived to hospital discharge, and 40,944 (50.4%) received
bystander CPR. OHCA events occurring in Q1 (the highest)
county-level CPR training group counties were more likely to receive
bystander CPR, survive to discharge, and have good neurological
outcome than were those occurring in Q4 (the lowest) group counties.

Multivariable multilevel logistic regression analysis

Among patients with arrests in 2016, AORs (95% Cls) for good
neurological outcome were 1.99 (1.10-3.62) for the Q1 (the highest)

p
EMS-assessed OHCA
N=135,518

N

v

Non-cardiac etiology, n=36,938

OHCA with presumed cardiac etiology
N=98,580

v

No resuscitation attempted, n=10,245

EMS-treated OHCA
N=88,335

v

Witnessed by EMS providers, n=7,085

Eligible for analysis
N=81,250

Fig. 1 - Patient flow.

EMS: emergency medical service; OHCA, out-of-hospital cardiac arrest; CPR: cardiopulmonary resuscitation.
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Table 1 - Demographics of all eligible out-of-hospital cardiac arrests by county-level CPR training rate.

Total County-level neighbourhood CPR training rate
Q1 (49-61.9%) Q2 (45.7-49.5%) Q3 (39.2-45.6%) Q4 (19.1-39.1%)
n*=63 n*=64 n* =64 n*=63
N (%) N (%) N (%) N (%) N (%)

Total 81,250 25,079 26,971 19,129 10,071
Age, year, median (IQR) 72 (58-80) 71 (56-80) 71 (57-80) 73 (59-81) 74 (62-82)
Age, elderly 29,881 (36.8) 10,108 (40.3) 10,179 (37.7) 6,627 (34.6) 2,967 (29.5)
Gender, female 29,772 (36.6) 9,154 (36.5) 9,951 (36.9) 6,952 (36.3) 3,715 (36.9)
Past medical history

Diabetes mellitus 16,716 (20.6) 5,391 (21.5) 5,847 (21.7) 3,853 (20.1) 1,625 (16.1)

Hypertension 25,554 (31.5) 8,162 (32.5) 8,920 (33.1) 5,916 (30.9) 2,556 (25.4)

Heart disease 11,590 (14.3) 3,623 (14.4) 3,990 (14.8) 2,709 (14.2) 1,268 (12.6)

Stroke 7,013 (8.6) 2,234 (8.9) 2,293 (8.5) 1,725 (9.0) 761 (7.6)
Urbanization level

Metropolitan city 45,948 (56.6) 18,565 (74.0) 16,800 (62.3) 9,034 (47.2) 1,549 (15.4)

Urban area 24,414 (30.0) 5,804 (23.1) 9,130 (33.9) 6,708 (35.1) 2,772 (27.5)

Rural area 10,888 (13.4) 710 (2.8) 1,041 (3.9) 3,387 (17.7) 5,750 (57.1)
Public place 14,184 (17.5) 4,572 (18.2) 4,698 (17.4) 3,321 (17.4) 1,593 (15.8)
Witnessed 35,446 (43.6) 11,258 (44.9) 11,739 (43.5) 8,216 (43.0) 4,233 (42.0)
Bystander CPR 40,944 (50.4) 13,222 (52.7) 13,626 (50.5) 9,444 (49.4) 4,652 (46.2)

With CPR instruction 31,059 (38.2) 9,918 (39.5) 10,441 (38.7) 7,328 (38.3) 3,372 (33.5)

Without CPR instruction 9,885 (12.2) 3,304 (13.2) 3,185 (11.8) 2,116 (11.1) 1,280 (12.7)
Primary shockable rhythm at the scene 12,454 (15.3) 4,180 (16.7) 4,252 (15.8) 2,811 (14.7) 1,211 (12.0)
Bystander defibrillation 596 (0.7) 186 (0.7) 179 (0.7) 153 (0.8) 78 (0.8)
EMS defibrillation 18,149 (22.3) 5,828 (23.2) 6,003 (22.3) 4,247 (22.2) 2,071 (20.6)
EMS response time interval, min, median (IQR) 7 (5-10) 7 (5-9) 6 (5-9) 7 (5-10) 9 (6-13)
Survival outcomes by year

