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Abstract

Context—Bystander cardiopulmonary resuscitation (CPR) improves the likelihood of surviving 

out-of-hospital cardiac arrest (OHCA), yet treatment rates differ by a community’s racial and 

income composition.

Objective—To determine if CPR training differs by the race and income of communities across 

the United States (U.S.).

Design, Setting, and Participants—We analyzed county-level CPR training rates from 

2010–2011 using CPR training data from the American Heart Association, the American Red 

Cross, and the Health and Safety Institute. We utilized multivariable logistic regression models to 

examine the association of annual adult CPR training rates with a county’s proportion of black 

residents and median household income (categorized as tertiles), as well as other demographic, 

geographic, and healthcare characteristics.

Main Outcome Measure—CPR training rate.

Results—From 07/01/2010–06/30/2011, 13.1 million persons in 3143 U.S. counties received 

CPR training. The median county training rate ranged from 0.00%–1.29% (median=0.51%) in the 

lower tertile, 1.29%–4.07% (median=2.39%) in the middle tertile, and >4.07% (median=6.81%) in 

the upper tertile. Counties that were most likely to have CPR training rates in the lower tertile 

included those with a higher proportion of rural (odds ratio [OR] 1.12, 95% confidence interval 

[CI] 1.10, 1.15 per 5 percentage point [PP] change), black (OR 1.09, 95% CI 1.06, 1.13 per 5 PP 

change), and Hispanic residents (OR 1.06, 95% CI 1.02, 1.11 per 5 PP change); those with a lower 

median household income (OR 1.18, 95% CI 1.04, 1.34 per $10,000 decrease); those with a higher 

median age (OR 1.28, 95% CI 1.04, 1.53 per 10 year change); and those located in the South.
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Conclusions—Counties with a higher proportion of rural, black, Hispanic, and lower income 

residents had lower CPR training rates. Differences in CPR training by race and income may 

contribute to recognized disparities in bystander CPR treatment and OHCA survival, and offer 

opportunities for future community interventions.
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More than 350,000 Americans experience out-of-hospital cardiac arrest (OHCA) each year.1 

In most United States (U.S.) communities, overall survival has remained 7%–9% per year 

for the past thirty years.2–5 Significant racial, ethnic, and socioeconomic disparities exist for 

OHCA incidence, treatment, and outcomes for individuals and communities.2,6–11 Early use 

of bystander cardiopulmonary resuscitation (CPR) is critical to surviving OHCA, but its use 

varies significantly from 10%–65% in observational cohorts.2,4,12–14 Blacks7,15 and low 

income individuals9,12 with OHCA are significantly less likely to receive bystander CPR. 

Furthermore, people with an OHCA event that occurs in predominantly black low income 

neighborhoods are the least likely group to receive bystander CPR treatment, compared with 

other racial and income neighborhood groups.14 A recent American Heart Association 

(AHA) consensus statement called for an increase in bystander CPR training among 

communities.16 Currently, very little is known about CPR training patterns in the U.S., but 

this information could be invaluable for understanding how to increase bystander CPR rates.

We believe our study is the first to use unique data from several major U.S. CPR training 

programs, sponsored by the AHA, the American Red Cross (ARC), and the Health and 

Safety Institute (HSI), to examine patterns of annual CPR training in the U.S. We also 

examined the degree to which county demographic, geographic, and healthcare factors were 

associated with low CPR training rates. We hypothesized that CPR training rates would be 

significantly lower among communities with a greater proportion of black and low income 

residents.

METHODS

Data Sources

For this study, we utilized data from the AHA, ARC, and HSI to determine CPR training 

rates throughout the U.S. To access this information, data use agreements were obtained 

according to Duke University research practices. Training data from the AHA, which were 

available at the county-level, were based on course completion cards and community CPR 

products sold in the U.S. Since 97% of the AHA training data were course completion cards 

that are distributed to a single individual (for advance cardiac life support [ACLS], pediatric 

advanced life support [PALS], basic life support [BLS], or HeartSaver [workplace 

training]), we assumed one card sold equated to one person trained. The AHA also has two 

community-based CPR products: (1) the Family and Friends CPR Course; and (2) the 

Family & Friends® CPR Anytime® Personal Learning Program (a home training kit). For 

the Family and Friends CPR Course, a book is distributed to participants; therefore, we 
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assumed that one book sold equated to one person trained. For the Family & Friends CPR 

