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Abstract

Background—There is controversy regarding the association between age and being female and
survival to hospital discharge after out-of-hospital cardiac arrest (OHCA). We hypothesized that
younger females (aged 12-49 years) would be independently associated with increased survival
after OHCA when compared to other age and sex groups.

Methods—We conducted a secondary analysis of prospectively collected data from 29 United
States cities that participate in the Cardiac Arrest Registry to Enhance Survival (CARES). Patients
were included if they were >12 years of age and had a documented resuscitation attempt from
October 1, 2005 through December 31, 2009. Hierarchical multivariable logistic regression
analyses were used to estimate the associations between age and sex groups and survival to
hospital discharge.

Results—Females were less likely to have a cardiac arrest in public, was witnessed, or was
treatable with defibrillation. Females in the 12—-49 year old age group had a similar proportion of
survival to hospital discharge when compared to age-matched males (females 11.6% vs. males
11.2%), while males =50 years old were more likely to survive when compared to age matched
females (females 6.9% vs. males 9.6%). Age stratified regression models demonstrated that 12—-49
year old females had the largest association with survival to hospital discharge (OR 1.55, 95% CI
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1.20-2.00), while females in the =50 year old age group had a smaller increased odds of survival
to hospital discharge (OR 1.18, 95% CI 1.03-1.35), which only lasted until the age of 55 years
(OR 1.12, 95% CI 0.97-1.29).

Conclusions—Younger aged females were associated with increased odds of survival despite
being found with poorer prognostic arrest characteristics.

Keywords
Cardiac arrest; Estrogen; Survival; Sex

1. Introduction

Out-of-hospital cardiac arrest (OHCA) accounts for approximately 300,000 deaths annually
in the United States.! There are known sex disparities in OHCA characteristics, specifically
females are more likely to arrest at older ages, arrest at home, have an unwitnessed arrest,
and be found in non-shockable rhythms (i.e., pulseless electrical activity or asystole).2=>
Although each of these characteristics is associated with poorer outcomes, currently there is
no consensus on whether females with cardiac arrest are less likely to survive to hospital
discharge.

Three recent studies, two Japanese studies of OHCA patients®’ and another United States
study of in-hospital cardiac arrest (IHCA) patients® suggest there may also be an interaction
between age and sex on survival from cardiac arrest. These studies have found that females
of childbearing age are more likely to survive to hospital discharge when compared to other
age and sex groups. It is postulated that this may be due to a protective effect provided by
sex hormones in women of childbearing age, as this survival benefit is not seen among
females who are >50 years of age or age-matched male counterparts. These findings are
further supported by basic science research demonstrating that female sex hormones may
have a role in decreasing the reperfusion injury thought to mediate poor outcomes in patients
who experience cardiac arrest.’~14

Although the two clinical studies on OHCA from Japan and the IHCA study from the United
States report associations between sex and age and survival after cardiac arrest, no studies
have been conducted on a racially heterogeneous population from different communities. As
such, we utilized the Cardiac Arrest Registry to Enhance Survival (CARES) to further
determine if females from a heterogeneous patient population within the United States had
increased odds of survival after OHCA. We hypothesized that within this population,
females of child-bearing age would have increased odds of surviving OHCA.

2. Methods

2.1. Study design, setting, and population

Data were obtained from the CARES dataset, which is funded by the Centers for Disease
Control and Prevention and supported by Emory University.1®> The communities that
contribute to CARES include a catchment area of approximately 22 million people from 29
cities across the United States (Appendix Table 1). CARES is an EMS-based registry for
OHCA, composed of a limited standard set of data elements from three sources: 911 call
centers, EMS providers, and receiving hospitals. Data from submitted reports are linked and
reviewed by an independent data analyst from Emory University. Detailed information on
the design and development of this registry as well as the data elements included in the
registry is published elsewhere.1®
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This was a secondary data analysis of prospectively collected data submitted to CARES
from October 1, 2005 through December 31, 2009. All 911-activated cardiac arrest patients
for whom resuscitation was attempted and the etiology was presumed to be cardiac were
included in the study sample. Exclusion criteria included: not being of presumed cardiac
etiology, age <12 years, missing data for sex, or if survival to hospital discharge could not
be determined.