Survival to discharge 4,972 (6.1) 1,856 (7.4) 1,863 (6.9) 1,015 (5.3) 238 (2.4)

Good neurological recovery 2,935 (3.6) 1,096 (4.4) 1,124 (4.2) 573 (3.0) 142 (1.4)

Q: quartile; IQR: interquartile range; CPR: cardiopulmonary resuscitation; EMS: emergency medical services.

n* refers number of communities.

group, 2.49 (1.39-4.44) forthe Q2 (higher) group, and 1.12 (1.07-3.47)
for the Q3 (lower) group, compared with the Q4 (the lowest) group.
OHCA patients whose arrest occurred in counties with higher county-
level CPR training rate were more likely to survive with good
neurological outcomes, survive to discharge, and receive bystander
CPR than were those in counties with the lowest county-level CPR
training rate (Table 2).

The rates of good neurological recovery and survival to discharge
in 2016 were higher than those in 2012 (risk-adjusted rate difference
(95% Cl): 1.6% (1.2-2.1) for good neurological recovery and 1.0%
(0.5-1.6) for survival to discharge). The risk-adjusted rate difference
(95% CiI) for bystander CPR was 29.7% (28.6-30.9). Considering the
differences in the risk-adjusted rates between 2016 and 2012 in each
group, the Q1 (the highest) and Q2 (higher) groups demonstrated
higher increases in rates of good neurological recovery and survival to
discharge over 5years than did those in the Q4 (the lowest) group
(difference-in-differences for good neurological recovery: 2.1% (0.8~
3.5)) for Q1 and 2.8% (1.5-4.2) for the Q2 group; for survival to
discharge: 1.7% (0.0-3.5)) for Q1 and 3.2% (1.5-5.0) for the
Q2 group). However, there were no significant differences in the
increase of bystander CPR rates over 5 years by groups for county-
level CPR training rate (Table 3).

Sensitivity analysis

Among OHCA patients whose events occurred between 2013 and
2016 (over 4-year period), the increase of risk-adjusted rates were

1.5% (1.0-1.9) for good neurological recovery, 1.1% (0.6-1.6) for
survival to discharge, and 18.1% (16.9-19.2) for bystander CPR
provision. The increase in risk-adjusted rates over 4 years in each
community group compared to those in the Q4 (the lowest) group
(difference-in-differences), Q1 (the highest) and Q2 (higher) groups
demonstrated the higher increases for rates of good neurological
recovery (difference-in-differences for good neurological recovery:
1.6% (0.2-2.9)) for Q1 and 2.2 (0.5-3.9) for the Q2 group). These
trends were maintained; however, magnitudes were lower when the
interval of time was reduced to a 3-year interval and a 2-year interval
(Table 4).

Discussion

This large study of over 80,000 OHCA shows that the county-level
CPR training improved neurological outcomes after OHCA, indepen-
dent of individual characteristics and neighbourhood socioeconomic
status. The major strength of this study was that we measured the
proportion of residents having received CPR ftraining in a county
through face-to-face interviews (a total of 228,452 participants in
254 counties), compared with similar studies which used the total
number of trainees as proxy measure of neighbourhood CPR training
rate. As far as we know the present study is one of the largest studies of
its kind and the first evidence of the association between the county-
level CPR training and longitudinal trends of neurological outcomes
after OHCA. In counties with higher proportions of residents having
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Table 2 - Multivariable multilevel logistic regression analysis of outcomes among patients with arrests in 2016.

