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Introduction: Annually, approximately 4% of the entire adult population of Denmark participate in certified basic life support (BLS)
courses. It is still unknown whether increases in BLS course participation in a geographical area increase bystander cardiopulmonary
resuscitation (CPR) or survival from out-of-hospital cardiac arrest (OHCA). The aim of the study was to examine the geographical
association between BLS course participation, bystander CPR, and 30-day survival from OHCA.

Methods: This nationwide register-based cohort study includes all OHCAs from the Danish Cardiac Arrest Register. Data concerning
BLS course participation were supplied by the major Danish BLS course providers. A total of 704,234 individuals with BLS course
certificates and 15,097 OHCA were included from the period 2016-2019. Associations were examined using logistic regression and
Bayesian conditional autoregressive analyses conducted at municipality level.

Results: A 5% increase in BLS course certificates at municipality level was significantly associated with an increased likelihood of
bystander CPR prior to ambulance arrival with an adjusted odds ratio (OR) of 1.34 (credible intervals: 1.02;1.76). The same trends
were observed for OHCAs in out-of-office hours (4pm-08am) with a significant OR of 1.43 (credible intervals: 1.09;1.89). Local
clusters with low rate of BLS course participation and bystander CPR were identified.

Conclusion: This study found a positive effect of mass education in BLS on bystander CPR rates. Even a 5% increase in BLS course
participation at municipal level significantly increased the likelihood of bystander CPR. The effect was even more profound in out-of-
office hours with an increase in bystander CPR rate at OHCA.

Keywords: basic life support, survival, geography, epidemiology, conditional autoregressive regression

Background

Cardiac arrest is a common cause of sudden death in Europe, with an annual incidence of out-of-hospital cardiac arrest
(OHCA) at 67170 per 100,000 inhabitants.' > OHCA is a condition with a poor prognosis, with survival to discharge
from hospital, in Europe around 8%.* There are approximately 5000 cases of OHCA in Denmark annually. There has
been a significant increase in survival after OHCA in Denmark in the last two decades. The 30-day survival rate after
a hospital discharge increased from around 4% in 2001 to 16% in 2018.%° This is partly due to a significant increase in

bystander cardiopulmonary resuscitation (CPR) prior to the arrival of emergency medical services (EMS) personnel.””
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Similar trends have been seen in other countries demonstrating a clear positive relation between bystander CPR prior to
arrival of EMS and survival.” !

From 2001, the bystander CPR rate increased from 20% to 77% in 2018>%'% in Denmark. This increase in bystander
CPR rate might be due to several central initiatives targeted at engaging more laypersons. CPR courses have been made
mandatory in all primary schools since January 2005 and when taking driver’s license since October 2006.%'? The annual
BLS course participation rate in Denmark is 3.6% of all adults. Since the implementation of mandatory BLS course
participation for acquiring driver’s license was fully implemented (in 2009) more than 44% of the entire Danish adult
population has attended BLS courses. Most BLS courses (>97%) are provided by one of the organizations of the Danish
First Aid Council.'® The providers aim to follow the ERC guidelines for recognizing the OHCA alerting EMS, providing
CPR, and using an AED (automatic external defibrillator).'*'3 It is a supported assumption that those educated in BLS
are more willing to act and to provide CPR in cases of OHCA.'®' Meta studies indicate an increase in survival
following the implementation of large-scale BLS education.'®?® A recent study from Denmark found a positive
association between BLS course participation rate and 30-day survival from OHCA rate per 100,000 inhabitants. In
addition, the effect of BLS course participation rate on 30-day survival was mediated by the bystander CPR rate.
However, BLS course participation rate is not evenly distributed geographically. Hence, it is expected that some
geographical areas benefit more and less from national efforts in mass education BLS.