Anytime Personal Learning Program, a training kit is provided; it is estimated that 2.5 

persons are trained per kit. As a result, the AHA standardly applies a multiplier of 2.5 to 

each kit sold in order to estimate regional training.17,18

The ARC database tracks persons trained in CPR; these data are collected by 616 regional 

offices, are maintained by the National Headquarters (http://www.redcross.org/find-your-

local-chapter), are available at the zip code-level, and are largely divided by professional 

(CPR/Automated External Defibrillator [AED] for Professional Rescuer and Health Care 

Provider) versus lay (First Aid/CPR/AED) rescuer programs. The professional program 

provides BLS training, whereas the lay rescuer program provides certification for the work 

place and for lay responders who require certification.

Data that we obtained from HSI were based on product sales data distributed to regions in 

the U.S. The HSI is comprised of two training companies: the American Health and Safety 

Institute and Medic FirstAid. All HSI products are based on certification cards; therefore, we 

assumed that one product sold equated to one person trained. Training is based on lay person 

BLS, PALS, and ACLS certifications. The lay training program is largely based on 

workplace training. These data were available at the zip code-level.

For the primary analysis, we assumed that persons trained in ACLS or PALS concomitantly 

received BLS training in the same year, so in order to limit the chances of a single 

individual’s training being counted twice, we excluded ACLS and PALS training provided 

by the AHA and HSI. We did not apply these exclusions to the ARC, since BLS training is 

the most advanced level of training offered by this organization. To account for alternate 

possibilities, we performed a sensitivity analysis, which included the entire dataset of ACLS 

and PALS.

County-level demographic, geographic, and healthcare information were obtained from the 

Area Resource File19, the 2010 Decennial Census, and the Centers for Disease Control. 

Similar to Census data, Area Resource File data were not collected in the same year (e.g., 

percent rural data were collected in the year 2000, hospital data in 2007, and physician data 

in 2008).

Definitions

Cardiopulmonary resuscitation training rates for each county were calculated as the 

estimated number of residents trained by the AHA, ARC, and the HSI, divided by the 

overall county population that was between 15 and 80 years of age. We chose this age group 

in order to exclude children and the elderly, as they would not typically be targets of CPR 

educational programs. We considered all counties in each of the 50 U.S. states, as well as 

Washington, DC. We excluded counties in Puerto Rico and the U.S. Virgin Islands. We also 

excluded AHA and ARC training data that could not be mapped to a specific county or zip 

code (13.1% of the dataset).
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Statistical Analysis

We defined tertiles by consecutively ordering counties (based on CPR training rates) from 

the lowest to highest. We then grouped our findings into three tertiles (lower, middle, and 

upper). A chloropelth map was created using county-level concentrations of CPR training by 

tertiles.

We compared county-level characteristics across tertiles. A Pearson χ2 test was used for all 

categorical variables; a Wilcoxon Rank Sum test was used for continuous and ordinal 

variables. To account for outliers, counties with CPR training rates >15% were truncated at 

15% (3.3% of the primary analysis dataset)—the point at which only a few counties were 

represented in each training rate category. This cut-point was determined after examining 

the training rate histogram.

Logistic regression modeling was used to determine if black race and median household 

income were associated with counties in the lower tertile of CPR training rates. Other 

variables included in the analysis were sex, age, race (aside from black) and ethnicity, 

percent education attainment, percent rural population, heart disease mortality, number of 

physicians, and region. Poverty and geographic densities were not included in the final 

model due to high correlation to median household income and rural population, 

respectively. Rate and income variables in the regression analysis were modeled 

continuously and are reported by percentage point change in variable, which was defined as 

the arithmetic (absolute) difference between two percentages. A Wald χ2 test was used to 

determine the strength of each variable’s association with the outcome. Missing rates for 

each variable included in the model were minimal (<0.3%). Missing values were imputed as 

the group-specific median. The primary analysis was performed without accounting for 

ACLS and PALS training (as discussed previously); the secondary sensitivity analysis 

included all CPR training.

