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Abstract

Introduction: Early bystander CPR and defibrillation improve cardiac arrest survival. International studies show women receive fewer bystander
interventions after out-of-hospital cardiac arrest (OHCA) than men. We investigated associations between sex and bystander interventions in OHCA
in Aotearoa New Zealand.

Methods: Retrospective cohort study of adult OHCA with attempted resuscitation (January 2019-December 2023). Variables included demograph-
ics, ethnicity, socioeconomic deprivation, rurality, location type, and witness status. Logistic regression assessed associations between sex and
bystander CPR and bystander defibrillation (shock delivered), adjusting for covariates.

Results: Of 9377 OHCA events, 29.6% occurred in females. Bystander CPR rates were similar between females (75.7%) and males (77.3%) (AOR
1.06, 95% Cl: 0.94-1.18, p = 0.36). However, bystander defibrillation occurred in only 1.9% of females versus 5.4% of males. Females had 65%
lower odds of receiving bystander defibrillation in unadjusted analysis (UOR 0.35, 95% CI: 0.26-0.47, p < 0.001) and 39% lower odds after adjust-
ment (AOR 0.61, 95% CI: 0.44-0.84, p = 0.002). Among shockable rhythm cases, sex disparity was not significant (AOR 0.83, 95% CI: 0.59-1.15,
p = 0.26).

Conclusion: Despite equitable bystander CPR rates, females had significantly lower odds of receiving bystander defibrillation. In shockable rhythm
cases, the disparity was not significant after adjustment for covariates, suggesting that patient and event characteristics mediate rather than con-
found this relationship. Findings highlight the need for targeted interventions addressing strategies to improve bystander defibrillation for females
in cardiac arrest.
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It is well established that early bystander CPR and defibrillation
with an automated external defibrillator (AED) improve the odds of
surviving a cardiac arrest.>® The rates of bystander interventions
vary internationally but are increasing.*® There exists a significant
sex disparity in bystander defibrillation, with women often receiving

Introduction

Out-of-hospital cardiac arrest (OHCA) is a time-critical medical
emergency where survival is closely tied to immediate interven-

tion. Survival following OHCA is contingent on the ‘chain of sur- fewer public interventions after OHCA compared to men.”"" While
vival, particularly its three early links: recognition of cardiac evidence is equivocal when it comes to CPR initiation, a recent
arrest and alerting emergency medical services (EMS), high- meta-analysis of almost 500,000 OHCA demonstrated that women
quality car1diopu|monary resuscitation  (CPR), and  rapid had 21% lower odds of receiving bystander AED application during
defibrillation.

a cardiac arrest compared to men.° In addition, women experiencing
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a public OHCA in racially diverse neighbourhoods were significantly
less likely to receive bystander defibrillation, i.e. 12% less likely in
Black neighbourhoods and 26% less likely in predominantly Hispanic
areas.'? These findings highlight layered inequities in emergency
responses faced by women experiencing OHCA from racial and eth-
nic minority groups.

These healthcare equity challenges also exist in Aotearoa New
Zealand (AoNZ), disproportionately affecting Maori (the indigenous
people of AoNZ) and Pacific peoples.'®'* Higher rates of OHCA
are reported for Maori and Pacific peoples compared to those of
European or other ethnicities (144 and 114 versus 94 per 100,000
incidents per year, respectively), with lower odds of survival in both
Maori and Pacific peoples (39% and 48%).'® Research examining
sex-based disparities in bystander interventions within the unique
demographic and geographic context of Aotearoa New Zealand
remains limited.

This study aimed to investigate whether patient sex is associated
with receipt of bystander CPR and bystander defibrillation in
out-of-hospital cardiac arrest in AoNZ, using five years of national
prehospital OHCA registry data from a setting with universal health-
care coverage and distinct demographic characteristics.

Methods

Study design

We undertook a retrospective cohort study investigating the associ-
ation between bystander CPR or defibrillation and patient sex (male
or female) in out-of-hospital cardiac arrest. A bystander is defined as
a person who is on scene or alerted but not dispatched as part of an
organised emergency response system, and includes alerted volun-
teer responders (GoodSAM responders,'® off-duty medical person-
nel, and Police."” Bystander CPR is defined according to Utstein
criteria.” In this study, bystander defibrillation is defined as a
shock(s) delivered by a public access or privately owned defibrillator
by a bystander (as defined above). This definition of bystander defib-
rillation is distinct from the Utstein variable of ‘Bystander AED use’,"”
defined as an AED applied by a bystander, regardless of whether a
shock was delivered. Bystander AED use is not currently recorded in
the AoNZ OHCA Registry.

Setting

AoNZ has a population of approximately 5.1 million. Nationally, two
road-based EMS providers (Hato Hone St John (HHStJ) and
Wellington Free Ambulance (WFA)) provide emergency ambulance
care. HHStJ provides EMS to 90% of the AoNZ population, with
the remainder serviced by WFA. Regional helicopter-based emer-
gency medical services are not included in this study.

In AoNZ, Fire and Emergency New Zealand (FENZ) are dis-
patched to OHCA events alongside EMS as first responders
equipped to deliver CPR and defibrillation with an automatic external
defibrillator. On-duty responders dispatched as part of an organised
emergency response system, including FENZ, were not included as
bystanders in this study.

Inclusion and exclusion criteria

ANZPaCC captures all clinical information from incidents
attended by road-based EMS in AoNZ and is linked to Manatu
Hauora (Ministry of Health) data using a patient-specific National
Health Index (NHI).'81°

All ANZPaCC incidents between 1 January 2019 and 31 Decem-
ber 2023 were included. All adult (>15 years old, as defined by AoNZ
health service classifications) OHCA patients who received
attempted resuscitation by EMS or defibrillation prior to ambulance
arrival were included. Arrests with a non-cardiac aetiology and those
witnessed by EMS personnel were excluded, as were those where
the patient’'s sex was unknown (Fig. 1).

Variables

The data variables for ANZPaCC are described in the ambulance
care standard and the Manatu Hauora data dictionaries.’® '
ANZPaCC data is derived from structured electronic patient report
forms with mandatory field completion for all OHCA cases. Core
Utstein variables, including witnessed status, bystander CPR, and
bystander defibrillation, must be completed before case closure,
ensuring complete data capture for these variables. Witnessed sta-
tus is categorised as 'bystander witnessed’, ’EMS witnessed’, or 'un-
witnessed’ based on paramedic scene assessment and bystander
interviews; cases where witnessed status could not be definitively
determined are coded as ’unwitnessed’. Bystander interventions
(CPR and defibrillation) are documented based on bystander reports
and scene findings.