A recent French study examined regional differences in BLS education and survival from OHCA. The study showed
a positive association between BLS education and survival, though there was substantial variation.' In recent years, there has
generally been a large improvement in geodata availability and increasing accessibility of geospatial modelling. Analysis of
geographical data has recently been utilized in similar fields to compare AED location and rurality’s effect in survival via the
Danish Cardiac Arrest register.”> >* Having long-term whole-population annual BLS training rates can contribute to fill-out
this knowledge gap by answering questions about geographical association at a national level. To explore the geographical
association between mass education in BLS and survival, geospatial regression analysis can be used.

The aim of this study was to analyze the association between BLS course participation and bystander CPR rate and
30-day survival at municipality level. Second, we aim to identify geographical clusters with low frequency of BLS

education and low level of bystander CPR.

Methods

This is a municipal level register-based cohort study comprising all OHCA in Denmark between January 1 2016 and
December 31 2019.

Setting

Denmark has a population of approximately 5.85 million.”® Health care is free of charge and is publicly funded by
taxation. The Danish administration and health-care system is managed by the central government, regional administra-
tions, and the municipalities. There are 98 municipalities with varying geographical size, population, and socio-economic
conditions and cover 42,933 km?. There are approximately 400.000 immigrants,?® these are included in municipal data

and are included in the current study.

Data

OHCA Data

The study population included all verified OHCA in the Danish Cardiac Arrest Register in the period between January 1
2016 and December 31 2019.?7 Characteristics of each OHCA included geolocation, bystander-initiated CPR, and
survival. OHCAs were assigned to the municipality where the event took place. OHCAs occurring at locations with
health-care staff present (ie nursing homes, handicap and dementia facilities, hospices, doctors’ offices, staffed elderly
homes, etc.) were identified by manual examination and excluded.
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BLS Education Data

All data concerning BLS education were derived from the Danish First Aid Council Digital database on course
certificates from early 2016 to early December 31 2019 and from the Danish Heart Foundation “Give Life” campaign.
All certificates include data on the time of issuing, personal identification number, and certificate type. Each individual
certificate holder was included with the first certificate, despite the potential for several certificates per person. The
number of individuals has been verified in a previous study.'® The current address of each certificate holder was identified
in the Danish Civil Registration System and linked with the relevant municipality at Statistics Denmark. Data regarding
BLS certificates were assigned to the municipality were the persons have their residence. Participation rates per
municipality were based on 2019 population size.

Municipality Level Data

Municipal data on population mean disposable income, educational level, age, and several additional variables were
publicly available in Denmark through Statistics Denmark.”® The analysis in this study requires all geographical units
(the municipalities) to have a clearly specified connecting unit ie a neighboring unit with borders. However, Denmark
consists of a number of islands and some of these islands are not naturally connected with borders. Hence, the
mathematical connections among municipalities [whether they were considered neighbors] was manually corrected so
islands were connected to closest land-based municipality.

Statistical Analysis and Models

Exposure, Outcomes, and Confounders

The exposure variable was the proportion of the municipal population attending BLS courses (proportion 0—1). There are
two models with two different outcome measures. In model 1 the outcome measure is the proportion of OHCAs with 30-
day survival. In model 2 the outcome measure is the proportion of OHCAs with bystander CPR. Exposure and outcomes
were aggregated annually at municipality level. The models were based on the most relevant meta-analysis.”’ Directed
acyclic graphs (DAGs) were used to illustrate the relationship between the included variables (Supplementary Materials).

Model 1 was adjusted for mean age in the municipality, mean disposable income per person in the municipality, mean
municipal Charlson Comorbidity Index (CCI) (0-24) and initial rhythm at OHCA [shockable or non-shockable] (see
Supplementary Materials). Model 2 was adjusted for mean age in the municipality, mean disposable income per person in

the municipality and mean response time for EMS arrival at OHCA (minutes) (see Supplementary Materials). The

difference in models is based on the difference in outcome measure, ie initial thythm measured by EMS is less relevant
in model 2 as bystanders CPR will have been initiated prior to EMS measuring cardiac rthythms with an electrocardiogram.