All statistical tests were two-sided, with a p-value of 0.05 indicating statistical significance. 

Analyses were performed using SAS 9.2 (SAS Institute, Cary, NC) and ArcGIS 10 (Esri, 

Redlands, CA)

RESULTS

Our analysis included CPR training data from 3143 counties in the U.S. (i.e., 100% of all 

U.S. counties). An estimated 13,123,113 persons received CPR training between July 1, 

2010 and June 30, 2011. The AHA provided training to 8,293,401 persons (63.2% of all 

trained); of which, 55.6% was BLS training, 40.0 % was Heart Saver training, and 4.4% was 

Friends and Family training. The ARC provided training to 3,638,169 persons (27.7% of all 

trained); of which, 80.4% were lay rescuers and 19.6% were professionals. The HSI 

provided training to 1,191,543 persons (9.1% of all trained); of which, 17.9% was BLS 

training and 82.1% was lay/workplace training.

The median annual CPR training rate in our cohort for all U.S. counties was 2.39% (25th and 

75th percentiles: 0.88 and 5.31) and ranged from 0.00%–1.29% (median = 0.51%) in the 

lower tertile counties, 1.29%–4.07% (median = 2.39%) in the middle tertile counties, and 
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>4.07% (median = 6.81%) in the upper tertile counties. Of those counties in the lower tertile 

of CPR training, 57.0% were located in the Southern U.S. (Table 1). As illustrated by the 

Figure, there is substantial and important geographic variability in CPR training across the 

country.

Using univariable analyses, we compared counties in the lower tertile of CPR training rates 

with counties in the middle and upper tertiles. We found that counties in the lower tertile had 

a lower median percentage of blacks (1.3% vs. 2.2%, p<0.001) and Hispanics (2.5% vs. 

3.7%, p<0.001), a greater proportion of rural populations (median = 82.8% vs. 49.5%, 

p<0.001), and a lower median household income (median = $38,087 vs. $44,362, p<0.001). 

In addition, lower tertile counties had a significantly lower median percentage of residents 

having at least a college degree, a higher median percentage of residents living in poverty, 

lower population densities, significantly fewer physicians and hospitals, and higher heart 

disease mortality rates (Table 1).

After multivariable adjustment, several factors remained independently associated with 

counties in the lower tertile (Table 2), with the strongest factor being the proportion of rural 

residents in a given county. For every 5 percentage point increase in the rural population 

composition, the odds of being in a lower tertile county increased (odds ratio [OR] 1.12; 

95% confidence interval [CI] 1.10, 1.15, χ2=106.8. Race and ethnicity were also strongly 

associated with counties in the lower tertile for CPR training. For every 5 percentage point 

increase in the proportion of black race or Hispanic ethnicity residents, the adjusted OR of 

being in a lower tertile county was 1.09 (95% CI 1.06, 1.13; χ2=23.78) and 1.06 (95% CI 

1.02, 1.11; χ2=9.23), respectively. Finally, counties with lower median household incomes 

were significantly more likely to be in the lower tertile for CPR training. For every $10,000 

decrease in median household income, the adjusted OR of being in the lower tertile was 1.18 

(95% CI 1.04, 1.34; χ2=6.68). Other factors associated with the lower tertile for CPR 

training were counties located in the South, median age, and number of physicians (Table 2).

After including training in ACLS and PALS, the total number of residents having received 

CPR training increased by 1,217,858 to a total of 14,340,961 persons trained; of which, 

ACLS represented 9.5% of AHA training and 0.9% of HSI training, while PALS 

represented 3.2% of AHA training and 0.4% of HSI training. The median training rate for 

counties in the U.S. increased to only 2.45% with lower, middle, and upper tertile median 

CPR training rates of 0.52%, 2.45%, and 7.18%, respectively. Multivariable factors 

associated with the lower tertile of CPR training remained unchanged from the primary 

analysis (Appendix).