Because the CARES registry contains only de-identified data, our study was considered
exempt by the Colorado Multiple Institutional Review Board.

2.2. Data collection and processing

All data were entered into a web-based platform (Sansio Corporation, Minneapolis, MN)
and an Excel file (Microsoft Corporation, Redmond, WA) was generated. All data analyses
were conducted using Stata 11 (Stata Corporation, College Station, TX). Patientlevel
characteristics collected in the registry included: age, sex, race/ethnicity (as coded by the
EMS provider), location of the arrest (public vs. private residence), whether the arrest was
witnessed (by someone other than the first responder/EMS provider), whether CPR was
initiated by the bystander, use of an automated external defibrillator, initial cardiac rhythm,
return of spontaneous circulation (ROSC), and survival to hospital admission and discharge.
Bystander CPR was defined as any time CPR was performed by a person who was not part
of the medical or EMS teams.

Age cutoffs were initially defined as the average age of menarche in the United States (12
years)16 and the average age of menopause in the United States (49 years).1” Two principal
age groups were created consisting of ages from 12 to 49 years and patients aged greater
than 49 years.

2.3. Statistical analysis

In order to confirm that our age categories were associated with survival, we used bivariate
fractional polynomial regression to evaluate the non-linear relationship between patient age
and survival to hospital discharge among females. The best fit resulted in a two-order
transformation (& + b1(age)? + b(age)3). We then plotted the probability of survival to
hospital discharge for females using these transformations in a separate logistic regression
model (Appendix figure 1). This demonstrated an inflection point at approximately 50 years
of age, confirming our initial age categorization.

Baseline characteristics between age and sex groups were compared using the chi-square
test for categorical variables. To estimate associations between individual-and site-specific
characteristics, including specifically the relationships between age, sex, and survival, we
used hierarchical logistic regression analyses. This statistical approach allowed us to account
for 20,018 individual cardiac arrest patients nested within 29 distinct cities. To determine the
extent to which city-specific factors have effects independent of individual characteristics,
we used a random intercept model to partition the variance between catchment areas and the
individuallevel characteristics. Individual level effects were then added as fixed effects to
the model to examine their independent contributions. Individual and site-specific
characteristics included in the model were: age, sex, race/ethnicity, witnessed by bystander,
witnessed by EMS, location of arrest, bystander CPR, use of a public AED, and initial
rhythm. In order to test whether there was effect modification between age and sex we
included an interaction term between age and sex.

To minimize bias and preserve study power, we used multiple imputation to handle missing
values. We and others have previously demonstrated the validity of multiple imputation for
imputing missing out-of-hospital values under a variety of conditions.18-20 Individual-level
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race/ethnicity was coded as unknown in approximately 25% of our sample, whereas arrest
witnessed by a bystander, initial presenting rhythm, and location of the arrest had missing
values in less than 3% of the dataset. The multiple imputation model included the following
variables: age, sex, race/ethnicity, witnessed arrest, initial rhythm, AED use, arrest location,
regional site, prehospital disposition, and survival to hospital discharge. Ten imputed
datasets were created using imputation by flexible chain equations based on bootstrapped
samples from the complete dataset.

2.4. Sensitivity analysis

3. Results

We performed a sensitivity analysis (Appendix Table 2) to examine the independent
association between sex and survival to hospital discharge across different age ranges. Age
ranges of 549 years, 12-65 years, >55 years, and >65 years were used in our fully adjusted
model and imputed datasets. An additional analysis using only complete cases was
performed on the 12-49 year old age group.

3.1. Population

Initially, 20,018 patients were eligible for inclusion. Patients were excluded for not having a
presumed cardiac etiology (n7= 37), age <12 years (n= 391), missing sex data (n=8), or
missing survival to hospital discharge data (7= 184). A total of 19,398 patients were
therefore included in the study sample (Fig. 1).