Non-Spatial Regression

Initially, a descriptive analysis was performed of the distribution of incidence proportions for key indicators of exposure
and outcome measures such as overall OHCA, bystander CPR prior to arrival of EMS, 30-day survival from OHCA and
BLS course participation rate. Municipal level non-spatial association between BLS course participation rate and the two
outcomes was analyzed in a logistic regression model. Results are presented as odds ratios (OR) and 95% confidence
intervals (95% CI) for an increase in the outcome, following a 5% municipal increase in the proportion of the population
with a course certificate. Subgroup analysis was conducted stratified by the location of OHCA in public locations and on
all OHCAs in out-of-office hours (4.00pm-08.00am). Quantitative confounding variables were inspected for linearity in
the models (parameter estimates of a categorized version of each variable should indicate linearity). If the assumption
about linearity was not fulfilled, the variable was transformed to a categorical variable. Models were inspected for
dispersion, and the dispersion parameters are displayed. Over dispersion was considered, when the residual deviance
divided by the degrees of freedom was above 1.5. If models were under or over dispersed, the model was adjusted by
applying quasi binomial distribution presumptions to the modeling. Logistic regression was conducted using the package
GLM with a logit link in R.
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Geo-Spatial lllustrations and Cluster Analysis

Geo-spatial cluster analysis and illustrations were guided by a similar analysis conducted in a different study.>® The
Global and the Local Moran’s Index was used to identify and illustrate spatial clustering.’' Neighboring spatial units
(municipalities) can correlate leaving data to present in clusters or areas with similar values, complicating the possibility
for meaningful analysis of association. The global Moran’s I was used to test whether variables in geospatial neighboring
units were correlated. The values can vary between +1 and —1 indicating the strength of the autocorrelation with a value
of 0 indicating no correlation. Positive values indicate a positive correlation between neighboring unit higher than
expected by chance.>’ The local Moran’s I show the individual geographical clusters and was used to visualize clusters
by making a local indicator of spatial association (LISA) map.*' The LISA map indicates “hot spots” (red) and “cold
spots” (blue) of local geographical correlation in incidence proportions. Using Moran’s I requires making a choice about
neighborhood topology, that is how “far” units (municipalities) should be to be considered “neighboring.” This is labelled
spatial weights matrix (wij).>' Like other studies, the row-standardized spatial weights matrix (wij) was calculated with
a distance band of 200 km.***' A two-sided p-value <0.05 was considered statistically significant. A package of spatial
analytical tool in R statistical software calculates both global and local Moran’s I and corresponding Z-values.*”

Geo-Spatial Regression

Spatial data were included from the period between January 1 2016 and December 31 2019. Neighboring spatial units
tend to have similar values that often violate the assumption of independence common in many regression models.
Standard logistic regression needed to be supplemented with analysis that overcomes this. A Bayesian spatial conditional
autoregressive (CAR) analysis was conducted to evaluate the significance of the spatial autocorrelation between
neighboring municipalities.*> The CAR analysis uses the presumed associations as other models while adjusting for
spatial similarities. Bayesian modelling creates estimates for each individual variable by using information from other

variables in the model. >

Like similar analysis of Danish municipalities, the CAR model suggested by Leroux was
used.’® The weights matrix used in the Morans Index analysis was used in the CAR model as well. CAR analyses were
conducted with the CARBayes package in R.** Results are presented as odds ratios (OR) and 95% confidence intervals
(95% CI) for an increase in the outcome following a 5% municipal increase in the proportion of the population with
a course certificate. Subgroup analysis was conducted stratified by the location of OHCA in public locations and on all

OHCAs in out-of-office hours (4.00pm-08.00am).

Data Storage and Ethics

In Denmark, no ethical approval is required for the analysis of aggregated data from official registers as in the current
study. The study is approved by the data responsible institute, the regional data protection agency (Approval number:
P-2020-259) in accordance with the General Data Protection Regulation (GDPR).