Ethnicity data were obtained through linkage of ANZPaCC
records to Manatu Hauora (Ministry of Health) national health data
via each patient’s unique NHI number. Ethnicity is self-identified by
individuals during routine healthcare encounters and recorded in
national health records. Prioritised ethnicity was assigned for each
case following the Aotearoa New Zealand Ethnicity Data Protocols
(HISO 10001:2017), which uses a hierarchy (Maori > Pacific
Peoples > Asian > Middle Eastern/Latin American/African > Other > E
uropean) to ensure visibility of Maori and Pacific peoples in health
data when individuals identify with multiple ethnic groups.?® The
NHI linkage rate for OHCA cases in ANZPaCC s
consistently > 95%, ensuring high-quality ethnicity data capture.
Cases without ethnicity data (n = 473, 5.0%) represent instances
where NHI linkage was unsuccessful or ethnicity was not recorded
in national health records. The ‘European and Other’ category con-
tains cases from all ethnicity groups except Maori, Pacific peoples,
or Residual (unknown/unstated).

Rurality based on the incident location was grouped using the
Geographical Classification for Health which reflects access to
healthcare, whereby U1 and U2 were grouped as ‘Urban’ and R1-
R3 as ‘Rural’.*’

Socioeconomic deprivation was measured using the New Zeal-
and Index of Deprivation 2018 (NZDep2018) linked to each patient’s
residential address, with decile scores grouped into quintiles where
Quintile 1 represents the least deprived areas and Quintile 5 the
most deprived areas.?” Socioeconomic deprivation was measured
using the New Zealand Deprivation Index 2018 (NZDep2018) based
on case home address rather than event location. This approach was
chosen because home address deprivation reflects chronic socioe-
conomic circumstances that influence overall health status and car-
diac arrest risk. The deprivation quintile (NZDep2018) was
included in multivariable models as a categorical variable, with the
least deprived quintile (Q1) as the reference category. Location type
was further grouped as Home, Public (including road and footpath),
and Other (including Aged Care and Healthcare Facilities). Minutes
to First Arrival was the time from the emergency call pick-up to the
arrival of the first dispatched EMS or FENZ vehicle on scene. First
arresting rhythm was categorised as shockable or non-shockable
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OHCA Incidents

n=29.795

1 Jan 2019 — 31 Dec 2023

Children (<15 years old)

n=670 (2.2%)

Adult (=15 years)
n=29.125 (97.8%)

EMS Witnessed
n=3,230 (11.1%)

1=25.895 (88.9%)

Not witnessed by EMS

Resuscitation not attempted

n=14378 (55.7%)

n=11,517 (44.3%)

Resuscitation attempted or
defibrillation prior to EMS

Trauma, hanging, drowning,

SUDI, Poisoning
n=2,119 (18.3%)

1=9,398 (81.7%)

Presumed cardiac aetiol ogy

Unknown Sex

n=21 (0%)

Males and Females
1=9,377 (100%)

Males
n=6,601 (70.4%)

1=2,776 (29.6%)

Females

Fig. 1 - Cohort flowchart of out-of-hospital cardiac arrest (OHCA) cases in males and females meeting the inclusion

criteria.

EMS — Emergency Medical Services, SUDI — sudden unexpected death in infancy.

based on the first assessment of a cardiac rhythm by a defibrillator or
cardiac monitor.

Statistical analysis

Patient and incident characteristics were compared between male
and female patients using the chi-square test for categorical vari-
ables and the Mann-Whitney U test for continuous variables. For cat-
egorical variables with significant chi-square results, z-tests for
column proportions were used post-hoc to identify specific cate-
gories that differed significantly between males and females.
Extreme values were excluded from the analysis (age >105 years,
minutes to arrival >100 min). A pairwise deletion approach was
used. Multivariable binary logistic regression models examined asso-
ciations between patient and event characteristics and bystander
interventions. Firth’s penalised likelihood logistic regression was
used for adjusted bystander CPR and defibrillation analyses to
address potential bias from rare events and separation issues. This

approach provides less biased estimates when outcome prevalence
is low. Sex was the dependent variable, with models adjusted for
age, ethnicity, witnessed status, event location type, rurality, and
socioeconomic deprivation via forced entry. These factors were
included in the adjusted model based on existing evidence for rela-
tionships with bystander interventions. An additional analysis
restricted to cases with a first arresting shockable rhythm was under-
taken using the same statistical approach.

The variables included in our adjusted models (age, ethnicity, wit-
nessed status, event location type, rurality, and socioeconomic
deprivation) were selected based on existing literature demonstrating
associations with bystander interventions. We acknowledge that sev-
eral of these variables, particularly event location and witness status,
likely function as mediators rather than confounders in the relation-
ship between sex and bystander defibrillation. The adjusted analyses
describe changes in effect estimates after accounting for these
potential mediating pathways rather than isolating a causal effect
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of sex. The unadjusted odds ratios represent the total real-world dis-
parity, while adjusted odds ratios reflect residual direct effects after
accounting for mediating variables.

Results are presented as unadjusted and adjusted odds ratios
(ORs) with 95% confidence intervals (Cls). Analyses were conducted
using SPSS version 30.0 and SAS 9.4 (Firth penalised logistic
regression), and a p-value of <0.05 was considered statistically
significant.

Results

During this five-year period, 9377 OHCA events met the inclusion cri-
teria (adult, not EMS-witnessed, resus attempted, presumed cardiac
cause) (Fig. 1). Overall, 29.6% (n = 2776) of included OHCA events
occurred in females, whilst 70.4% (n = 6601) occurred in males

Descriptive analysis of OHCA cases stratified by sex
Compared to males, females suffering OHCA were slightly older, a
higher proportion identified as ethnic minority groups, and more
resided in areas of high deprivation (p < 0.001; Table 1). A lower pro-
portion of females arrested in public locations, had an OHCA wit-
nessed by a bystander, and presented with a shockable rhythm
(p < 0.001; Table 1). A descriptive table of the OHCA cases with a
shockable first arresting rhythm is presented in Supplementary
Table 1.

Sex differences in bystander CPR

Bystander CPR rates were similar between females (75.7%,
n=2102) and males (77.3%, n=5104; p = 0.093) (Table 1). Patient
sex was not significantly associated with receipt of bystander CPR in
unadjusted analysis of first arresting rhythm cases (OR 0.92, 95%
Cl: 0.83-1.02, p = 0.097), and this remained non-significant after
adjusting for age, ethnicity, rurality, deprivation, witness status, and

(Table 1).

Table 1 - Descriptive statistics of all presumed cardiac OHCA events (excluding EMS-witnessed and resuscita-
tion not attempted cases).

