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Background: Bystander cardiopulmonary resuscitation (B-CPR) delivery and survival from out-

of-hospital cardiac arrest (OHCA) varies at the neighborhood level, with lower survival seen in 

predominantly Black neighborhoods. Despite Hispanics being the fastest growing minority 

population in the US, few studies have assessed whether the proportion of Hispanics in a 

neighborhood is associated with B-CPR delivery and survival from OHCA. We assessed whether 

B-CPR rates and survival vary by neighborhood-level ethnicity. We hypothesized that 

neighborhoods with a higher proportion of Hispanics have lower B-CPR rates and lower survival.

Methods: We conducted a retrospective cohort study, using data from the Resuscitation 

Outcomes Consortium (ROC) Epistry at US sites. Neighborhoods were classified by census tract, 

based on percentage of Hispanic residents: < 25%, 25%-50%, 51%-75%, or > 75%. We 

independently modeled the likelihood of receipt of B-CPR and survival by neighborhood-level 

ethnicity controlling for site and patient-level confounding characteristics.

Results: From 2011-2015, ROC collected 27,481 US arrest events; after excluding pediatric 

arrests, EMS-witnessed arrests, or arrests occurring in a healthcare or institutional facility, 18,927 

were included. B-CPR was administered in 37% of events. Among neighborhoods with <25% 

Hispanic residents, B-CPR was administered in 39% of events, while it was administered in 27% 

of events among neighborhoods with >75% Hispanic residents. Compared with <25% Hispanic 

neighborhoods in a multivariable analysis, OHCA in predominantly Hispanic neighborhoods had 

lower B-CPR rates (51%-75% Hispanic: OR: 0.79 (CI:0.65-0.95), p=0.014, >75% Hispanic: OR: 

0.72 (CI: 0.55-0.96), p=0.025) and lower rates of survival (global p-value: 0.029, >75% Hispanic: 

OR: 0.56 (CI: 0.34-0.93), p=0.023).

Conclusions: Individuals with OHCA in predominantly Hispanic neighborhoods were less 

likely to receive B-CPR and had lower likelihood of survival. These findings suggest an important 

need to understand the underlying disparities in CPR delivery and an unmet CPR training need 

among Hispanic communities.
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Introduction

Receipt of bystander CPR (B-CPR) improves a victim’s chance of survival from out-of-

hospital cardiac arrest (OHCA).1, 2 Studies have demonstrated that B-CPR rates are low in 

many US communities.3-5 The National Academy of Medicine and the American Heart 

Association have highlighted increasing B-CPR as a crucial national objective.6, 7

Recent investigations have demonstrated disparities in B-CPR rates by neighborhood-level 

characteristics, such as racial composition and socioeconomic status.8-12 A study conducted 

in North Carolina demonstrated that low B-CPR rates were associated with neighborhoods 

characterized by a higher percentages of Black residents and persons living in poverty 

(Black: OR, 3.73, 95% CI: 2.00–6.97, Poverty: OR, 1.77, 95% CI: 1.16–2.71).10 Despite 

Hispanics being the fastest growing minority population in the US, few studies have 

assessed whether the proportion of Hispanics in a neighborhood is associated with B-CPR 

delivery and survival from OHCA.13-15 Understanding the impact of neighborhood-level 
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Hispanic ethnicity on B-CPR delivery has the potential to inform future targeted initiatives 

to increase B-CPR delivery and improve outcomes from OHCA.

Using data from the OHCA registry Resuscitation Outcomes Consortium (ROC), a North 

American resuscitation research network, we conducted a retrospective cohort study to 

assess whether there is variation in B-CPR rates by neighborhood-level ethnicity. We 

hypothesized that neighborhoods with a higher proportion of Hispanics are associated with 

lower B-CPR rates and lower survival.

