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Abstract

Background: Approximately 1,000 out-of-hospital cardiac arrest (OHCA) occur each day in the 

United States. Although sex differences exist for other cardiovascular conditions such as stroke 

and acute myocardial infarction, they are less well understood for OHCA. Specifically, the extent 

to which neurological and survival outcomes after OHCA differ between men and women remains 

poorly characterized in the U.S.

Methods and Results: Within the national Cardiac Arrest Registry to Enhance Survival 

(CARES) registry, we identified 326,138 adults with an OHCA from 2013–2019. Using 

multivariable logistic regression, we evaluated for sex differences in rates of survival to hospital 

admission, survival to hospital discharge, and favorable neurological outcome (i.e., without severe 

neurological disability), adjusted for demographics, cardiac arrest characteristics and bystander 

interventions. Overall, 117,281 (36%) patients were women. Median age was 62 and 65 years 

for men and women, respectively. An initial shockable rhythm (25.1% vs 14.7%, standardized 
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difference of 0.26) and an arrest in a public location (22.2% vs. 11.3%; standardized difference 

of 0.30) were more common in men, but there were no meaningful sex differences in rates 

of witnessed arrests, bystander cardiopulmonary resuscitation, intra-venous access, or use of 

mechanical devices for delivering cardiopulmonary resuscitation. Overall, the unadjusted rates 

of all survival outcomes were similar between men and women: survival to hospital admission 

(27.0% for men vs. 27.9% for women, standardized difference of −0.02), survival to hospital 

discharge (10.5% for men vs. 8.6% for women, standardized difference of 0.07), and favorable 

neurological survival (9.0% for men vs. 6.6% for women, standardized difference of 0.09). After 

multivariable adjustment, however, men were less likely to survive to hospital admission (adjusted 

OR= 0.75, 95% CI: 0.73, 0.77), survive to hospital discharge (adjusted OR= 0.83, 95% CI: 0.80, 

0.85), or have favorable neurological survival (adjusted OR= 0.88, 95% CI: 0.85, 0.91).

Conclusions: Compared to women, men with OHCA have more favorable cardiac arrest 

characteristics but were less likely to survive to hospital admission, survive to discharge, or have 

favorable neurological survival.
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is common in the United States, affecting nearly 

1000 adults daily.1 Despite two decades of advances in resuscitation interventions, overall 

rates of survival to hospital discharge after OHCA have remained low at 10.4%, with 

favorable neurological survival at hospital discharge at 8.4%.1 Although men are known to 

have a higher OHCA incidence than women2–5, it remains unclear to what extent there may 

be sex differences in neurological and survival outcomes after OHCA.

Previous studies have assessed for sex differences in OHCA treatment and survival. The 

results of these studies have been inconsistent, partly due to differences in study design and 

scope. Some have shown that women have higher rates of survival to hospital discharge 

than men. 6–9 Other studies have reported that women have lower survival rates to hospital 

discharge as compared with men. 3,10–12 Furthermore, few studies have evaluated sex 

differences in rates of favorable neurological survival after OHCA—arguably the most 

important outcome for patients and their families13. Those that have were outside the 

United States 11,14,15 and they either had relatively small sample sizes8,11,16–18, or evaluated 

rates of favorable neurological survival only among those surviving to hospital admission 

which can be misleading if there are sex differences in survival to hospital admission after 

OHCA.5,17–19

Accordingly, we leveraged data from the largest U.S.-based registry on OHCA to evaluate 

for sex differences in rates of favorable neurological survival, as well as rates of survival to 

hospital admission and to hospital discharge.
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METHODS

Data source and Study Population

The Cardiac Arrest Registry to Enhance Survival (CARES) registry is the largest, ongoing 

surveillance registry for OHCA in the United States, encompassing a broad population 

and thereby providing nationally representative epidemiological estimates. Presently, the 

catchment area of CARES in the U.S. is approximately 152 million people (or 46% 

of the U.S. population) across 28 states. For this study, we had a total of 457,621 non­

traumatic, EMS attempted resuscitation, OHCA cases registered in CARES from January 