3.2. Stratified by sex

Table 1 displays demographic, clinical, and EMS characteristics of the patients stratified by
sex. Of 19,398 patients, 7634 (39.5%) were female with a median age of 69 (interquartile
range [IQR]: 56-82) years, and 11,707 (60.5%) were male with a median age of 63 (IQR:
52-75) years (Fig. 2). Overall, females were less likely to have an arrest witnessed by a
bystander (females 44.8% vs. males 49.9%, p < 0.01), less likely to have an arrest occur in a
public location (females 7.2% vs. 16.5%, p < 0.01), less likely to present with a shockable
rhythm (females 16.5% vs. males 28.5%, p < 0.01) and less likely to have an automated
external defibrillator (AED) used (females 26.2% vs. males 29.7%, p < 0.01). Bystander
CPR was performed in similar proportions for both sexes (females 33.3% vs. males 33.7%).
African-American females had the highest total percentage of cardiac arrest events when
compared to African-American males (females 32.4% vs. males 25.1%). Overall females
were more likely to have ROSC (females 34.9% vs. males 32.3%); however, they were less
likely to survive to hospital discharge (females 7.7% vs. males 9.9%).

3.3. Stratified by sex and age

Table 2 displays patient demographic, event, and resuscitation characteristics stratified into
four groups based on age and sex. For all male and female patients aged >50 years, white
patients had the greatest percentage of cardiac arrest (Table 2). In the female 12-49 year old
age group, African-Americans had the greatest percentage of arrests (37.4%, 95% ClI: 34.7-
40.1%). Similar to the sex stratified results, females in both age groups were less likely to
have a witnessed arrest, arrest in a public location, have an AED used, and to have had a
shockable presenting rhythm. Females in the 12-49 year old age group had a greater
percentage of pulseless electrical activity (17.1%, 95% CI: 15.0-19.3) than males of the
same age group (13.0%, 95% CI: 11.6-14.4). Additionally, females in the =50 year old age
group presented more often with asystole (49.6%, 95% CI: 48.4-50.8) than males of the
same age group (41.4%, 95% CI: 40.4-42.4). Females and males from both age groups had
similar proportions of bystander CPR.
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Although females were less likely to arrest in public, have a witnessed arrest, or have a
shockable rhythm, females in the 12-49 year old age group were more likely to have ROSC
than their age-matched male counterparts, while proportions of patients with ROSC were
relatively similar across sex groups in the =50 years of age group (Table 2). Although
females overall had decreased survival to hospital discharge, when age stratified, females in
the 12-49 year old age group had similar a proportion of survival to hospital discharge when
compared to age-matched males (females 12-49 = 11.6%, 95% CI: 9.8-13.4 vs. males 12—
49 = 11.2%, 95% CI: 9.8-12.5), while males in the older age group were more likely to
survive compared to females (females =50 = 6.9%, 95% CI: 9.0-10.2 vs. males =50 = 9.6%,
95% CI 9.0-10.2).

3.4. Adjusted models stratified by sex and age

An initial regression using age as a continuous variable demonstrated an association
between female sex and increased survival (odds ratio [OR] 1.23, 95% ClI: 1.09-1.39), while
older age (=50 years) was associated with decreased survival (OR 0.98, 95% CI: 0.98-0.99)
(Table 3). We tested whether there was effect modification between female sex and age,
which was found to be significant (p < 0.01). As a result, we chose to perform age-stratified
regressions to compare younger females with younger males and older females to older
males to test the independent effect of sex on survival to hospital discharge, while adjusting
for age.

Within the 12—49 year old age group, female sex was associated with an increased odds of
survival to discharge (OR 1.55, 95% CI: 1.20-2.00) (Table 3), while the association with
age was not significant (OR 1.00, 95% CI: 0.99-1.02). African-American patients had a
decreased association with survival (OR 0.70, 95% CI: 0.51-0.96). Consistent with our
initial models, arrests that occurred in public, were witnessed by bystanders or EMS, and
had a shockable presenting rhythm were all positively associated with survival (Table 3).

In the =50 year old age group, female sex was still associated with increased survival to
hospital discharge, although the magnitude of effect was decreased (OR 1.18, 95% CI: 1.03-
1.35). Again, consistent with prior models, those arrests that occurred in public, were
witnessed by bystanders or EMS, or had a shockable presenting rhythm were all positively
associated with survival. Bystander CPR, although significant in the overall models, was
only significantly associated with survival to hospital discharge in the older age group (OR
1.37,95% CI: 1.19-1.57).