Methods

Study Design

We conducted a secondary retrospective analysis of a prospective study, examining 

differences in B-CPR rates and outcomes based on neighborhood-level ethnicity among 

adult, non-traumatic cardiac arrest events that occurred in the out-of-hospital setting. To 

assess these questions, we used clinical trial data collected prospectively by the U.S. sites of 

the ROC from April, 2011-June, 2015, including Alabama, Dallas, Milwaukee, San Diego, 

Pittsburgh, Portland, and Seattle-King County. The University of Pennsylvania Institutional 

Review Board reviewed the protocol and determined this study to be exempt from 

requirements for informed consent and additional review. The data and supporting statistical 

documentation is available on request from the authors.

Data Sources

ROC represented an NIH-funded clinical trial network focused on OHCA and traumatic 

injury, ending in 2015. Data were collected from Emergency Medical Services (EMS) 

agencies and maintained by a data coordinating center at the University of Washington. 

Since 2006, ROC collected data from 11 municipal regions in the US and Canada. Collected 

variables at the patient level included B-CPR (chest compression only or chest compressions 

with ventilations) and other time-sensitive OHCA data elements. ROC epidemiologic data 

have been reported in various clinical trial publications.16-18

To account for neighborhood characteristics, we used census tract estimates from the 2014 

American Community Survey conducted by the U.S. Census Bureau.19 The American 

Community Survey provides small area estimates (census tract) of areas formally surveyed 

via the decennial census long-form. Variables collected include census tract-level gender 

proportion, ethnicity proportion, median age, and median education and income. Hispanic 

ethnicity was self-reported and the variable does not differentiate whether the respondents 

identify as first generation or second generation.

Patient-level variables

Consistent with our prior work, we defined B-CPR by its delivery from a bystander prior to 

EMS arrival excluding CPR from law enforcement or EMS first responders.20 We excluded 

pediatric victims (age<18) and those who experienced OHCA from traumatic injury. We 

also excluded arrest events that occurred in a residential instutition (e.g. skilled nursing 

facility) or healthcare center and arrest events that were witnessed by EMS. Patient race and 
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ethnicity were modeled categorically; age was modelled as a continuous variable. Location 

of cardiac arrest was defined as non-public (i.e. home) or public (i.e. street/highway, public 

building, place of recreation, or other public location). Event time of day was grouped based 

on assumed daily activity consistent with other published studies (6:00am-8:59am, 

9:00am-3:59pm, 4:00pm-6:59pm, 7:00pm-10:59pm, and 11:00pm-5:59am).20, 21

There were 19,331 OHCA arrest events that fit our inclusion criteria. When excluding the 

404 events that occurred in census tracts that had only one or less OHCA to maintain data 

de-identification, the final analysis was conducted on 18,927 subjects.

Neighborhood-level variables

Census tract characteristics were included from the American Community Survey and added 

into the ROC dataset merging by census tracts. Since our primary exposure of interest was 

neighborhood-level Hispanic residents, neighborhoods were classified by census tract, based 

on percentage of Hispanic residents: < 25%, 25%−50%, 51%−75%, or > 75%. This 

classification was consistent with prior work.9

As a sensitivity analysis, we examined modeling percentage of individuals that lived in a 

census tract that identified as Hispanic as a continuous variable, and categorically by quartile 

(0–4.8%, 4.9%−11%, 11.1%−27.1%, 27.2%−97.3%). By doing so, we analyzed the data by 

distribution of number of Hispanics that lived in the community. Given prior studies, we 

reported the primary findings using ethnicity categories of <25%, 25%−50%. 51%−75%, 

and >75%.9

Statistical Analysis

We analyzed data using STATA 15.1 (Statacorp, College Station, TX). The dataset was not 

missing any data on the primary outcome or independent variable of interest. There was 

variation in rates of missing data among the secondary dependent variables from 0–4.8% 

with the exception of patient-level race and ethnicity which were missing 37.04% and 

29.16%, respectively. This degree of missing data is consistent with prior ROC studies 

where ascertainment of race was difficult in the prehospital setting during time-sensitive 

resuscitation of an unconscious victim.20 As a sensitivity analysis to examine the degree of 

bias introduced by the missing data, we used multivariate normal multiple imputation (“mi 

impute mvn” command in STATA) to impute the missing covariates of interest (50 

imputations), and rounded the imputed categorical variables of interest as appropriate (e.g. 

the number 2 was given to any value greater than 1.49 and less than or equal to 2.49).