1, 2013 to December 31, 2019 (Figure 1). We excluded 2,495 incomplete cases and 

restricted our final analytical sample to 455,126 cases that had complete record of age, 

sex, shockable, witnessed arrest, bystander cardiopulmonary resuscitation (CPR), automated 

external defibrillator (AED), location, year of arrest and survival (survival to hospital 

admission, survival to hospital discharge and neurological survival). We excluded 12,300 

pediatric cases under 18 years of age. As we were interested in OHCAs that were not in 

healthcare associated settings or had the advantage of a healthcare professional, we also 

excluded 55,364 cases witnessed by emergency medical service (EMS) providers and 61,324 

occurring in nursing homes or healthcare facilities. Our final study cohort was comprised of 

326,138 adults with an OHCA regardless of etiology. The study measures and details on the 

design of the CARES registry and data elements have been described previously.20

Study outcomes

The primary outcome was favorable neurological outcome at hospital discharge, which 

was defined as survival at discharge with a cerebral performance category (CPC) score 

of 1 or 2, which denotes survival without severe neurological disability.21 This outcome 

ensures meaningful survival of OHCA patients, as it connotes sufficient function to remain 

independent with the activities of daily living.22 We also evaluated as secondary outcomes, 

survival to hospital admission and survival to hospital discharge. Measuring survival to 

hospital admission allows us to better understand whether any observed sex differences in 

the primary outcome may be due to sex differences in the prehospital phase of care.

Statistical analysis

Sample descriptive statistics by sex are presented as medians with interquartile range (IQR) 

for continuous variables and counts (with percentage distributions) for categorical variables. 

Due to the large sample size, standardized differences were computed to assess for sex 

differences in baseline characteristics, with a standardized difference of >0.10 denoting a 

meaningful difference.23

To evaluate for sex differences in our primary outcome of favorable neurological survival, 

we constructed a multivariable logistic regression model using generalized estimating 

equations (GEE) with logit link estimates to account for patient outcomes clustered within 

EMS agencies. Women were the reference category in all analyses. Besides patient sex, the 

model controlled for other demographic and cardiac arrest characteristics, including age, 

race/ethnicity, witnessed arrest status, private vs public location, initial presenting rhythm, 

if AED shock was applied before EMS arrival, presumed etiology of the cardiac arrest, and 
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whether bystander CPR was administered. We also included calendar year of the cardiac 

arrest to control for any temporal trends. Additionally, we examined for interactions between 

sex and all model covariates. Specifically, we performed a sex by age interaction analysis 

to evaluate sex differences as a function of age, with age stratified by age ˂ 50 and ≥ 50 

for all three outcome measures. As a sensitivity analysis, we repeated our analyses to only 

those patients with a presumed cardiac etiology to their OHCA and for those patients with a 

witnessed OHCA.

For our secondary outcomes of survival to hospital admission and survival to hospital 

discharge, we constructed separate multivariable logistic regression models for each of 

these outcome measures. Furthermore, if there were sex differences in overall survival to 

discharge, we explored differences in overall survival for two phases of care—survival 

to hospital admission and, among those who survived to hospital admission, survival to 

hospital discharge. Evaluating for sex differences in these two phases would allow us to 

better characterize whether differences in rates of survival to discharge were due to sex 

differences in prehospital survival or in-hospital survival. All analyses were evaluated at a 

2-sided significance level of 0.05 and were performed using SAS version 9.4 (SAS institute, 

Cary, NC).

Ethics approval: This study was approved by the Institutional Review Board at University of 

Illinois at Chicago and was determined to be non human subject research.

RESULTS

Among 326,138 adults with OHCA that were included in this study, 208,857 (64%) were 

men and 117,281 (36%) were women. Table 1 displays the distribution of demographic, 

cardiac arrest, and clinical characteristics by sex. Men were younger than women, with 

a median age of 62 and 65, respectively. In our sample, 20.9% (24,494) of women and 

21.8% (45,609) of men were less than 50 years of age. Black patients comprised a smaller 

proportion of men than women. Men were more likely to have certain prehospital factors 

favoring survival as compared with women, including shockable rhythm (25% vs. 15%; 

standardized difference, 0.26), AED shock prior to EMS arrival (10% vs. 5%, standardized 

difference, 0.18), and public location of arrest (22% vs. 11%; standardized difference, 0.30). 

However, there were no meaningful differences in rates of bystander witnessed arrest (46% 

vs. 41%) or bystander CPR (40% vs. 38%).