Outcomes
n/N (%)

Crude OR (95% Cl)

Adjusted OR? (95% Cl)

Good neurological recovery
Total
County-level CPR training rate
Q1 (49.6-61.9%)
Q2 (45.7-49.5%)
Q83 (39.2-45.6%)
Q4 (19.1-39.1%)
10% increment in the rate
Survival to discharge
Total
County-level CPR training rate
Q1 (49.6 to 61.9%)
Q2 (45.7-49.5%)
Q3 (39.2-45.6%)
Q4 (19.1-39.1%)
10% increment in the rate
Bystander CPR
Total
County-level CPR training rate
Q1 (49.6-61.9%)
Q2 (45.7-49.5%)
Q83 (39.2-45.6%)
Q4 (19.1-39.1%)
10% increment in the rate

786/17,506 (4.5)

288/5,412 (5.3)
327/5,955 (5.5)
145/4,022 (3.6)
26/2,117 (1.2)

1,211/17,506 (6.9)

442/5,412 (8.2)
491/5,955 (8.2)
232/4,022 (5.8)
46/2,117 (2.2)

10,761/17,506 (61

3,453/5,412 (63.8)
3,633/5,955 (61.0)
2,403/4,022 (59.7)
1,272/2,117 (60.1)

.5)

4.86 (2.68-8.83)
4.90 (2.71-8.88)
3.00 (1.61-5.57)
1.00

1.97 (1.61-2.41)

4.19 (2.66-6.60)
4.24 (2.71-6.64)
2.63 (1.63-4.22)
1.00

1.94 (1.63-2.31)

1.16 (1.04-1.29)
1.05 (0.93-1.18)
0.99 (0.86-1.12)
1.00

1.07 (1.01-1.14)

1.99 (1.10-3.62)
2.49 (1.39-4.44)
1.93 (1.07-3.47)
1.00

1.18 (0.99-1.40)

1.77 (1.20-2.62)
2.11 (1.45-3.08)
1.69 (1.14-2.51)
1.00

1.19 (1.03-1.38)

1.29 (1.13-1.48)
1.14 (1.0+-1.30)
1.05 (0.92-1.20)
1.00

1.12 (1.04-1.21)

OR: odds ratio; 95% Cl: 95% confidence interval; CPR: cardiopulmonary resuscitation.

2 Adjusted for age, gender, past medical history (diabetes mellitus, hypertension, heart disease and stroke), witnessed, location of arrest, community urbanization
level, the proportion of highly educated residents and the Carstairs deprivation index of the arrest incident community.

Table 3 - Risk-adjusted rates of study outcomes by county-level CPR training rate and year.
Year Difference (2016 vs. 2012) Difference-in-differences

2012 2016
Adjusted rate (95% Cl) Adjusted rate (95% CIl) Adjusted rate (95% ClI)

Adjusted rate (95% ClI)

Good neurological recovery
Total
County-level CPR training rate
Q1 (49.6 to 61.9%)
Q2 (45.7 to 49.5%)
Q3 (39.2 to 45.6%)
Q4 (19.1 to 39.1%)
Survival to discharge
Total
County-level CPR training rate
Q1 (49.6 to 61.9%)
Q2 (45.7 to 49.5%)
Q3 (39.2 to 45.6%)
Q4 (19.1 to 39.1%)
Bystander CPR
Total
County-level CPR training rate
Q1 (49.6 to 61.9%)
Q2 (45.7 to 49.5%)
Q3 (39.2 to 45.6%)
Q4 (19.1 to 39.1%)

5.4 (4.9 t0 6.0)

5.2 (4.4105.9
51 (4.4105.9
5.5 (4.810 6.3
5.9 (4.9 10 6.9

10.0 (9.3 to 10.8)

10.1 (9.0 to 11.1)
9.4 (8.4 t0 10.4)

10.2 (9.2 to 11.3)
10.5 (9.1 to 11.8)

35.3 (33.7 to 36.8)

36.8 (34.6 to 39.1)
38.7 (36.6 to 40.9)
35.6 (33.3 to 37.8)
30.0 (27.1 to 32.9)