Results

In the period between January 1 2016 and December 31 2019 704,234 individuals with BLS course certificates and
15,097 OHCA were included (Table 1). Figure 1 shows a modified CONSORT diagram presenting inclusion and
exclusions of EMS witnessed OHCAs, health care staffed cases, and duplicates. The subgroup population on out-of-
office hours included 7449 OHCAs with 7648 exclusions and the subgroup population on in OHCA’s public places
included 3375 OHCA with 11,722 excluded cases (Figure 1).

Municipal Incidence Proportions

Figure 2 shows incidence proportions between 2016 and 2019 of; OHCA per 100,000 inhabitants; 30-day survival
from OHCA; BLS course participation rate and rates of bystander CPR at OHCA at municipal level. An uneven
distribution of OHCA per 100,000 inhabitants is seen with areas of relatively higher rates of OHCA in rural areas
of Denmark (Figure 2a). The distribution of 30-day survival rates differs greatly from 0% to approximately 40%,
with a tendency to higher rates in densely populated municipalities (Figure 2b). The distribution of BLS course
participation rates was seemingly even distributed with some local clusters, notably with lower rates in the greater
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Table | Summary Statistics of Out-of-Hospital Cardiac Arrest and Basic Life Support Course Participation in Denmark,
from 2016 to 2019

Out-of-Hospital Cardiac Arrest BLS Course Certificates
Total 30-Day Survival Survival Per Bystander CPR Number of Verified
Number [#] Rate [%] 100,000 Inhabitants Rate [%] Individuals

2016 4547 13.5 10.2 782 197,127

2017 4811 12.8 10.2 78.0 203,261

2018 4723 1.7 9.2 78.8 159,971

2019 4468 14.4 10.6 80.0 144,281

Notes: All OHCAs not witnessed by the EMS personnel were included. OHCAs located at nursing homes and other healthcare staffed institutions were
included in the current data.
Abbreviations: CPR, cardiopulmonary resuscitation; BLS, basic life support; OHCA, out-of-hospital cardiac arrest.

Copenhagen area (capital) and Aarhus, the second-largest city of Denmark (Figure 2c). Bystander CPR rates were
generally high in Denmark, ranging from 57.9% to 91.7% with a tendency for higher rates in the western part of
the country (Figure 2d).

Spatial Clustering and Over Dispersion

Table 2 shows global Moran’s Index summary statistics. The Global Moran’s I analysis on all four incidence proportions
showed that data were not geographically randomly distributed. This suggests tendencies to geographical clusters
(Table 2). Figure 3 presents local Moran’s maps and shows areas significantly different from random distribution.
Both significant “hot” and “cold” spots were identified in all analyses. The map of OHCA per 100,000 inhabitants shows
a major hot spot of high frequency of OHCA in the south-eastern municipalities of Denmark (Figure 3a). The distribution
of 30-day survival illustrated on LISA map shows two minor unrelated hot spots (Figure 3b). The map of BLS course
participation rates shows several local clusters with significant hot and cold spots (Figure 3c). The LISA map for
bystander CPR rates shows one large connected hot spot in the western part and one cold spot in the eastern part of
Denmark (Figure 3d).

Non-Spatial Regression Analysis
Table 3 presents results of the non-spatial and spatial regression models.

Crude analysis shows tendencies towards positive association between bystander CPR and an increase in course
proportion on a municipal level. The association between 30-day survival and an increase in course proportion showed
no clear tendencies. CAR analysis generally showed stronger association between exposure and outcome and hence
limited spatial over-dispersion in the associations.

Spatial Regression Analysis

The CAR analysis showed that a 5% increase in municipal BLS course participation rate was significantly associated
with an increased rate of bystander CPR prior to arrival of ambulance. The adjusted OR of bystander CPR rate was 1.34
(credible intervals: 1.02;1.76, p: 0.052, 12: 0.063) when BLS course participation rate increased by 5%. The same results
were observed on OHCAs in out-of-office hours with a significant OR of 1.43 (credible intervals: 1.09;1.89). Similar
non-significant trend was seen in OHCA in public locations. There was no significant association with 30-day survival
rates and BLS course participation rates in CAR regression (Table 3).