Using logistic regression modeling, we analyzed whether there were differences in B-CPR 

rates and survival by neighborhood-level ethnicity. We built models for the likelihood of 

overall B-CPR delivery and survival. Patient-level variables with p<0.15 for association in a 

univariate analysis entered into a multivariable model. The final regression model included 

B-CPR, site, time of event, location of event, time of bystander calling to arrival of EMS, 

witness status, and patient demographics (age, race, ethnicity, gender). We included and 

modeled site as a fixed effect in the final regression equation. We used post-estimation 

methods to examine final regression model fit. As a secondary analysis, we examined the 

univariate, multivariable, and multiple imputation models for B-CPR rate and survival 
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independently and stratified by public and private locations. Additionally, as a secondary 

analysis, we included median household income as a covariate in our final regression model.

Results

Characteristics of OHCA events

Of the cohort, 6,948/18,927 (37%) received B-CPR, the mean age was 63.73±17.27, and 

11,957/18,914 (63%) of whom were male. Overall, 7,729/11,917 (65%) of the patients were 

White, 3,448/11,917 (29%) were Black, and 856/13,407 (6%) were Hispanic ethnicity, while 

13,890/18,927 (73%) of the cardiac arrests occurred in neighborhoods with <25% Hispanic 

ethnicity, and 2,697/18,927 (14%) occurred in neighborhoods with 25%−50% Hispanic 

ethnicity (Table 1). To examine differences in census tracts with varying percentages of 

Hispanic residents, we included a Supplemental Table 1.

Unadjusted analysis of B-CPR delivery and neighborhood ethnicity

In an unadjusted analysis, compared to neighborhoods of <25% Hispanic ethnicity, persons 

with OHCA in neighborhoods with 51%−75% Hispanic ethnicity had a 39% lower odds of 

receive B-CPR (OR: 0.61 (95% CI: 0.55–0.68) p<0.001), and those in neighborhoods with 

greater than 75% Hispanic ethnicity had a 40% lower odds of receiving B-CPR (OR: 0.60 

(95% CI: 0.50–0.71) p<0.001) (Table 2).

The sensitivity analyses modeling neighborhood ethnicity continuously and by quartiles 

yielded similar findings where increased percentage of neighborhood Hispanic ethnicity 

were associated with a decreased likelihood of receiving B-CPR.

Multivariable logistic regression of B-CPR and neighborhood ethnicity

In a multivariable logistic regression model using complete case analysis including patient-

level race and ethnicity, arrest time, location of arrest, and other potentially confounding 

variables, neighborhood Hispanic ethnicity was associated with decreased likelihood of 

receipt of B-CPR (global p-value = 0.026). Compared to those in <25% Hispanic 

neighborhoods, persons were less likely to receive B-CPR during OHCA in neighborhoods 

with 51%−75% Hispanic ethnicity (OR: 0.79 (95% CI: 0.65–0.95), p=0.014) and >75% 

Hispanic ethnicity (OR: 0.72 (95% CI: 0.55–0.96), p=0.025) (Table 2).

To account for missing patient-level data, we used multiple imputation as a sensitivity 

analysis to assess the association of neighborhood-level Hispanic ethnicity on likelihood of 

B-CPR. Similar to the complete case analysis, persons with OHCA in neighborhoods with 

51%−75% Hispanic ethnicity and >75% Hispanic ethnicity, were less likely to receive B-

CPR compared to those in <25% Hispanic neighborhoods (Supplemental Table 2). 

Furthermore, we explored the effect of median household income in this analysis and found 

similar results. (Supplemental Table 3).