The increased odds of survival for female sex in the 12—-49 year old age group persisted in a
complete case analysis (OR 1.51, 95% ClI: 1.12-2.02). The association of female sex and
increased survival also persisted in the fully adjusted models until 55 years of age
(Appendix Table 2).

4. Discussion

We examined the association between age and sex and survival to discharge for patients
with OHCA in a large out-of-hospital cardiac arrest registry from a broad, heterogeneous
United States population. We found that female sex was independently associated with
increased survival among patients aged 12—-49 years. In contrast, females had a smaller
association with survival after the age of 50 years, which only persisted until the age of 55
years. Our work, in combination with three other recent large-scale studies,5-8 has important
research implications that may lead to a potential new area of research in the role of female
sex hormones in cardiac arrest resuscitation.
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There is a growing body of evidence suggesting that females of childbearing age are more
likely to survive a cardiac arrest event, despite being more likely to have arrest
characteristics that are associated with poor outcomes (unwitnessed arrest, private location,
non-shockable rhythm).2:3 Similar to our results, two recent studies from Japan have
demonstrated a survival benefit after out of hospital cardiac arrest for females of
childbearing age.®” Akahane et al. analyzed the largest study sample to date, over 300,000
cardiac arrests from Japan over a 3-year time period. This study found a significant survival
benefit among females, although the presenting rhythm at the time of arrest was not included
as a confounding variable within their regression analysis. A subgroup analysis on patients
who had ventricular fibrillation or ventricular tachycardia upon presentation did not
demonstrate the same age dependant survival benefit that we have reported. Within this
subgroup of patients with shockable presenting rhythms, the youngest females of
childbearing age did not show a survival benefit after OHCA when compared to age-
matched males (20-29 years old) but a benefit in older females continued until the age of 80.
Although Kitamura et al. did not perform a subgroup analysis of patients with ventricular
tachycardia or ventricular fibrillation, they did include presenting rhythm within their
regression analysis and did not observe a survival benefit in older women. Further analysis
within the Japanese database is necessary to determine why there is observed variability in
these age groups before these results can be compared to our US population.

Although we have found results similar to the study by Kitamura et al, our research is the
first to examine the association between sex and age across multiple U.S. cities and from
vastly different healthcare settings and patient populations. The CARES patient population
was significantly more heterogeneous in terms of race and ethnicity and characteristics of
the EMS system as compared to the relatively homogenous Japanese population.® We found
that African-American and Hispanic patients were independently associated with a
decreased likelihood of survival (African American OR 0.80 (95% CI 0.69-0.93); Hispanic
OR 0.77, 95% CI 0.59-1.00) even after adjusting for patient and event characteristics. This
is consistent with prior research that has shown that racial disparities in survival exist in
OHCA and may be dependent on delays to recognition of cardiac arrest,21:22 decreased
likelihood of receiving CPR and having an AED used?1-27 and delays to thrombolytics and
cardiac catheterization.28-30 Future research, using CARES, will need to be conducted to
better understand the interaction between socioeconomics, race, and age on cardiac arrest
survival.

It has been postulated that the observed sex and age difference in survival may be related to
the elevated levels of female sex hormones in women of childbearing age.3! Basic science
research has shown that female estrogen and progesterone act directly on vascular
endothelial cells to decrease the development of cerebral edema, decrease the inflammatory-
cascade, and have a protective effect on the neuronal and cardiac systems, thus leading to
reduced reperfusion injury and post-cardiac arrest fatality.®~14 The possible neuroprotective
role of female sex hormones is currently being studied in the setting of traumatic brain
injury, stroke, global cerebral ischemia, and spinal cord injury. While there are phase 11
clinical trials underway using a single dose of estrogen for both traumatic brain injury and
hemorrhagic shock, there has only been one large Phase |11 multi-centered, randomized
clinical controlled trial conducted to assess the effect of progesterone on neurological
outcomes from traumatic brain injury.32 In cardiac arrest, there have been no published
clinical trials conducted in humans that examine the efficacy of female hormones on cardiac
arrest survival. The growing body of evidence suggests that the role of female sex hormones
may be a promising area of research in resuscitation science.