We further explored sex differences in modifiable prehospital care interventions. There 

were no significant differences in rates of advanced airway placed, impedance threshold 

device (ITD) used, or 12-lead electrocardiogram (EKG) obtained, CPR feedback device 

used, mechanical CPR device used, and drugs administered between men and women (Table 

1). However, there were statistically significant (p < 0.0001) sex differences in rates of 

vascular access between men and women with a standardized difference of 0.13 (Table 1), 

with men having higher likelihood of receiving intravenous lines (38% vs 32%, standardized 

difference of 0.12) and lower likelihood of intraosseous catheter placement (48% vs 53%, 

standardized difference of 0.10) compared to women.
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Survival Outcomes

Overall, 10,043 (8.6%) women and 21,972 (10.5%) men survived to hospital discharge, 

and 7,728 (6.6%) women and 18,708 (9.0%) men had favorable neurological outcome, 

with similar unadjusted rates for both outcomes between men and women (standardized 

differences of 0.07 and 0.09, respectively) (Table 2). After accounting for baseline 

differences and within-cluster correlation, compared to women, men had 17% lower odds 

of surviving to hospital discharge (adjusted OR= 0.83, 95% CI: 0.80–0.85) and 12% lower 

odds of favorable neurological survival (adjusted OR= 0.88, 95% CI: 0.85–0.91) (Table 2). 

This difference persisted when the analyses were restricted to OHCA with presumed cardiac 

etiology cases, which constituted 85.1% of the entire study cohort (for survival to hospital 

admission adjusted OR 0.76; 95% CI: 0.75–0.78; survival to hospital discharge adjusted 

OR 0.83; 95% CI: 0.80 – 0.87; for favorable neurological survival adjusted OR 0.88; 95% 

CI: 0.85–0.92). When the sample was restricted to those with a bystander witnessed arrest, 

which was 44.1% of the study cohort, for all three outcome measures, the sex difference 

persisted (survival to hospital admission adjusted OR =0.74 (95% CI 0.72 – 0.76); for 

survival to hospital discharge adjusted OR = 0.83 (95% CI 0.80 – 0.87); and for favorable 

neurological survival adjusted OR = 0.88 (95% CI: 0.85 – 0.92).

To better understand whether sex differences were due to differences in rates of survival 

to hospital admission or survival to discharge among those survived to hospital admission, 

we conducted additional analyses for these 2 phases of OHCA resuscitation care. When 

examining survival to hospital admission, 32,746 (28%) women survived to hospital 

admission as compared with 56,279 (27%) men (see Table 2). After multivariable 

adjustment, men had 25% lower odds of surviving to hospital admission (adjusted OR= 

0.75, 95% CI: 0.73–0.77). When the logistic regression model was further adjusted for 

vascular access, it did not attenuate or eliminate the sex difference in survival to hospital 

admission (data not shown). Of the 89,025 OHCA patients who survived to hospital 

admission, men and women had no significant differences in survival to hospital discharge 

(adjusted OR= 0.98, 95% CI: 0.95–1.02) and favorable neurological survival (OR= 1.03, 

95% CI: 0.99, 1.07) after accounting for baseline differences and in-hospital treatment with 

targeted temperature management and coronary angiography.

Interaction Analysis

The results of the models assessing interaction between covariates and sex variable, for each 

of the survival outcomes, are presented in Table 3. There were significant interactions by 

sex with age, bystander CPR, and cardiac etiology for all three of the survival outcomes. 

In each stratum of the interaction (e.g., younger vs. older patients), men consistently had 

lower odds of survival. The sex difference was more pronounced among younger patients (< 

50 years of age), those not receiving bystander CPR, and among those classified as without 

a presumed cardiac arrest etiology. When we plotted the predicted probabilities for men 

and women across the age spectrum for each outcome measure (Figure 2a-c), men were 

less likely to survive to hospital discharge than women across the entire age spectrum and 

less likely to have favorable neurological survival until approximately age 70. There was a 

more pronounced survival difference in younger patients but the sex difference in survival 

outcomes remained for older patients, even above 55 years of age (Figure 2a-c).
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DISCUSSION

Using the largest US-based national registry of OHCA, our study found that men were twice 

as likely to experience OHCA as women and were less likely to survive to hospital discharge 

and less likely to survive without severe neurological disability. Although men survive at 

a higher rate than women and have more favorable cardiac arrest prognostic characteristics 

than women, when adjusted for potential confounders, the odds of survival for OHCA were 

lower for men than women. Lower overall survival rates in men were driven by lower rates 

of survival to hospital admission, as rates of survival to discharge among those who survived 

to hospital admission were similar between men and women. Collectively, our findings 

provide important insights into the sex differences in OHCA survival.