Patient-level survival and neighborhood ethnicity

Overall, in a multivariable analysis, neighborhood-level Hispanic ethnicity was associated 

with a lower likelihood of patient’s survival to hospital discharge (global p-value=0.029). 
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Cardiac arrests that occurred in neighborhoods with >75% identified Hispanic ethnicity had 

a 44% lower likelihood of survival as compared to those that lived in neighborhoods with 

<25% reported Hispanic ethnicity (OR: 0.56 (95% CI: 0.34–0.93), p=0.023) (Table 3). 

These findings were similar when accounting for missing data using multiple imputation and 

including median household income (Supplemental Table 3 and Supplemental Table 4).

B-CPR rate, survival, and neighborhood ethnicity in public and private locations

In an unadjusted analysis of neighborhood ethnicity and B-CPR stratified by public and 

private locations, neighborhood-level Hispanic ethnicity was associated with a lower 

likelihood of B-CPR (global p-value <0.001, both). When controlling for confounding 

variables, the relationship between neighborhood ethnicity and B-CPR stratified by public 

and private locations were no longer significant (Table 4). We observed a similar relationship 

with neighborhood ethnicity and survival, stratified by private and public locations, possibly 

due to the small sample size (Table 5).

Discussion

Within the ROC OHCA database, a higher level of reported Hispanic ethnicity was 

associated with a lower likelihood of B-CPR, when compared to communities with a lower 

proportion of Hispanic ethnicity. A similar association was observed between survival to 

hospital discharge from OHCA and Hispanic ethnicity within these communities. Our 

findings have implications for developing targeted training programs and local initiatives to 

improve the frequency of B-CPR in Hispanic communities, which are the fastest growing 

minority group in the United States.

B-CPR and Hispanic Neighborhoods

Large disparities exist in both the provision of CPR and survival from OHCA across 

communities.8, 9, 13, 20 A recent study found that people living in low-income Black 

neighborhoods were much less likely to receive B-CPR compared to high-income White 

neighborhoods (OR: 0.49, 95% CI 0.41–0.58).8 Furthermore, a recent publication examining 

B-CPR and racial composition of neighborhoods, specifically Black residents, found that 

those with OHCA in predominantly Black neighborhoods had lower rates of B-CPR and 

significantly lower likelihood for survival compared with predominantly White 

neighborhoods (>75% Black: OR, 0.63, 95% CI: 0.50–0.79; p<0.01).9 Other studies have 

examined the relationship of B-CPR with socioeconomic status, characterized by education 

or income on a neighborhood census-level. For example, an investigation in North Carolina 

examined B-CPR and population composition finding that lower rates of B-CPR were 

associated with percent of individuals living in poverty (OR: 1.77, 95% CI: 1.16–2.71, per 

1% increase in patients living in poverty).10 While studies have examined neighborhood 

racial composition and socioeconomic status, to our knowledge, no study had specifically 

examined ethnicity, B-CPR and subsequent survival. Recent work has demonstrated higher 

rates of B-CPR in other non-US communities.2 Given the low B-CPR rate in the US, our 

work suggests an important need to increase CPR training in predominantly Hispanic 

communities, and a key opportunity to improve survival rates.
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Targeted CPR training for Hispanic communities

Recent studies have investigated barriers to B-CPR for residents in primarily Hispanic 

communities. For example, a qualitative investigation of residents in Denver, Colorado 

evaluated barriers to calling 911 and performing CPR for residents in primarily Hispanic, 

high-risk neighborhoods.22 One of the findings suggested the need to increase availability to 

tailored education in Spanish. Additionally, recent work from our team examined self-

identified ethnicity and automatic external defibrillator (AED) training prevalence in the US 

and found that self-identified Whites and Blacks were more likely to have AED training 

compared to Hispanics (OR: 1.90, 95% CI: 1.43–2.53 and OR: 1.73, 95% CI: 1.39–2.15, 

respectively).23 Combined with the findings from this current project, it is important to 

consider targeted training for Hispanic neighborhoods, communities, and populations to 

increase CPR and AED training and knowledge. A recent study demonstrated the feasibility 

and efficacy of targeted training for Hispanics at soccer matches.24 Future studies and public 

health initiatives should consider methods to provide the trainings with cultural competency 

and Spanish language considerations.