COMMENT

To our knowledge, this is the first national study of CPR training rates in the U.S. Notably, 

rural communities, as well as those with a high proportion of black race, Hispanic ethnicity, 

and lower median household incomes, had the lowest CPR training rates. Our findings may 

help explain racial and income differences in bystander CPR treatment rates and consequent 

overall survival post-OHCA.
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Previously published data on regional CPR training in the U.S. have primarily been limited 

to small household population-based survey data.20–23 Nevertheless, these data only 

examine prevalent training rates, and most respondents had their last CPR training more 

than 10 years prior to survey administration. In contrast, our study examined current incident 

patterns of annual training, thereby making our data more likely to assist in the identification 

of geographical CPR training gaps, as well as inform public policy about future training 

efforts.

Our study found that several county-level demographic and geographic factors are 

associated with the odds of being in a lower tertile of CPR training. The strongest factor 

associated with low CPR training rates was high proportions of rural residents. Rural areas 

are defined in the Census by a process of exclusion; all population, housing, and territory not 

included within an urban area, and typically being inhabited by <2500 persons (http://

www.census.gov/geo/www/ua/uafaq.html). Studies of OHCA in rural areas have 

consistently shown uniformly poor survival after cardiac arrest—a finding usually attributed 

to the lack of consistently available paramedic and central dispatcher services. In addition, 

longer emergency medical services response and transport times contribute to poorer 

survival.24,25 In this context, singly focusing on efforts to improve CPR and AED 

community education programs26 may not improve survival without also addressing longer 

ambulance arrival times. Rather, policy efforts by national associations and federal 

organizations are needed to address the entire “chain of survival” for pre-hospital care 

including transfer to a tertiary care hospital for rural community residents who experience 

OHCA. Future trials are needed to determine cost-effective and efficacious interventions for 

rural communities.

Communities with higher proportions of black residents have been shown to deliver 

bystander CPR less frequently, despite the higher incidence of OHCA in this 

population.15,30 Our study found that counties with higher proportions of blacks are 

significantly less likely to be trained, which may account for the lower use of bystander CPR 

in this population. Simple target interventions could improve the recognition of OHCA and 

the availability of citizens to perform this life-saving intervention.

Individual and neighborhood socioeconomic status is associated with bystander CPR use. In 

a prior study, Vaillancourt et al. found that OHCA victims who experienced arrest inside 

their homes, and were of lower socioeconomic status (measured by individual property 

value), were significantly less likely to receive bystander CPR compared with those of 

higher socioeconomic status.9 Recent data found an additive effect between race and 

neighborhood median household income: black communities comprised of lower-income 

households are more likely to have lower rates of bystander CPR than white communities 

comprised of higher-income households. Specifically, compared with high-income white 

neighborhoods, high-income black neighborhoods had an OR of 0.77 (95% CI 0.68–0.86), 

low income white neighborhoods had an OR of 0.65 (95% CI 0.51, 0.82), and low income 

black neighborhoods had an OR of 0.49 (95% CI 0.41, 0.58) for receipt of bystander CPR.14 

In our study, counties with lower median household incomes were also significantly 

associated with lower CPR training. This finding may be driven by the fact that lower 
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median household incomes often parallel with lower education levels, non-CPR required 

jobs, and the lack of CPR awareness campaigns.

In prior studies, when compared with whites, Hispanics have been significantly less likely to 

receive bystander CPR and have poorer survival.31,32 Similarly, in our study, counties with a 

greater proportion of Hispanics were more likely to have lower CPR training rates. While all 

of the major training organizations in our study report Spanish CPR program availability, 

these programs may not be adequately publicized in areas with a high density of Hispanics.

Additionally, in our study, counties with a higher median resident age had lower rates of 

CPR training. Perhaps older populations are not traditional targets for CPR training, or may 

have had training in the distant past and do not understand the need for repeat training. 

Finally, in our study, counties with a lower number of physicians had lower rates of CPR 

training. Limited physician availability may reflect areas without major healthcare 

institutions and CPR programs.

There is significant regional variation in the incidence and outcomes of OHCA.8,12,33 

Interestingly, the variability in OHCA outcomes is far greater than the variability in stroke 

or ST-segment elevation myocardial infarction outcomes across the U.S.34 In our study, we 

demonstrated significant variability in incident CPR training rates, ranging from 0% to 15%. 