To date, our study is the largest in the world to evaluate for neurological outcome differences 

of OHCA by sex. There have been some studies which have evaluated sex differences 

in survival to hospital discharge after OHCA. The majority have been smaller in sample 

size and have reported conflicting results, with some showing that men have lower rates 

of survival to discharge than women6–8 while others have not.3,10,11,24 Our study extends 

the findings of prior studies by evaluating both survival to hospital discharge and favorable 

neurological survival from the time of cardiac arrest, as well as evaluating which phase of 

resuscitation care accounted for observed sex differences. We found that sex differences in 

survival were driven primarily by lower rates of prehospital survival among men, as there 

were no sex differences in overall survival and favorable neurological survival between men 

and women who survived to hospital admission. We did find some differences in prehospital 

care, such as vascular access differences between men and women, but sex differences 

in rates of survival to hospital admission persisted after adjusting for these measured 

process factors. Thus, sex differences in survival rates to hospital admission is either due 

to unmeasured illness severity between men and women, other unmeasured prehospital 

treatment differences, or variability in inherent sex-specific injury responses.

Prior studies have not routinely reported sex differences in favorable neurological survival. 

Although a handful of smaller studies in the U.S. have reported on sex differences in 

favorable neurological discharge, these have typically evaluated for sex differences from the 

time of hospital admission or in those with return of spontaneous circulation. 5,17,19 Prior 

study findings may be misleading if men are less likely to survive to hospital admission, as 

was demonstrated in this study. Our study was demographically representative of the U.S. 

and found that men were less likely to have favorable neurological survival than women 

when measured from the time of initial OHCA, and this difference was driven by lower rates 

of survival to hospital admission. Several large Asian studies have found no sex differences 

in rates of neurological survival between men and women11,14,15. The results from these 

population-based studies may be difficult to translate to the United States, as differences 

in pre-hospital care protocols and comorbidities between men and women by region may 

account for these differing results.

Previously, Johnson and colleagues had proposed that sex differences in rates of survival 

to discharge after OHCA may be restricted only to patients under 55 years of age with 

no differences in survival among those older than 55.9 As a result, several theories have 
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been proposed as to why women may have higher rates of survival than men after OHCA, 

including the potential benefits of estrogen 8,25–27 and a genetic protective loci on the X 

chromosome. 28 Others have proposed that physiologic differences exist between the sexes 
29 and potentially higher quality CPR occur in women due to smaller chest cavities. 30 Our 

analysis found men to have a lower likelihood of survival to hospital admission, survival to 

hospital discharge, and favorable neurological survival, regardless of age strata. Our findings 

using the same CARES registry as Johnson et al. suggests that the prior study was likely 

less representative for the population over 55 years of age. In our study sample, which was 

more than 10 times the size of the earlier study, we found no meaningful interaction between 

age and sex for the outcome of survival to hospital discharge. In addition, when age was 

removed from the logistic regression models, the odds ratios for all the outcome measures 

did not change significantly.

Overall, our study indicates that men have lower rates of favorable neurological survival 

than women. The sex differences in OHCA functional neurological survival found in our 

analysis provides an epidemiological basis to further investigate the pathophysiological 

pathways associated with sex, and ultimately better inform resuscitation care to improve 

survival outcomes for both men and women.

Our study should be interpreted in the context of the following limitations. Detailed 

information on comorbidities and illness severity, as well as socioeconomic status, was 

not available and could explain observed sex differences for our survival outcomes.31,32 

Our study was restricted to the outcomes of survival to hospital admission, survival 

to hospital discharge, and favorable neurological discharge. We were unable to assess 

whether sex differences persisted after hospital discharge as CARES does not routinely 

collect information on survivors of OHCA. Also, CARES does not collect many variables 

on hospital interventions. As such, we did not have information on intensive care unit 

interventions, rates of withdrawal of life support treatment and do not resuscitate orders for 

men and women. However, as survival did not differ between men and women for the subset 

of patients who survived to hospital admission, these variables would be unlikely to affect 

our findings from the time of OHCA.