Considerations for Dispatch-assisted CPR and Hispanic communities

Another key element that may improve B-CPR provision and subsequent survival from 

OHCA in communities, is the provision of dispatch-CPR, in which CPR instructions are 

given by a trained dispatcher by telephone. Studies have demonstrated that the provision of 

D-CPR in communities is linked with increased survival from OHCA.25-27 Few studies have 

examined the barrier bystanders who call 9–1-1 may encounter with D-CPR if the bystander 

speaks Spanish and the dispatcher cannot provide instructions in Spanish.22, 28, 29 In prior 

work investigating Hispanic community key informants, subjects mentioned increasing the 

number of Spanish speaking 9–1-1 dispatchers for consideration of residents in Hispanic 

communities.22 In addition to investigating professional response to Hispanic victims of 

OHCA, future studies should examine both D-CPR and professional emergency response to 

OHCA in predominantly Hispanic neighborhoods to improve efforts in these communities.

Limitations

There are a number of limitations with our study, including that the study design was a 

secondary analysis of a larger prospective study. However, data were collected rigorously 

because of ongoing clinical trials such that the potential bias usually seen in a voluntary 

prospective registry was likely minimal. Some sites had few communities with >25% 

Hispanics which limited our ability to fully investigate the associations between survival and 

B-CPR and ethnic composition of the neighborhoods. Race and ethnicity variables had 

significant missing data, but to account for this we used multiple imputation to address the 

missingness. Findings were similar in the complete case analysis and multiple imputation 

datasets. We did not observe a difference when stratifying the data by public and private 

locations in a multivariable analysis but that may be due to the small sample size. Of 

additional interest is variation by gender, race, socioeconomic status, and ethnicity. 

Unfortunately, this analysis is limited by the small sample size in this dataset. Additionally, 

it is important to consider variation of B-CPR and survival by Hispanic ethnic sub-

populations. While we did not have the necessary information in this dataset, it would an 

Blewer et al. Page 7

Circulation. Author manuscript; available in PMC 2021 January 07.

H
ealth R

esearch A
lliance A

uthor M
anuscript

H
ealth R

esearch A
lliance A

uthor M
anuscript



interesting topic for future investigation. Lastly, we were unable to quantify the ethnicity or 

other demographic characteristics of bystanders, nor the frequency of D-CPR, thus, we were 

unable to provide insight as to the cause for these underline inequities. While challenging, 

future work should concentrate on assessing bystander characteristics in these particular 

neighborhoods.

Conclusions

Individuals in predominantly Hispanic neighborhoods were less likely to receive B-CPR and 

had a lower likelihood of survival to hospital discharge. These findings should inform future 

messaging around B-CPR and educational initiatives including the provision of D-CPR 

targeting largely Hispanic neighborhoods. More broadly, these findings suggest an important 

need to understand the reasons for these underlying disparities in CPR delivery, particularly 

in Hispanic neighborhoods.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CPR Cardiopulmonary resuscitation

B-CPR Bystander cardiopulmonary resuscitation

OHCA Out-of-hospital cardiac arrest

ROC Resuscitation Outcomes Consortium

EMS Emergency Medical Services

AED Automatic External Defibrillator

D-CPR Dispatch-CPR
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CLINICAL PERSPECTIVE

What is new?

• While Hispanics are the fastest growing minority population in the US, few 

studies have assessed whether the proportion of Hispanics in a neighborhood 

is associated with bystander CPR delivery and survival from out-of-hospital 

cardiac arrest.

• We assessed whether bystander CPR rates and survival vary by neighborhood-

level ethnicity and found that individuals with out-of-hospital cardiac arrest in 

predominantly Hispanic neighborhoods were less likely to receive bystander 

CPR and had lower likelihood of survival.

What are the clinical implications?

• This study highlights a potential unmet CPR training need and the importance 

of researching provision of dispatch-assisted CPR within largely Hispanic 

neighborhoods.

• Furthermore, these findings suggest an important need to understand the 

underlying disparities in CPR delivery within predominently Hispanic 

communities.
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