Discussion
This paper shows that even a 5% increase in BLS course participation rate on municipal level significantly increases the
likelihood of bystander CPR rates with a factor 1.34. The municipal effect was even more profound in the out-of-office
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OUT OF HOSPITAL CARDIAC ARREST
(OHCA)

Danish Cardiac Arrest Registry 2016-2019
[n=21,124]

ﬂcluded [n =6,025] \

Duplicates
[n=94]

Witnessed by Emergency Medical
Services personnel
[n=2,166]

Not able to identify GPS coordinates
[n=95]

Health care staffed institution
(Nursing homes etc.)

[n=3,672] /
Number of included OHCA
[n=15,097]
Subgroup Subgroup
Time of day Location of OHCA
4 4
Excluded [n = 7,648] Excluded [n =11,722]
Working hours* Private homes
[n=7,648] [n=11,722]
\.
~ —
Out of office hours* Public location
[n=7,449] [n=3,375]
J

Figure | Modified Consort Flow Diagram.
Notes: *Daytime — working hours is defined as 08.00-16.00. Night-time — out of offices hours is defined as 16.00-08.00. CONSORT figure adapted from Falci

SGM, Marques LS. CONSORT: when and how to use it. Dental Press J. Orthod. 2015;20(3):13-15. Copyright: © 2015 Falci and Marques. Creative Commons

Attribution License.>®

hours, with a rise in bystander CPR rates of a factor 1.43. Spatial analysis shows that several municipalities together
formed clusters with significantly higher or lower BLS course participation rates.

The possibilities for direct comparison of result is limited by the lack of similar literature. No prior studies have
conducted similar full population and whole country investigations examining all OHCAs in the period with spatial
corrections. Several studies have found similar results indicating a positive relationship between BLS course participation
rate and survival.’>*' However, the results are not completely compatible.

A study by Karam et al adjusted for many of the same variables as the current paper. Our current paper also incorporates
socio-demographic confounders to survival, spatial dispersion, and adjusted full population as well as all types of OHCA. The
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a. OHCA per 100.000 inhabitants

151 -
257 -
302 -
391 -
8.8 -12.0
12.1-13.0
13.1-13.7
13.8 - 15.1

b. 30-day survival from OHCA [%]

d. Bystander CPR rate [%]

0.0 - 9.4
9.5 -13.7
13.8 - 153
15.4 - 40.0

579 -729
72.3 - 78.0
78.1 - 83.9
84.0 - 91.7

Figure 2 Incidence proportion of number OHCAs per 100,000 inhabitants, 30-day survival BLS course participation rates and bystander rates at OHCA in Denmark at

municipal level from January | 2016 to December 31 2019.

Notes: Incidence proportion (%) between 2016 and 2019 of (a). Out-of-hospital cardiac arrest per 100,000 inhabitants; (b). 30-day survival from out-of-hospital cardiac
arrest; (c). Basic life support course participation rate; (d). Rates of bystander cardio pulmonary resuscitation at out-of-hospital cardiac arrest at municipal level, in Denmark

from January | 2016 to December 31 2019.

Abbreviations: CPR, cardiopulmonary resuscitation; BLS, basic life support; OHCA, out-of-hospital cardiac arrests.

inclusion of socio-demographic variables can seemingly limit some of the residual confounding in geographical analysis.

Figure 2 in this study does not visualize the association in an intuitive equal colored prevalences. Nevertheless, there was

a clear tendency in both studies showing that mass education in BLS was correlated with positive outcome for OHCA.