Some of the factors associated with this variability overlap with factors previously found to 

be associated with variation in bystander CPR use (black race, Hispanic ethnicity, and 

median household income). As a result, it is plausible that lower county-level CPR training 

rates may, in part, contribute to the lower use of bystander CPR, and consequent lower 

OHCA survival.

Currently, there are not county-level data on OHCA or OHCA survival rates in the U.S.; 

however, we found that counties with low CPR training had disproportionately higher heart 

disease mortality rates. While these data cannot directly link low training with low OHCA 

survival rates, they suggest that CPR training may not be occurring more intensively in 

populations with a high density of heart disease (i.e., populations at highest risk for OHCA). 

Given population data which show that bystander CPR could potentially double survival,3 

programs providing simple and inexpensive CPR training that target vulnerable populations, 

could markedly reduce inequalities in outcomes after OHCA.16

Our study had several limitations. First, we assumed that people lived in the county in which 

they were trained. Second, we were unable to link 13% of data due to lack or invalid 

mapping of data (e.g., zip code or county name); this may have slightly underestimated 

training rates. Third, while we think that our estimates are accurate measures of persons 

trained for AHA BLS and HeartSaver, it is possible that the AHA Family and Friends 

program trained more people per training session than was estimated (e.g., if Family and 

Friends kits are used in mass community training events). Fourth, our data do not account 

for CPR training provided by other organizations, nor do our data account for those trained 

via social media or the internet. Finally, we did not have the ability to discriminate between 

participants who received first time training versus those who recertified.
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In summary, current annual CPR training rates in the U.S. are low, with significant 

variability among counties. Efforts are needed to improve CPR training rates in all counties, 

but particularly in those with high proportions of residents living in rural areas, of black race 

or Hispanic ethnicity, and with lower median household incomes. Future research should be 

directed at understanding if targeted and intensive CPR training will narrow existing 

disparities in rates of bystander CPR and OHCA survival in these vulnerable communities. 

With regard to rural areas, more studies are needed on interventions that target the entire 

chain of survival.
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Figure. Geographic Distribution of Counties by CPR Training Tertile in the United States 
Community CPR Training Cohort
This map shows the CPR training tertile for each county in the United States. Light blue 

represents lower tertile counties with CPR training rates ranging from 0.00 to 1.29% 

(median = 0.39%). Medium blue represents middle tertile counties with training rates 

ranging from 1.29 to 4.07% (median = 2.39%). Dark blue represents upper tertile counties 

with CPR training rates >4.07% (median = 6.81%).
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Table 2

Factors Associated with a County Being in the Lower Tertile of CPR Training

Variable OR (95% CI) Chi Square p-value

Percent rural (per 5 PP increase) 1.12 (1.10, 1.15) 106.85 <0.001

Region 32.43 <0.001

 South (vs. Northeast) 7.78 (3.66, 16.53) 28.43 <0.001

 Midwest (vs. Northeast) 5.56 (2.63,-11.75) 20.14 <0.001

 West (vs. Northeast) 5.39 (2.48, 11.72) 18.01 <0.001

Percent Black (per 5 PP increase) 1.09 (1.06, 1.13) 23.79 <0.001

Number of physicians (per 100 MDs decrease) 1.59 (1.32, 1.92) 23.61 <0.001

Percent Hispanic (per 5 PP increase) 1.06 (1.02, 1.11) 9.23 0.002

Median household income (per $10,000 decrease) 1.18 (1.04, 1.34) 6.68 0.010

Median age (per 10 year decrease) 1.28 (1.04, 1.58) 5.35 0.021

Percent without college education (per 5 PP decrease) 1.09 (0.97, 1.21) 2.24 0.135

Percent male (per 5 PP increase) 1.07 (0.88, 891.30) 0.42 0.519

Percent Asian (per 5 PP increase) 1.06 (0.73, 1.53) 0.10 0.758

Heart disease mortality (per 100,000 people) 1.000(0.997, 1.002) 0.09 0.768

Abbreviations: CI, confidence interval; CPR, cardiopulmonary resuscitation; MD, medical doctor; OR, odds ratio; PP, percentage point; vs, versus
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