Total Female Male P-value
OHCA Events 9377 2776 (29.6%) 6601 (70.4%)
Age Median [IQR] 67 [56-77] 69 [56-79] 67 [56-77] < 0.001
Ethnicity European and Other 6022 (67.6%) 1657 (62.6%) 4365 (69.8%) < 0.001
Maori 2017 (22.7%) 692 (26.1%) 1325 (21.2%)
Pacific Peoples 865 (9.7%) 300 (11.3%) 565 (9.0%)
Missing 473 (5.0%)
Rurality Urban 7084 (76.5%) 2107 (76.7%) 4977 (76.5%) 0.837
Rural 2172 (23.5%) 641 (23.3%) 1531 (23.5%)
Missing 121 (1.3%)
Deprivation (Patient Q1 (least deprived) 1246 (13.7%) 301 (11.1%) 945 (14.8%) < 0.001
address)
Q2 1408 (15.5%) 370 (13.6%) 1038 (16.2%)
Q3 1621 (17.8%) 456 (16.8%) 1165 (18.2%)
Q4 1913 (21.0%) 586 (21.6%) 1327 (20.8%)
Q5 (most deprived) 2923 (32.1%) 1003 (36.9%) 1920 (30.0%)
Missing 266 (2.8%)
Location type Home 6828 (74.5%) 2244 (82.5%) 4584 (71.2%) < 0.001
Public 1926 (21.0%) 299 (11.0%) 1627 (25.3%)
Other (Including Aged Care 406 (4.4%) 176 (6.5%) 230 (3.6%)
and Healthcare Facilities)
Missing 217 (2.3%)
Minutes to first 8.6 [6.6—11.6] 8.4 [6.6-11.4] 8.6 [6.7-11.7] 0.036
arrival median [IQR]
Missing 91 (1.0%)
First arresting Non-shockable 5126 (54.7%) 1870 (67.4%) 3256 (49.3%) < 0.001
rhythm
Shockable 4096 (43.7%) 844 (30.4%) 3252 (49.3%)
Unknown 155 (1.7%) 62 (2.2%) 93 (1.4%)
Bystander No 3816 (40.7%) 1245 (44.8%) 2571 (38.9%) < 0.001
witnessed
Yes 5561 (59.3%) 1531 (55.2%) 4030 (61.1%)
Bystander CPR No 2171 (23.1%) 674 (24.3%) 1497 (22.7%) 0.093
Yes 7206 (76.9%) 2102 (75.7%) 5104 (77.3%)
Bystander No 8969 (95.6%) 2722 (98.1%) 6247 (94.6%) < 0.001
defibrillation
Yes 408 (4.4%) 54 (1.9%) 354 (5.4%)

P-values from chi-square tests for categorical variables and Mann-Whitney U test for continuous variables with a significance threshold of p < 0.05. OHCA — out-of-
hospital cardiac arrest; IQR — interquartile range; Q1-Q5 — Quintile 1 (least deprived) to Quintile 5 (most deprived); CPR — cardiopulmonary resuscitation.
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event location type (AOR 1.06, 95% CI: 0.94-1.18, p = 0.36) (Fig. 2).
Similarly, in the subgroup with shockable first arresting rhythms,
there was no significant difference in bystander CPR between
females and males in either unadjusted (OR 0.95, 95% CI: 0.77—
1.17, p = 0.600) or adjusted analyses (AOR 1.11, 95% CI: 0.89—
1.39, p=0.360) (Fig. 2, Supplementary Tables 2 and 3). Odds ratios
for additional associations with bystander CPR for demographic and
event characteristics are available in Supplementary Table 2 (all
arresting rhythms) and Supplementary Table 3 (shockable first
arresting rhythms).

Sex differences in bystander defibrillation

The overall rate of bystander defibrillation was 4.4% (n = 408). Bys-
tander defibrillation was significantly higher in males (5.4%, n = 354)
than females (1.9%, n=54) (p < 0.001; Table 1). Females presenting
in any arresting rhythm were 65% less likely to receive bystander
defibrillation in the unadjusted model (UOR 0.35, 95% CI: 0.26—
0.47, p < 0.001) and 39% less likely to receive bystander defibrilla-
tion than males in the adjusted model (AOR 0.61, 95% Cl: 0.44—
0.84, p=0.002) (Fig. 3, Supplementary Table 4). Among cases with
shockable first arresting rhythms, females remained less likely to
receive bystander defibrillation in unadjusted analysis (UOR 0.56,
95% Cl: 0.42-0.76, p < 0.001) (Fig. 3; Supplementary Table 5). How-
ever, after adjusting for age, ethnicity, rurality, deprivation, arrest
location and witness status, this association was not significant
(AOR 0.83, 95% CI: 0.59-1.15, p = 0.26) (Fig. 3, Supplementary
Table 5).

Factors associated with bystander interventions

Associations between other OHCA case characteristics and bystan-
der CPR in all arresting rhythms are shown in Supplementary
Table 2. Higher odds of receiving bystander CPR were associated
with younger age, Maori ethnicity, rural location, occurring in a public

All rhythms UOR

Allrhythms AOR*

Shockable rhythms UOR

Shockable rhythms AOR*

location, and being witnessed by a bystander (p < 0.05). Lower odds
of receiving bystander CPR were associated with residing in the
most deprived areas (NZDep Quintile 5). Similar associations with
bystander CPR were observed in cases with a shockable first arrest-
ing rhythm (Supplementary Table 3).

Associations between other OHCA case characteristics and
bystander defibrillation in all arresting rhythms are shown in Supple-
mentary Table 4. Higher odds of receiving bystander defibrillation
were associated with rural locations, public locations, and being wit-
nessed by a bystander (p < 0.05). Lower odds of receiving bystander
defibrillation were associated with female sex, older age, and resid-
ing in the most deprived areas (NZDep Quintile 5) (p < 0.05). There
was no significant association between ethnicity and receiving
bystander defibrillation (p = 0.45). Associations between other OHCA
case characteristics with bystander defibrillation in cases with first
arresting shockable rhythms are shown in Supplementary Table 5.

Discussion

Despite similar rates of bystander CPR between sexes, there is a
significant sex-based disparity in bystander defibrillation during
OHCA in AoNZ, with females 39% less likely to receive this life-
saving intervention. However, in cases presenting with a first arrest-
ing shockable rhythm, adjusting for variables including age, ethnicity,
rurality, deprivation, witness status, and location type substantially
reduced the sex disparity. This suggests that these covariates, par-
ticularly arrest location and witness status, function as mediators
rather than confounders, explaining the mechanism underlying dis-
parity. The unadjusted odds ratio (UOR 0.35, 95% CI: 0.26-0.47,
p < 0.001; for defibrillation across all rhythms) reflects the total
real-world sex disparity, while the adjusted odds ratio (AOR 0.61,
95% Cl: 0.44-0.84, p = 0.002) reflects residual direct effects after

0.92

1.06

[ T

0 0.5

1 15 2

*Adjusted for age, ethnicity, rurality, deprivation, witness status, and event location type using

Firth-penalised logistic regression

Fig. 2 - Odds ratios for females compared to males for receiving bystander CPR. Adjusted and unadjusted odds ratios
are presented for the all arresting rhythms group and the shockable first arrest rhythm subgroup, with males as the
reference group. The Firth penalised logistic regression model adjusted for age, ethnicity, rurality, deprivation,
witness status, and event location type. Values <1.0 indicate reduced odds for females; values >1.0 indicate
increased odds for females. Error bars are 95% confidence intervals.