7.1 (6.5 t0 7.6)

7.4 (6.6 10 8.1)
8.0 (7.3 10 8.7)
6.9 (6.2107.7)
6.0 (5.0 to 7.0)

11.1 (10.4 to 11.8)

11.3 (10.3 to 12.3)
12.1 (11.2 to 13.1)
11.0 (10.0 to 12.0)
10.0 (8.7 to 11.2)

65.0 (63.5 to 66.5)

66.9 (64.8 to 69.0)
64.8 (62.8 10 66.9)
64.0 (61.9 to 66.1)
64.4 (61.6 10 67.1)

1.6 (1.2t0 2.1)

2.2 (1.5102.9)
2.9 (2.2 to0 3.6)
1.4 (0.6 t0 2.2)
0.1 (-1.1t01.2)

1.0 (0.5 t0 1.6)

1.2 (0.3t02.1)
2.7 (1.8 t0 3.6)
0.8 (—0.3 t0 1.8)
—0.5 (—2.0 10 0.9)

29.7 (28.6 to 30.9)

30.1
26.1
28.4
34.3

28.2t0 32.0
24.31027.9
26.3 to 30.6
31.4 to 37.3

2.1 (0.8t0 3.5)
2.8(1.5t04.2)
1.3 (—0.1t0 2.8)
Reference

1.7 (0.0 to 3.5)
3.2 (1.5t0 5.0)
1.3 (-0.5t0 3.1)
Reference

—4.3 (-7.8t0 —0.8)
—8.3(—11.7 to —4.8)
—-5.9(-9.6t0 -2.2)
Reference

Cl: 95% confidence interval; Q: quartile; CPR: cardiopulmonary resuscitation.
Adjusted for age, gender, past medical history (diabetes mellitus, hypertension, heart disease and stroke), witnessed, location of arrest, community urbanization
level, the proportion of highly educated residents, the Carstairs deprivation index and interaction term.
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Table 4 - Sensitivity analysis for the risk-adjusted rates of study outcomes by year.

Year 2013 and 2016

Year 2014 and 2016

Year 2015 and 2016

Difference
(2016 vs. 2013)
Adjusted rate
(95% Cl)

Difference-in-
difference
Adjusted rate
(95% ClI)

Difference
(2016 vs. 2014)
Adjusted rate
(95% Cl)

Difference-in-
difference
Adjusted rate
(95% ClI)

Difference
(2016 vs. 2015)
Adjusted rate
(95% Cl)

Difference-in-
differences
Adjusted rate
(95% ClI)

Good neurological
recovery
Total
County-level CPR
training
Q1 (49.6 t0 61.9%)
Q2 (45.7 t0 49.5%)
Q3 (39.2t0 45.6%)
Q4 (19.1t0 39.1%)
Survival to discharge
Total
County-level CPR
training
Q1 (49.6 t0 61.9%)
Q2 (45.7 t0 49.5%)
Q3 (39.2 t0 45.6%)
Q4 (19.1t0 39.1%)
Bystander CPR
Total
County-level CPR
training rate
Q1 (49.6 t0 61.9%)
Q2 (45.7 to 49.5%)
Q3 (39.2 t0 45.6%)
Q4 (19.1t0 39.1%)

1.5 (1.0to 1.9)

1.7 (1.0 to 2.5)
2.4 (1.7 to 3.1)
1.5 (0.7 to 2.3)
0.2 (—1.0t0 1.3)

1.1 (0.6 to 1.6)

1.5 (0.6 to 2.4)
2.2 (1.3 10 3.1)
0.7 (~0.4 10 1.7)
0.0 (—1.4 to 1.5)

18.1 (16.9 to 19.2)

18.2 (16.4 t0 20.1)
17.8 (16.0 to 19.6)
15.7 (13.5 to 17.8)
20.5 (17.5 to 23.5)