Table 2 Global Moran’s | Summary Statistics

Model Variable 1 E() SD (I) z p value
Number of OHCA 0.344 —0.0103 4.555 0.00606 0.000
30-day survival rate 0.090 —0.0103 1.3345 0.00567 0.091
BLS course participation rate 0.590 —0.0103 7.634 0.00619 0.000
Bystander CPR rate 0.297 —0.0103 3.893 0.00621 0.000

Abbreviations: BLS, basic life support; CPR, cardiopulmonary Resuscitation; OHCA, out-of-hospital cardiac arrest.
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a. OHCA per 100.000 inhabitants b. 30-day survival from OHCA
B High-High B High-High
B Lowlow B low-low
[C] High-Low [C] High-Low
[  Low-High [ Low-High
] Not Signif. ] Not Signif.
N &
B  High-High B High-High
B Lowlow B Lowlow
[C]  High-Low [C]  High-Low
[ Low-High [  Low-High
] Not Signif. ]  Not Signif.

Figure 3 Map of significant geographical clusters of (a) number OHCA per 100,000 inhabitants; (b) 30-day survival; (c) BLS course participation rates and (d) bystander
CPR rates at OHCA at municipal level from 2016 to 2019.

Notes: High-High [red]: Indicates a significant geographical cluster within the municipality with high value in the municipality and high value in a municipality next to it
(neighboring), not to be expected by chance. Low-Low [blue]: Indicates a significant geographical cluster within the municipality with low value in the municipality and low
value in a municipality next to it (neighboring), not to be expected by chance. Low-High [light red]: Indicates a significant geographical cluster within the municipality with
low value in the municipality and high value in a municipality next to it (neighboring), not to be expected by chance. Low-High [light blue]: Indicates a significant geographical
cluster within the municipality with high value in the municipality and high value in a municipality next to it (neighboring), not to be expected by chance.
Abbreviations: CPR, cardiopulmonary resuscitation; BLS, basic life support; OHCA, out-of-hospital cardiac arrest.

The analysis in the current paper expands the understanding of the impact of BLS mass education by showing that the
effect of BLS mass education can be seen even on the relatively small spatial unit of Danish municipalities. This supports
the assumption that bystanders trained in BLS were more willing to act and perform CPR.'®'? In terms of the chain of
survival, this is the first link labeled early recognition.*® The importance of earlier recognition as a result of BLS

3749 and several key publications suggest

education and training has been stressed by many in the resuscitation society
this to impact survival.*'*? This might explain some of the remaining residual variance in the models.

It has been shown in several settings that social disparities impact survival from OHCA with a clear tendency for low-
income areas to have lower bystander CPR rates, lower usage of AED, and hence lower survival rates.>*** Further, it

was shown that rurality does not decrease the chance of survival from OHCA with a shockable rhythm in Denmark.**
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Table 3 Odds Ratios and Summary Statistics from Non-Spatial and Spatial Analysis

Variables

Non-Spatial

Spatial

Not Adjusted for Over Dispersion

Adjusted for Over Dispersion

OR Crude | CI 95% p value | ORY Adjusted | Cl 95% p value | Dispersion parameter | ClI 95% p value | OR | CP##* p T2
BLS course proportion
OHCA in all hours
Bystander CPR$ | 1.37 1.20;1.57 | <0.001* 1.33 1.13;1.56 | 0.001 2.53%* 1.03;1.72 | 0.034* 1.34 | 1.02;1.76 | 0.052 0.063
30-day survival 0.71 0.60;0.84 | <0.001* | 0.98 0.80;1.22 | 0.879 0.99 - - 0.99 | 0.79;1.24 | 0.369 0.005
BLS course proportion
OHCA in out-of-office hours
Bystander CPR$ | 1.47 1.22;1.76 | <0.001* 1.48 1.18;1.87 | 0.001* |.56+* 1.12;1.96 | 0.007* 1.43 | 1.09;1.89 | 0.2692 | 0.0229
30-day survival 0.65 0.51;0.82 | 0.006* 0.95 0.70;1.30 | 0.74 0.93 - - 0.97 | 0.70;1.33 | 0.391 0.006
BLS course proportion
OHCA in public locations
Bystander CPR$ | 1.06 0.76;1.47 | 0.726 1.13 0.73;1.75 | 0.580 1.21 - - I.14 | 0.71;1.78 | 0.380 0.009
30-day survival 0.57 0.43;0.74 | <0.001* | 0.85 0.60;1.20 | 0.358 I.16 - - 1.0l | 0.72;1.44 | 0391 0.006