UOR - unadjusted odds ratio; AOR — adjusted odds ratio.
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0.35

Allrhythms UOR —
0.61
Allrhythms AOR* L
0.56
Shockable rhythms UOR —_—
0.83
Shockable rhythms AOR* L
0 0.5 1 1.5 2

*Adjusted for age, ethnicity, rurality, deprivation, witness status, and event location type using
Firth-penalised logistic regression

Fig. 3 - Odds ratios for females compared to males for receiving bystander defibrillation. Adjusted and unadjusted
odds ratios are presented for the all arresting rhythms group and the shockable first arrest rhythm subgroup, with
males as the reference group. The Firth penalised logistic regression model adjusted for age, ethnicity, rurality,
deprivation, witness status, and event location type. Values <1.0 indicate reduced odds for females; values >1.0
indicate increased odds for females. Error bars are 95% confidence intervals.

UOR - unadjusted odds ratio; AOR — adjusted odds ratio.

accounting for these mediating pathways. The defibrillation disparity
(1.9% vs 5.4%) represents a critical equity gap that compounds
existing disadvantages faced by women experiencing cardiac arrest
in AoNZ. In examining other factors associated with bystander inter-
ventions, our study also demonstrated that higher odds of bystander
CPR and defibrillation were associated with OHCA occurring in a
public location, with lower odds associated with residing in the most
socioeconomically deprived areas.

In general, women have poorer odds of surviving a cardiac
arrest.?>?* The survival disadvantage appears to stem from multiple
compounding factors: women present with less favourable arrest
characteristics (older age, fewer shockable rhythms, less witnessed
arrests), receive fewer life-saving interventions during the acute
event (including bystander interventions and access to prehospital
critical care,® and experience disparities in post-resuscitation care,
including reduced access to coronary angiography and targeted tem-
perature management.”>?® These reflect cumulative discrepancies
between males and females in the cardiac arrest chain of survival.

We observed no sex-based difference in bystander CPR rates,
adding to the equivocal international evidence.® The high overall
bystander CPR rate in Aotearoa New Zealand (76.9%) and the
equity in CPR provision across sex groups may reflect the effective-
ness of national CPR training initiatives and dispatcher-assisted
CPR protocols.

The sex disparity in bystander defibrillation in AoNZ aligns with a
recent meta-analysis reporting that women in OHCA had 21% lower
odds of a bystander applying an AED.® The gender gap in bystander
defibrillation is widening.'® Despite a clear pattern of lower bystander
defibrillation rates for women internationally, there is significant
heterogeneity between studies, indicating that explanations for the
effect may include geographic-, system-, or culture-specific
aspects.7’9*27’29

Our analysis included all first arresting rhythms rather than
restricting to shockable rhythms. The factors influencing the decision
to apply an AED, including patient characteristics, witness status,
and arrest location, operate upstream of rhythm determination.®*°
Restricting analysis to shockable rhythms introduces selection bias,
as females are less likely to present with shockable
rhythms, '%2%31:32 which is a significant contributor to the survival dis-
crepancy between sexes.*® These rhythm differences persist even in
the cases with the most favourable resuscitation conditions (public
location, witnessed, bystander CPR), suggesting the contribution of
underlying biological differences between men and women.®'
Impacting on shockable rhythm is the underlying aetiology, including
a lower prevalence of underlying coronary artery disease in
women.®

Location was strongly associated with bystander defibrillation,
with individuals who arrested in public locations over 10 times more
likely to receive defibrillation than those who arrested at home (AOR
10.51, 95% CI: 8.13-13.58). This disparity reflects the strategic
placement of AEDs in public spaces, in contrast to the limited avail-
ability of defibrillators in residential settings.®>° The location effect
mediates existing sex disparities, given that 82.5% of female arrests
occurred at home versus 71.2% of male arrests, consistent with
international studies.?® This effectively creates a layered disadvan-
tage, where women are both less likely to arrest in AED-accessible
locations and less likely to receive bystander defibrillation when it
occurs. These findings underscore the urgent need for innovative
AED accessibility strategies, including smartphone-activated
volunteer responder systems that can rapidly deliver AEDs to
homes.16’36"38

Deprivation has been associated with poorer OHCA outcomes
internationally.>>°° This association is compounded by inequitable
AED distribution, with public access defibrillators demonstrably less

Downloaded for Anonymous User (n/a) at Auckland University of Technology from ClinicalKey.com.au by Elsevier on April
13, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



Downloaded €08 Angnympus Mseri(@aNatrAuckiapd DBiveR iy TedtddlGey Hom ClinicalKey.com.au by Elsevier on April 7
13, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.

accessible in areas of higher deprivation.*' > We reveal significant
associations between socioeconomic deprivation and bystander
interventions, with individuals from the most deprived areas experi-
encing 50% lower odds of receiving both bystander CPR and bystan-
der defibrillation compared to those from the least deprived areas,
consistent with other studies.*®*” The association between depriva-
tion and bystander defibrillation likely reflects both individual socioe-
conomic factors (health literacy, cultural and social considerations,
community engagement) associated with home address and resour-
cing (AED availability, community resources) associated with event
location.®*° We have previously shown that Maori and Pacific peo-
ples experience cardiac arrest more frequently and have poorer sur-
vival outcomes.'’® These deprivation related inequities are
particularly concerning given that Maori and Pacific communities in
AoNZ disproportionately experience socioeconomic disadvantage.
This intersection of sex, ethnicity, and deprivation creates layered
disadvantages, with women from ethnic minority groups facing mul-
tiple compounding barriers to receiving bystander defibrillation.'?

Limitations

Several limitations should be acknowledged in this study. Our
analysis focused on defibrillation delivery rather than AED pad
placement or attempted AED use (i.e. the Utstein variable ‘by-
stander AED use’,'”
bystanders retrieved and prepared an AED but did not deliver a
shock due to non-shockable rhythms or other factors. While the
mandatory data entry system ensures complete capture of bystan-
der intervention variables, some misclassification may occur in
cases where paramedics could not definitively determine interven-
tion status from scene information. This would likely bias our
results toward the null, suggesting our observed disparities may
be conservative estimates.

Our adjusted analyses should be interpreted with caution when
making causal inferences. Several covariates included in our mod-
els, particularly event location and witness status, likely function as
mediators on the causal pathway between sex and bystander inter-
ventions rather than true confounders. Future mediation analysis
would be required to fully quantify the extent to which location, wit-
ness status, and other factors mediate the sex-defibrillation
relationship.

There was information about bystander characteristics, including
the number of bystanders present, training background, relationship
to the patient, and specific barriers encountered, which limits our
ability to identify targeted intervention strategies. We were unable
to distinguish between bystander-initiated CPR and call-centre-
initiated CPR.

The data presented in this study encompassed the COVID-19
period. Although bystander CPR and OHCA survival were not signif-
icantly reduced during the COVID-19 period in AoNZ, other bystan-
der interventions may have been impacted.*®

Only cases where EMS initiated a resuscitation (or where defib-
rillation occurred prior to EMS arrival) were included in this study.
If there are biases in resuscitation decision-making, e.g. by ethnicity,
deprivation, sex, or location, this may have introduced selection bias
in our cohort.