1.6 (0.2 t0 2.9)
2.2 (0.9 to 3.6)
1.3 (-0.1t02.7)
Reference

1.5(-0.21t0 3.2)
2.2 (0.5t0 3.9)
0.6 (—1.1t02.4)
Reference

—2.3 (—5.8101.3)
—2.7 (—6.210 0.8)
-4.8(-8.51t0 -1.2)
Reference

0.6 (0.2 to 1.1)

1.0 (0.3t0 1.7)
1.2 (0.5 10 1.9)
0.6 (0.3 t0 1.4)
—0.2 (1.4 10 0.9)

0.9 (0.4 to 1.4)

1.1 (0.2 t0 2.0)
1.2 (0.4 t0 2.1)
1.1 (0.1 t0 2.2)
0.1 (-1.3t0 1.5)

9.5 (8.4 to 10.6)

8.8 (7.0 to 10.7)
9.6 (7.8 to 11.3)
7.7 (5.5 10 9.8)

12.0 (9.0 to 14.9)

1.2 (-0.2t0 2.6)
1.4 (0.1 to 2.8)
0.8 (—0.6 t0 2.2)
Reference

1.0 (-0.6t02.7)
1.1 (-0.51t02.8)
1.1 (-0.7 t0 2.8)
Reference

—-3.1 (-6.61t00.4)
—2.4 (-5.910 1.0)
—4.3 (-7.9t0 —0.7)
Reference

0.2 (0.2 t0 0.7)

0.6 (—0.1t0 1.3)
0.9 (0.2 to 1.6)

0.2 (0.7 to 1.0)
—0.7 (1.9 0 0.4)

0.5 (0.0 to 1.0)

0.8 (~0.1 to 1.6)
1.3 (0.5 t0 2.2)

0.3 (~0.7 to 1.4)
~0.5 (—1.9 10 0.9)

3.7 (2.7 10 4.8)

3.5 (1.7 to 5.3)
3.6 (1.9 t0 5.3)
3.5 (1.4 to 5.6)
4.4 (1510 7.3)

1.3 (0.0t0 2.7)
1.6 (0.3 to 3.0)
0.9 (—0.5t02.4)
Reference

1.2 (—0.4 t0 2.9)
1.8 (0.1 to 3.4)
0.8 (—0.9 to 2.5)
Reference

—0.9 (—4.3 10 2.6)
—0.8 (—4.2 10 2.6)
—-0.8 (—4.4102.7)
Reference

Cl: 95% confidence interval; Q: quartile; CPR
Adjusted for age, gender, past medical history (diabetes mellitus, hypertension, heart disease and stroke), witnessed, location of arrest, community urbanization

: cardiopulmonary resuscitation.

level, the proportion of highly educated residents, the Carstairs deprivation index and interaction term.

received CPR training, bystanders of OHCA were more likely to
perform CPR and the OHCA patients were more likely to survive with
good neurological recovery. Furthermore, the county-level CPR
training was associated with higher likelihoods of continued improve-
ments of survival outcomes after OHCA over a 5-year period.
Therefore, our study emphasizes the importance of public training of
CPR to improve clinical outcomes for OHCA patients.

In counties in which more than half the residents have received
CPR training (the Q1 group: 49.6-61.9% for CPR training rates), the
adjusted good neurological recovery rate increased 2.2% (1.5-2.9)
over a 5-year period and the adjusted survival rate increased 1.2%
(0.3-2.1) from 2012 to 2016 (Table 3). The increases in neurological
outcome rates over the 5-year period were significantly higher in the
highest CPR training counties than in the lowest CPR training
counties (difference-in-differences: 2.1% (0.8-3.5)). Furthermore, in
the sensitivity analysis, the trends of rapid increases in the
neurological recovery rates in those counties were maintained
when calculating the differences for the 4-year period and the 3-year
period (Table 4). In previous studies, neighbourhood factors,
including socioeconomic factors and CPR training rates, were
associated with the provision of bystander CPR, the use of
bystander automated external defibrillator (AED) before EMS arrival
and survival outcomes for OHCA patients.®'""'>'® Health authori-
ties of the counties in the highest quartile of CPR training rates might

have had initiatives and priorities in enhancing CPR capacity,
including public CPR training programmes and chains of survival for
OHCA in the counties. These efforts may have more rapidly
increased the clinical outcomes for OHCA patients occurring in the
counties than in other counties, even after adjusting for individual
characteristics and neighbourhood socioeconomic status.