Our study has several potential limitations. The CARES registry includes patients with non-
traumatic out-of-hospital arrest for whom CPR was performed and alternative (i.e., non-
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cardiac) causes of the arrest cannot be clearly demonstrated. Because CARES does not
include specific variables related to etiology, it is possible that our results reflected young
females arresting from causes that are inherently more survivable and not due to a protective
effect of female sex hormones. For example, young females are more likely to develop
venous embolic disease,33 attempt suicide by non-traumatic mechanisms,3435 or be at risk
for complications related to pregnancy (e.g., ectopic pregnancy). These etiologies may be
associated with higher survival than etiologies of primary cardiac origin. Additionally, the
12-49 years of age cohort included a larger male to female ratio than the 50 years of age and
older cohort. This may reflect differential selection bias between the two groups, or may
suggest that female hormones in and of themselves contribute to the prevention of cardiac
arrest.

We were also unable to collect hormone levels at the time of cardiac arrest within our study
population, and therefore cannot draw direct comparisons between serum hormone
concentrations and survival. A limitation of the dataset is that individual-level race/ethnicity
was missing or coded as “unknown” in approximately 24% of the sample; as such, we chose
to impute race/ethnicity rather than to systematically restrict the dataset or categorize these
data as “unknown”. Multiple imputation has been shown to be an appropriate statistical
approach for handling data in similar instances. Also, due to the limitations of how CARES
data are collected, we were not able to account for response intervals, presence of
comorbidities, or EMS/hospital treatments that may have contributed to survival. However,
we did use hierarchical modeling to help adjust for underlying variations within
communities included in this study.

5. Conclusion

This is the first study to be conducted across multiple sites in the U.S., composed of
heterogeneous racial/ethnic populations, that shows a significant association between age,
sex, race/ethnicity and survival to hospital discharge. Further research needs to be conducted
on the pathophysiologic mechanisms of age and sex in OHCA, including the potential use of
female sex hormones as a pharmacologic intervention to increase the dismal rate of survival
from cardiac arrest.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Final sample.

Resuscitation. Author manuscript; available in PMC 2014 May 01.




duasnuely Joyiny vVd-HIN 1duosnuey JoyIny vd-HIN

duasnuely Joyiny vd-HIN

Johnson et al.

Male

Page 11

Female
3 o
~ 0
o o
28 5 81
c c
Q (0]
= =5
o o
o o
w3 uw 3
Y N
(=2 o
0 60 0

Age

Fig. 2.
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Characteristics of patients with out-of-hospital cardiac arrest stratified by gender (n=19,398).

Table 1

Characteristics

Female (n = 7653)

Male (n = 11,745)

n (%) n (%)

Median age (IQR) 69 (56-82) 63 (52-75)
Race/ethnicity?

Black 2483 (32.4) 2950 (25.1)

Hispanic 349 (4.6) 688 (5.9)

White 2812 (36.7) 4807 (40.9)

Other 186 (2.4) 302 (2.6)
Witnessed by bystander? 3429 (44.8) 5861 (49.9)
Witnessed by EMS€ 869 (11.4) 1217 (10.4)
Arrest in public location? 549 (7.2) 1934 (16.5)
Bystander CPR 2545 (33.3) 3961 (33.7)
public AED used€ 2003 (26.2) 3489 (29.7)
Initial rhythm/

Asystole 3772 (49.3) 4953 (42.2)

Pulseless electrical activity 1644 (21.5) 2062 (17.6)

VT/VF or unknown but shockable 1263 (16.5) 3344 (28.5)

Unknown but not shockable 967 (12.6) 1379 (11.7)
Return of spontaneous circulation 2673 (34.9) 3789 (32.3)
Survived to hospital discharge 588 (7.7) 1159 (9.9)

Abbreviations: EMS = emergency medical services; CPR = cardiopulmonary resuscitation; AED = automated external defibrillator; VT =

ventricular tachycardia; VF = ventricular fibrillation.

aUnknown/missing: females 1823 (23.8%), males 2998 (25.5%).

bUnknown/missing: females 2 (0%), males 2 (0%).

cUnknown/missing: females 1 (0%), males 1 (0%).

dUnknown/missing: females 151 (2.0%), males 350 (3.0%).

eUnknown/missing: females 3 (0%), males 2 (0%).

fUnknown/missing: females 7 (0.1%), males 7 (0.1%).
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