Deprivation scores were applied based on the patient's home
address. While home address deprivation captures chronic socioe-
conomic disadvantage associated with cardiac arrest risk and
comorbidity, event location deprivation may more directly reflect local
emergency response infrastructure, including public AED placement

which may underestimate cases where

and density. However, since 74.5% of arrests occurred at home,
these measures are applicable in most cases. For the 25.5% of
arrests that occur outside the home, home and event location depri-
vation may differ, potentially leading to misclassification.

Lastly, while we used prioritised ethnicity classifications, we
acknowledge that ethnicity data may not fully capture the diversity
within Maori and Pacific peoples populations.

Conclusion

Despite high overall bystander CPR rates with no sex-based differ-
ences, disparity was found in defibrillation rates between females
and males (1.9% vs 5.4%, respectively). This represents a critical
equity gap that compounds existing disadvantages faced by women
experiencing cardiac arrest in AoNZ. Among shockable rhythm
cases, the defibrillation sex disparity was not statistically significant
after adjustment, suggesting that patient and event characteristics
likely mediate this relationship. These findings highlight the need
for targeted strategies to improve recognition and response to female
cardiac arrest, particularly in high-deprivation and ethnic minority
populations.

Funding source

Publication costs were supported by the Australasian College of
Paramedicine Research Impact Grant (Verity Todd, 2025) and the
AUT Faculty of Health and Environmental Sciences Rolling Fund
(2026).

Declaration of generative Al and Al-assisted
technologies in the manuscript preparation
process

During the preparation of this work, the lead author used Claude
(Anthropic) to assist with literature searching and manuscript editing.
After using this tool/service, the authors reviewed and edited the con-
tent as needed and take full responsibility for the content of the pub-
lished article.

CRediT authorship contribution statement

Verity F. Todd: Writing — review & editing, Writing — original draft,
Visualization, Resources, Methodology, Investigation, Data curation,
Conceptualization. Heather Hutchinson: Writing — review & editing,
Writing — original draft, Visualization, Methodology, Investigation,
Formal analysis, Data curation, Conceptualization. Vinuli Witha-
narachchie: Writing — review & editing, Writing — original draft, Visu-
alization, Investigation. Andy Swain: Writing — review & editing,
Writing — original draft, Methodology, Investigation, Conceptualiza-
tion. Sarah Maessen: Writing — review & editing, Writing — original
draft, Methodology, Investigation. Aroha Brett: Writing — review &
editing, Visualization, Methodology, Investigation, Conceptualization.
Bridget Dicker: Writing — review & editing, Writing — original draft,
Visualization, Supervision, Resources, Project administration,
Methodology, Investigation, Formal analysis, Data curation,
Conceptualization.



8 RESUSCITATIONPLUS

28 (2026) 101252

Ethics approval

Ethics approval was granted for research using the Aotearoa New
Zealand Paramedic Care Collection (ANZPaCC) from the Northern
B Health and Disability Ethics Committee (2022 FULL 13415). Local-
ity approval was provided by Hato Hone St John (HHStJ) and
Wellington Free Ambulance (WFA).

Declaration of competing interest

HH, VW, SM, and AB are employees of HHStJ. AS is an
employee of WFA.

Acknowledgements

We thank the frontline clinicians at HHStJ and WFA. We thank the
HHStJ and WFA Locality Review committees for their time reviewing
our data requests. We also extend our thanks to Associate Professor
Nick Garrett (Community & Public Health, AUT) for Biostatistics
support.

Appendix A. Supplementary material

Supplementary material to this article can be found online at
https://doi.org/10.1016/j.resplu.2026.101252.

Author details

2Paramedicine Research Unit, Paramedicine Department, School of
Acute and Primary Health, Faculty of Health and Environmental
Sciences, Auckland University of Technology, 640 Great South
Road, Manukau City Centre, Auckland 2025, New Zealand ®Clinical
Evaluation, Research, and Insights Team, Hato Hone St John,
Building A Level 3/600 Great South Road, Ellerslie, Auckland 1051,
New Zealand°Wellington Free Ambulance Service, 19 Davis Street,
Pipitea, Wellington 6011, New Zealand ~ “Maori Health and Equity
Team, Kahui Mauaka, Building A Level/600 Great South Road,
Ellerslie, Auckland 1051, New Zealand

REFERENCES

1. Merchant RM, Topjian AA, Panchal AR, Cheng A, Aziz K, Berg KM,
et al. Part 1: Executive summary: 2020 American Heart Association
guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation 2020;142(16_suppl_2):S337-57.
https://doi.org/10.1161/CIR.0000000000000918.

2. Holmberg MJ, Vognsen M, Andersen MS, Donnino MW, Andersen
LW. Bystander automated external defibrillator use and clinical
outcomes after out-of-hospital cardiac arrest: a systematic review
and meta-analysis. Resuscitation 2017;120:77-87. https://doi.org/
10.1016/j.resuscitation.2017.09.003.

3. Baekgaard JS, Viereck S, Moller TP, Ersboll AK, Lippert F, Folke F.
The effects of public access defibrillation on survival after out-of-
hospital cardiac arrest: a systematic review of observational studies.
Circulation 2017;136(10):954—65. https://doi.org/10.1161/
CIRCULATIONAHA.117.029067.

4. Nishiyama C, Kiguchi T, Okubo M, Al-Araji R, Amorim E, Alihodzic H,
et al. Characteristics of Out-of-hospital Cardiac Arrest from 2018 to

10.

11.

12.

13.

14.

15.

16.

17.

2021 across the world: third report from the International Liaison
Committee on Resuscitation (ILCOR) Research and Registries
Committee. Resuscitation 2018;2025:110852. https://doi.org/
10.1016/j.resuscitation.2025.110852.

. Nehme E, Anderson D, Salathiel R, Carlyon A, Stub D, Cameron PA,

et al. Out-of-hospital cardiac arrests in Victoria, 2003-2022:
retrospective analysis of Victorian Ambulance Cardiac Arrest
Registry data. Med J Aust 2024;221(11):603—11. https://doi.org/
10.5694/mja2.52532.

. Zahra SA, Choudhury RY, Nagvi R, Boulton AJ, Chahal CAA, Munir

S, et al. Health inequalities in cardiopulmonary resuscitation and use
of automated electrical defibrillators in out-of-hospital cardiac arrest.
Curr Probl Cardiol 2024;49(5)102484. https://doi.org/10.1016/}.
cpcardiol.2024.102484.

. Ishii M, Tsujita K, Seki T, Okada M, Kubota K, Matsushita K, et al.

Sex- and age-based disparities in public access defibrillation,
bystander cardiopulmonary resuscitation, and neurological outcome
in cardiac arrest. JAMA Netw Open 2023;6(7)e2321783. https:/doi.
org/10.1001/jamanetworkopen.2023.21783.

. Thompson K, Smith J, Tanski M, Neth MR, Sahni R, Kennel J, et al.