In this study, there was no significant difference-in-differences in
bystander CPR rates over 5 years between counties. This might have
been the result of a nationwide dispatcher-assisted bystander CPR
programme in Korea that was implemented in 2012."®'" The
bystander CPR rate during the study period was 50.4% and the
dispatcher-assisted bystander CPR rate was 38.2%. Along with the
increase in the bystander CPR rates for all counties, the dispatcher-
assisted CPR programme resulted in a lowering of the regional
variations in adjusted bystander CPR rates: from 30.0-38.7% in 2012
t064.0-66.9%in 2016 (Table 3). Even though the dispatcher-provided
CPRinstructions enables an untrained layperson to perform CPR, the
effect of the CPR instructions on survival outcomes for OHCAs might
be maximized when trained bystanders perform CPR with dispatcher
assistance by recalling CPR procedure and performing proper chest
compression.'®'® This might be one of the reasons why there were
significant differences in improvements of clinical outcomes between
counties with various CPR training rates but no significant difference-
in-differences in bystander CPR rates.
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There was evidence that public CPR training was associated with
improved bystander CPR rates and clinical outcomes for OHCAs.?°'
The present study found that the county-level CPR training was also
associated with continuous improvements of clinical outcomes after
OHCA. In Korea, through public campaigns and advocacy which were
led by national and academic initiatives, the county-level CPR training
rates (median 45.6%) have been rapidly increased and thus have
been shown relatively higher CPR training rates than US and other
countries.”?*> However, it is still lower than Norway (90%),2° and there
is an opportunity for further increasing the county-level CPR training
rate. Public CPR campaigns, public and targeted CPR training, and
continuous CPR education every 2years would improve layperson
skill retention and confidence to perform a basic life support sequence
for OHCA patients.?%-21:24:25

Limitations

This study had several limitations. First, we used self-reports of
survey participants selected by representative sampling methods to
measure county-level CPR training rates, defined as on-site group
training for 40 min or longer. We did not collect information regarding
the methods, duration or date of CPR training. The survey
questionnaire may be interpreted differently by the respondents,
even though trained interviewers gathered the survey information
via face-to-face interview, possibly resulting in bias. Second, this
study focused on a county-level factor that was associated with
study outcomes, but there may be composition effects for individual
CPR awareness and contextual-composition interaction effects.
Third, we treated the county-level CPR training rates as continuous
variables (addition to categorical variable) and calculated the ORs
for study outcomes per 10% increment in the CPR training rate,
because we believe that it is import for the public health policy
makers to assess intuitively how much the bystander CPR rates and
survival outcomes can be improved by increasing the CPR training
rate in a county by a certain number (i.e. 10%). While there is an
association between improved survival and a 10% increment in
county-level CPR training rates, the association does not increase
linearly across the quartiles (based on the ORs in Table 2).
Therefore, these results should be interpreted with caution. Lastly,
this study was an observational study. There may be potential
unmeasured biases that were not controlled.

Conclusions

County-level CPR training were associated with improved rates of
bystander cardiopulmonary resuscitation and survival outcomes for
out-of-hospital cardiac arrests with presumed cardiac etiologies.
Furthermore, county-level CPR training rates were associated with
continued improvements in survival outcomes over 5years in the
counties, independent of individual characteristics and neighbour-
hood socioeconomic status.
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