The strength of this study lies in the large sample size and the representation of the 

United States population. Our database represents an ethnically diverse population across 

the spectrum of settings from urban to rural. In contrast to prior registry studies, which have 

been limited by scope and sample sizes, our study did not restrict analyses to only those 

patients who survived to hospital admission, which would have yielded different results.

Conclusion:

In a large US-based national registry of OHCA, we found that men were less likely 

to survive to hospital discharge or have favorable neurological outcome across the age 

spectrum after adjusting for covariates. Lower overall survival rates for OHCA in men were 

driven by lower rates of survival to hospital admission.
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Figure 1. Consort Diagram Showing the Final Analytic Sample
**Completed cases are those that had complete record of age, sex, shockable, witnessed 

arrest, BCPR, AED, location, year of arrest and survival (survival to hospital admission, 

survival to hospital discharge and neurological survival).

The categories are excluded in sequence. First, ages<18 were excluded, then all 911 

witnessed arrests and then the nursing homes were excluded from the complete data.
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Figures 2a-c. 
Predicted Probabilities for Men and Women across the Age Spectrum for each Outcome 

Measure
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Table 1:

Distribution of Demographic and Clinical Characteristics by Sex in Patients with OHCA

Characteristic Total (N= 326,138) 
n (%)

Men (N= 208,857) n 
(%)

Women (N= 
117,281) n (%)

Standardized 
Difference

Age in years, median (IQR) 63 (23) 62 (22) 65 (25) 0.126

Race 0.151

  Black 66,141 (20.3%) 37,808 (18.1%) 28,333 (24.2%) 0.149

  White 160,298 (49.2%) 105,922 (50.7%) 54,376 (46.4%) 0.087

  Hispanic 19,520 (6.0%) 13,002 (6.2%) 6,518 (5.6%) 0.028

  Other 9,976 (3.0%) 6,304 (3.0%) 3,672 (3.1%) 0.006

  Unknown 70,203 (21.5%) 45,821 (21.9%) 24,382 (20.8%) 0.028

Initial shockable rhythm 69,633 (21.4%) 52,375 (25.1%) 17,258 (14.7%) 0.262

Bystander Witnessed 143,959 (44.1%) 95,411 (45.6%) 48,548 (41.4%) 0.087

Bystander CPR initiated 127,699 (39.2%) 83,215 (39.8%) 44,484 (37.9%) 0.039

Automated External Defibrillator 
applied prior to EMS arrival

96,840 (29.7%) 64,544 (30.9%) 32,296 (27.5%) 0.074

Automated External Defibrillator shock 
delivered prior to EMS arrival

27,373 (8.4%) 21,178 (10.1%) 6,195 (5.3%) 0.183

Public location of Arrest 59,738 (18.3%) 46,479 (22.2%) 13,259 (11.3%) 0.296

Presumed Cardiac Etiology 277,628 (85.1%) 179,669 (86.0%) 97,959 (83.5%) 0.070

Mechanical CPR Device Used 75,473 (28.5%) 49,073 (28.8%) 26,400 (27.9%) 0.022

Automated CPR Feedback Device Used 46,824 (18.3%) 30,403 (18.5%) 16,421 (17.9%) 0.015

Advanced Airway Successfully Placed 213,197 (79.4%) 136,821 (79.4%) 76,376 (79.4%) 0.002

Impedance threshold device used 46,906 (18.1%) 30,193 (18.2%) 16,713 (18.1%) 0.003

Were Drugs Administered 261,279 (92.2%) 168,049 (92.5%) 93,230 (91.8%) 0.025

Vascular Access 0.130

 IO (intraosseous catheter) 135,506 (49.6%) 83,829 (47.8%) 51,677 (52.7%) 0.099

 IV (intravenous catheter) 98,015 (35.8%) 66,440 (37.9%) 31,575 (32.2%) 0.119

IO_IV (intraosseous & intravenous 
catheter)

22,456 (8.2%) 14,637 (8.3%) 7,819 (8.0%) 0.013

 No_IV(no IV access) 17,448 (6.4%) 10,506 (6.0%) 6,942 (7.1%) 0.044

12-Lead electrocardiogram (ECG) 
placed

51,074 (19.5%) 32,532 (19.3%) 18,542 (19.7%) 0.010
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