Gender differences in defibrillator practices in out-of-hospital cardiac
arrest. Prehosp Emerg Care 2024;1:7. https://doi.org/10.1080/
10903127.2024.2394590.

. Catalisano G, Ippolito M, Spina N, lozzo P, Galvano AN, Giarratano

A, et al. Association between bystander cardiopulmonary
resuscitation initiation and patient’s sex: a systematic review and
meta-analysis. Resusc Plus 2025;22:100916. https://doi.org/
10.1016/j.resplu.2025.100916.

Paratz ED, Nehme E, Heriot N, Sundararajan V, Page G, Fahy L,
et al. Sex disparities in bystander defibrillation for out-of-hospital
cardiac arrest. Resusc plus 2024;17:100532. https://doi.org/10.1016/
j.resplu.2023.100532.

Huebinger R, Shao F, Blewer AL, Schulz K, Root C, Page-Reeves J,
et al. Sex and age-based disparities in bystander interventions for
out-of-hospital cardiac arrest in Texas. Prehosp Emerg Care
2025:1-5. https://doi.org/10.1080/10903127.2025.2498014.

Blewer AL, Starks MA, Malta-Hansen C, Sasson C, Ong MEH, Al-
Araji R, et al. Sex differences in receipt of bystander cardiopulmonary
resuscitation considering neighborhood racial and ethnic
composition. J Am Heart Assoc 2024;13(5)e031113. https://doi.org/
10.1161/JAHA.123.031113.

Health New Zealand — Te Whatu Ora. Life expectancy in Aotearoa
New Zealand: an analysis of socioeconomic, geographic, sex and
ethnic variation from 2001 to 2022. https://www.tewhatuora.govt.nz/
publications/life-expectancy-in-aotearoa-an-analysis-of-
socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-
2022: Health New Zealand — Te Whatu Ora; 2024. [Available from:
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-
aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-
variation-from-2001-to-2022].

Ministry of Health. Manatu Hauora. Annual data explorer. https://
minhealthnz.shinyapps.io/nz-health-survey-2023-24-annual-data-
explorer2024 [Available from: https://minhealthnz.shinyapps.io/nz-
health-survey-2023-24-annual-data-explorer].

Dicker B, Todd V, Tunnage B, Swain A, Conaglen K, Smith T, et al.
Ethnic disparities in the incidence and outcome from out-of-hospital
cardiac arrest: a New Zealand observational study. Resuscitation
2019;145:56—-62. https://doi.org/10.1016/j.resuscitation.2019.09.026.
Smith CM, Wilson MH, Ghorbangholi A, Hartley-Sharpe C, Gwinnutt
C, Dicker B, et al. The use of trained volunteers in the response to
out-of-hospital cardiac arrest — the GoodSAM experience.
Resuscitation 2017;121:123-6. https://doi.org/10.1016/].
resuscitation.2017.10.020.

Bray JE, Grasner JT, Nolan JP, lwami T, Ong MEH, Finn J, et al.
Cardiac arrest and cardiopulmonary resuscitation outcome reports:
2024 update of the Utstein out-of-hospital cardiac arrest registry
template. Circulation 2024;150(9):e203-23. https://doi.org/10.1161/
CIR.0000000000001243.

Downloaded for Anonymous User (n/a) at Auckland University of Technology from ClinicalKey.com.au by Elsevier on April
13, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.resplu.2026.101252
https://doi.org/10.1161/CIR.0000000000000918
https://doi.org/10.1016/j.resuscitation.2017.09.003
https://doi.org/10.1016/j.resuscitation.2017.09.003
https://doi.org/10.1161/CIRCULATIONAHA.117.029067
https://doi.org/10.1161/CIRCULATIONAHA.117.029067
https://doi.org/10.1016/j.resuscitation.2025.110852
https://doi.org/10.1016/j.resuscitation.2025.110852
https://doi.org/10.5694/mja2.52532
https://doi.org/10.5694/mja2.52532
https://doi.org/10.1016/j.cpcardiol.2024.102484
https://doi.org/10.1016/j.cpcardiol.2024.102484
https://doi.org/10.1001/jamanetworkopen.2023.21783
https://doi.org/10.1001/jamanetworkopen.2023.21783
https://doi.org/10.1080/10903127.2024.2394590
https://doi.org/10.1080/10903127.2024.2394590
https://doi.org/10.1016/j.resplu.2025.100916
https://doi.org/10.1016/j.resplu.2025.100916
https://doi.org/10.1016/j.resplu.2023.100532
https://doi.org/10.1016/j.resplu.2023.100532
https://doi.org/10.1080/10903127.2025.2498014
https://doi.org/10.1161/JAHA.123.031113
https://doi.org/10.1161/JAHA.123.031113
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-2022
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-2022
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-2022
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-2022
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-2022
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-2022
https://www.tewhatuora.govt.nz/publications/life-expectancy-in-aotearoa-an-analysis-of-socioeconomic-geographic-sex-and-ethnic-variation-from-2001-to-2022
https://minhealthnz.shinyapps.io/nz-health-survey-2023-24-annual-data-explorer2024
https://minhealthnz.shinyapps.io/nz-health-survey-2023-24-annual-data-explorer2024
https://minhealthnz.shinyapps.io/nz-health-survey-2023-24-annual-data-explorer2024
https://minhealthnz.shinyapps.io/nz-health-survey-2023-24-annual-data-explorer
https://minhealthnz.shinyapps.io/nz-health-survey-2023-24-annual-data-explorer
https://doi.org/10.1016/j.resuscitation.2019.09.026
https://doi.org/10.1016/j.resuscitation.2017.10.020
https://doi.org/10.1016/j.resuscitation.2017.10.020
https://doi.org/10.1161/CIR.0000000000001243
https://doi.org/10.1161/CIR.0000000000001243

Downloadedfos Angnygmpus Nseri(iaNat P ucklapd PBiveBiy2o6 Tedtddl@y Bom ClinicalKey.com.au by Elsevier on April 9
13, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Health Information Standards Organisation (HISO) MoH-MH. HISO
10052:2015 Ambulance Care Summary Standard. In: Hauora MoH-
M, editor. https://www.tewhatuora.govt.nz/publications/hiso-
100522015-ambulance-care-summary-standard2015.

Health New Zealand Te Whatu Ora. National Minimum Dataset
(hospital events); 2025. [Available from: https://www.
tewhatuora.govt.nz/for-health-professionals/data-and-statistics/nz-
health-statistics/national-collections-and-surveys/collections/
national-minimum-dataset-hospital-events].

Health Information Standards Organisation. Ethnicity data protocols.
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-
health/Health-information-standards/hiso_10001-2017_ethnicity_
data_protocols_21_apr.docx. Ministry of Health; 2017. Contract No.:
HISO 10001:2017. Available from: https://www.tewhatuora.govt.nz/
assets/Our-health-system/Digital-health/Health-information-
standards/hiso_10001-2017_ethnicity_data_protocols_21_apr.docx.
Whitehead J, Davie G, de Graaf B, Crengle S, Fearnley D, Smith M,
et al. Defining rural in Aotearoa New Zealand: a novel geographic
classification for health purposes. N Z Med J 2022;135(1559):24—40.
Atkinson J, Salmond C, Crampton P. NZDep2018 index of
deprivation. University of Otago, Wellington: Department of Public
Health; 2019.