Notes: Y Models with bystander CPR as outcome is adjusted for [municipal] disposable income per person in quartiles, mean [municipal] age and response time [minutes]. Models with 30-day survival as outcome is adjusted for mean
[municipal] disposable income per, mean [municipal] age, mean [municipal] Charlson Comorbidity Index and for Initial rhythm, mean [municipal]. For the subgroup analysis on OHCAs in public locations, the mean response time variable
and the variable containing data concerning municipal levels of comorbidity (mean Charlson comorbidity index) was treated as a categorical variable ranging from |—4. $ Prior to arrival of EMS personnel. *Significant within a 95%
confidence interval. **Residual deviance divided with degrees of freedom is above 1.5 considered as over dispersion. ***Credible intervals.
Abbreviations: BLS, basic life support; CPR, cardiopulmonary Resuscitation; OHCA, out-of-hospital cardiac arrest.
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Similar to the disparities in the factors associated with survival from OHCA, many social disparities have been shown in
the distribution of BLS education. It is known that people who have lower education and income levels, living in rural
areas, and older age generally have lower BLS course participation rates.*” * However, further research needs to be
conducted to conclude on association between the models in this study and population density. The authors hypothesize
that one contributing factor to a lower impact of social factors in the Danish setting might be the broad distribution of
BLS education in all parts of society.'® This is in part due to mandated course participation when acquiring driver’s
license."?

The choice of spatial unit, the Danish municipalities, was a result of two factors. First, most analyses considering
modeling with known confounders require a minimum amount of data from all variables in all units. Choosing smaller
available administrative units was not possible as this would render too many units empty and hence disable analysis.
Second, the clinical implications of different results from smaller or larger units would potentially be severely limited.
Conclusions based on geographical units smaller than municipalities were not much used as the units get too small.
Further, choosing larger units renders the conclusion so broad that spatial differentiation is increasingly meaningless.

Limitation
Denmark is a relatively small country with 5,8 million inhabitants. The population is relatively homogeneous in terms of
educational status, social status, and habitation. This limits the direct comparative value of the results.

This paper has several limitations. First, this paper does not address the fact that the quality of BLS is known to
decrease rapidly after course participation.*®>%>! Hence, during the period of 4 years for municipal analysis it is to be
expected that many participants will have loss of BLS skills. Second, we cannot be sure that BLS courses have been
attained prior to the relevant OHCA. Therefore, the conclusions in the current paper describe the tendencies of mass
education in BLS in municipalities. Third, this paper has not included analysis of individuals changing residence. The
residency of all individuals is based on 2019 residency. The results cannot be interpreted at an individual level
(ecological fallacy). Fourth, this paper measures education in BLS only through certified courses. Thus, other means
of achieving skills within BLS are not included.

Conclusion

This study found a positive effect of mass education in BLS on bystander CPR rates. Even a 5% an increase in BLS
course participation rate at municipal level significantly increased the likelihood of bystander CPR rates with
a factor 1.34 at municipal level. The effect was even more profound in out-of-office hours with a rise in bystander
CPR rates at OHCA. The results should be considered when designing and evaluating campaign to increase survival
from OHCA. When designing strategies for improving survival, mass education in BLS should be considered, even
at a municipal level.

Abbreviations

AED, automatic external defibrillator; CAR, conditional autoregressive; CPR, cardiopulmonary resuscitation; BLS, basic
life support; OHCA, out-of-hospital cardiac arrest; OR, odds ratio; GLM, generalized linear model; LISA, local
indicators of spatial association.
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