Lei H, Hu J, Liu L, Xu D. Sex differences in survival after out-of-
hospital cardiac arrest: a meta-analysis. Crit Care 2020;24(1):613.
https://doi.org/10.1186/s13054-020-03331-5.

Zylyftari N, Wissenberg M, Gnesin F, Moller AL, Anna Mills EH,
Moller SG, et al. Sex differences in out-of-hospital cardiac arrest. Eur
Heart J Open 2025;5(3)oeaf047. https://doi.org/10.1093/ehjopen/
oeaf047.

Boulton AJ, Lang N, Miller J, Whitley GA, Zorab O, Booth S, et al.
Relationship between neighbourhood deprivation and ethnicity with
attendance of prehospital critical care to out-of-hospital cardiac
arrest patients. Resuscitation 2025;215:110663. https://doi.org/
10.1016/j.resuscitation.2025.110663.

Morris NA, Mazzeffi M, McArdle P, May TL, Burke JF, Bradley SM,
et al. Women receive less targeted temperature management than
men following out-of-hospital cardiac arrest due to early care
limitations — a study from the CARES investigators. Resuscitation
2021;169:97-104. https://doi.org/10.1016/.
resuscitation.2021.10.036.

Chen C, Lo CYZ, Ho MJC, Ng Y, Chan HCY, Wu WHK, et al. Global
sex disparities in bystander cardiopulmonary resuscitation after out-
of-hospital cardiac arrest: a scoping review. J Am Heart Assoc
2024;13(18)e035794. https://doi.org/10.1161/JAHA.124.035794.
Pei-Chuan Huang E, Chiang WC, Lu TC, Wang CH, Sun JT, Hsieh
MJ, et al. Barriers to bystanders defibrillation: a national survey on
public awareness and willingness of bystanders defibrillation. J
Formos Med Assoc 2021;120(3):974-82. https://doi.org/10.1016/j.
jfma.2020.10.020.

Munot S, Bray JE, Redfern J, Bauman A, Marschner S, Semsarian
C, et al. Bystander cardiopulmonary resuscitation differences by sex
— the role of arrest recognition. Resuscitation 2024;199:110224.
https://doi.org/10.1016/j.resuscitation.2024.110224.

Boulton AJ, Del Rios M, Perkins GD. Health inequities in out-of-
hospital cardiac arrest. Curr Opin Crit Care 2022;28(3):229-36.
https://doi.org/10.1097/MCC.0000000000000947.

Casarini E, Skjelbred T, Rajan D, Warming PE, Hansen CJ, Wolthers
SA, et al. Sex differences in out-of-hospital cardiac arrest: the impact
of comorbidities on first monitored rhythm. Resuscitation
2025;217:110894. https://doi.org/10.1016/j.
resuscitation.2025.110894.

Miedel C, Jonsson M, Dragas M, Djarv T, Nordberg P, Rawshani A,
et al. Underlying reasons for sex difference in survival following out-
of-hospital cardiac arrest: a mediation analysis. Europace 2024;26
(5). https://doi.org/10.1093/europace/euae126.

AED Locations NZ. AED locations: find your nearest AED
Auckland: AED Locations NZ; 2025 [Available from: https://
aedlocations.co.nz/].

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Jerjen SME, Gemperli A. Spatiotemporal disparities in automated
external defibrillator access: identifying national deficits. Resusc Plus
2025;26:101135. https://doi.org/10.1016/j.resplu.2025.101135.

Ball S, Morgan A, Simmonds S, Bray J, Bailey P, Finn J. Strategic
placement of automated external defibrillators (AEDs) for cardiac
arrests in public locations and private residences. Resusc Plus
2022;10:100237. https://doi.org/10.1016/j.resplu.2022.100237.
Haskins B, Nehme Z, Dicker B, Wilson MH, Ray M, Bernard S, et al.
A binational survey of smartphone activated volunteer responders for
out-of-hospital cardiac arrest: availability, interventions, and post-
traumatic stress. Resuscitation 2021;169:67-75. https://doi.org/
10.1016/j.resuscitation.2021.10.030.

Pek PP, Chung Fook-Chong SM, Sudharshan P, Ge Y, Ng YY,
Leong BS, et al. Impact of AEDs and training of smartphone
activated volunteers in residential areas on OHCA: a nationwide
stepped-wedge implementation trial. Resuscitation 2025110826.
https://doi.org/10.1016/j.resuscitation.2025.110826.

Todd V, Dicker B, Okyere D, Smith K, Smith T, Howie G, et al. A
study protocol for a cluster-randomised controlled trial of
smartphone-activated first responders with ultraportable defibrillators
in out-of-hospital cardiac arrest: the First Responder Shock Trial
(FIRST). Resusc Plus 2023;16:100466. https://doi.org/10.1016/j.
resplu.2023.100466.

Cheek L, Schmicker RH, Crowe R, Goren E, West A, McMullan J,
et al. Rurality and area deprivation and outcomes after out-of-
hospital cardiac arrest. JAMA Netw Open 2025;8(4)e253435. https:/
doi.org/10.1001/jamanetworkopen.2025.3435.

Owen P, Hannah J, King P, Deakin C, Plumb J, Jackson AIR. Is
there an association between 30-day mortality from out-of-hospital
cardiac arrest (OHCA) and deprivation levels within Hampshire? A
retrospective cohort study. Resusc Plus 2025;22:100898. https://doi.
0rg/10.1016/j.resplu.2025.100898.

Dicker B, Garrett N, Wong S, McKenzie H, McCarthy J, Jenkin G,
et al. Relationship between socioeconomic factors, distribution of
public access defibrillators and incidence of out-of-hospital cardiac
arrest. Resuscitation 2019;138:53-8. htips://doi.org/10.1016/].
resuscitation.2019.02.022.

Brown TP, Perkins GD, Smith CM, Deakin CD, Fothergill R. Are
there disparities in the location of automated external defibrillators in
England?. Resuscitation 2022;170:28-35. https://doi.org/10.1016/].
resuscitation.2021.10.037.

Heidet M, Freyssenge J, Claustre C, Deakin J, Helmer J, Thomas-
Lamotte B, et al. Association between location of out-of-hospital
cardiac arrest, on-scene socioeconomic status, and accessibility to
public automated defibrillators in two large metropolitan areas in
Canada and France. Resuscitation 2022;181:97—109. https://doi.org/
10.1016/j.resuscitation.2022.10.016.

Burgoine T, Austin D, Wu J, Quinn T, Shurmer P, Gale CP, et al.
Automated external defibrillator location and socioeconomic
deprivation in Great Britain. Heart 2024;110(3):188-94. https://doi.
ora/10.1136/heartjnl-2023-322985.

Lee SY, Do YK, Shin SD, Park YJ, Ro YS, Lee EJ, et al. Community
socioeconomic status and public access defibrillators: a multilevel
analysis. Resuscitation 2017;120:1-7. https://doi.org/10.1016/}.
resuscitation.2017.08.012.

Huebinger R, Vithalani V, Osborn L, Decker C, Jarvis J, Dickson R,
et al. Community disparities in out of hospital cardiac arrest care and
outcomes in Texas. Resuscitation 2021;163:101-7. https://doi.org/
10.1016/j.resuscitation.2021.03.021.

Chan PS, McNally B, Vellano K, Tang Y, Spertus JA. Association of
neighborhood race and income with survival after out-of-hospital
cardiac arrest. J Am Heart Assoc 2020;9(4)e014178. https://doi.org/
10.1161/JAHA.119.014178.

Howell S, Nehme Z, Ball S, Doan T, Finn J, Bosley E, et al. The
impact of the COVID-19 pandemic on resuscitation attempts,
bystander CPR and survival outcomes in Australia and New Zealand:
a binational population-based, Epistry study. Resusc Plus
2025;22:100894. https://doi.org/10.1016/j.resplu.2025.100894.



https://www.tewhatuora.govt.nz/publications/hiso-100522015-ambulance-care-summary-standard2015
https://www.tewhatuora.govt.nz/publications/hiso-100522015-ambulance-care-summary-standard2015
https://www.tewhatuora.govt.nz/for-health-professionals/data-and-statistics/nz-health-statistics/national-collections-and-surveys/collections/national-minimum-dataset-hospital-events
https://www.tewhatuora.govt.nz/for-health-professionals/data-and-statistics/nz-health-statistics/national-collections-and-surveys/collections/national-minimum-dataset-hospital-events
https://www.tewhatuora.govt.nz/for-health-professionals/data-and-statistics/nz-health-statistics/national-collections-and-surveys/collections/national-minimum-dataset-hospital-events
https://www.tewhatuora.govt.nz/for-health-professionals/data-and-statistics/nz-health-statistics/national-collections-and-surveys/collections/national-minimum-dataset-hospital-events
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/hiso_10001-2017_ethnicity_data_protocols_21_apr.docx
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/hiso_10001-2017_ethnicity_data_protocols_21_apr.docx
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/hiso_10001-2017_ethnicity_data_protocols_21_apr.docx
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/hiso_10001-2017_ethnicity_data_protocols_21_apr.docx
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/hiso_10001-2017_ethnicity_data_protocols_21_apr.docx
https://www.tewhatuora.govt.nz/assets/Our-health-system/Digital-health/Health-information-standards/hiso_10001-2017_ethnicity_data_protocols_21_apr.docx
http://refhub.elsevier.com/S2666-5204(26)00037-8/h0105
http://refhub.elsevier.com/S2666-5204(26)00037-8/h0105
http://refhub.elsevier.com/S2666-5204(26)00037-8/h0105
http://refhub.elsevier.com/S2666-5204(26)00037-8/h0110
http://refhub.elsevier.com/S2666-5204(26)00037-8/h0110
http://refhub.elsevier.com/S2666-5204(26)00037-8/h0110
https://doi.org/10.1186/s13054-020-03331-5
https://doi.org/10.1093/ehjopen/oeaf047
https://doi.org/10.1093/ehjopen/oeaf047
https://doi.org/10.1016/j.resuscitation.2025.110663
https://doi.org/10.1016/j.resuscitation.2025.110663
https://doi.org/10.1016/j.resuscitation.2021.10.036
https://doi.org/10.1016/j.resuscitation.2021.10.036
https://doi.org/10.1161/JAHA.124.035794
https://doi.org/10.1016/j.jfma.2020.10.020
https://doi.org/10.1016/j.jfma.2020.10.020
https://doi.org/10.1016/j.resuscitation.2024.110224
https://doi.org/10.1097/MCC.0000000000000947
https://doi.org/10.1016/j.resuscitation.2025.110894
https://doi.org/10.1016/j.resuscitation.2025.110894
https://doi.org/10.1093/europace/euae126
https://aedlocations.co.nz/
https://aedlocations.co.nz/
https://doi.org/10.1016/j.resplu.2025.101135
https://doi.org/10.1016/j.resplu.2022.100237
https://doi.org/10.1016/j.resuscitation.2021.10.030
https://doi.org/10.1016/j.resuscitation.2021.10.030
https://doi.org/10.1016/j.resuscitation.2025.110826
https://doi.org/10.1016/j.resplu.2023.100466
https://doi.org/10.1016/j.resplu.2023.100466
https://doi.org/10.1001/jamanetworkopen.2025.3435
https://doi.org/10.1001/jamanetworkopen.2025.3435
https://doi.org/10.1016/j.resplu.2025.100898
https://doi.org/10.1016/j.resplu.2025.100898
https://doi.org/10.1016/j.resuscitation.2019.02.022
https://doi.org/10.1016/j.resuscitation.2019.02.022
https://doi.org/10.1016/j.resuscitation.2021.10.037
https://doi.org/10.1016/j.resuscitation.2021.10.037
https://doi.org/10.1016/j.resuscitation.2022.10.016
https://doi.org/10.1016/j.resuscitation.2022.10.016
https://doi.org/10.1136/heartjnl-2023-322985
https://doi.org/10.1136/heartjnl-2023-322985
https://doi.org/10.1016/j.resuscitation.2017.08.012
https://doi.org/10.1016/j.resuscitation.2017.08.012
https://doi.org/10.1016/j.resuscitation.2021.03.021
https://doi.org/10.1016/j.resuscitation.2021.03.021
https://doi.org/10.1161/JAHA.119.014178
https://doi.org/10.1161/JAHA.119.014178
https://doi.org/10.1016/j.resplu.2025.100894

10 RESUSCITATIONPLUS 28 (2026) 101252

GLOSSARY OF ABBREVIATIONS

AED: Automated External Defibrillator

ANZPaCC: Aotearoa New Zealand Paramedic Care Collection
AOR: Adjusted Odds Ratio

ClI: Confidence Interval

CPR: Cardiopulmonary Resuscitation

EMS: Emergency Medical Services

FENZ: Fire and Emergency New Zealand

HHStJ: Hato Hone St John

IQR: Interquartile Range

NHI: National Health Index (patient identifier)

NZ: Aotearoa New Zealand

NZDep: New Zealand Index of Deprivation

NZDep2018: New Zealand Index of Deprivation 2018

OHCA: Out-of-Hospital Cardiac Arrest

OR: Odds Ratio

Q71-Q5: Quintile 1 to Quintile 5 (deprivation quintiles)

ROSC: Return of Spontaneous Circulation

SPSS: Statistical Package for the Social Sciences (statistical software)

STROBE: Strengthening the Reporting of Observational Studies in
Epidemiology

UOR: Unadjusted odds ratio

WFA: Wellington Free Ambulance
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