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ORIGINAL RESEARCH

Risk Factors for Sudden Cardiac Arrest 
Among Hispanic or Latino Adults in Southern 
California: Ventura PRESTO and HCHS/SOL
Kyndaron Reinier , PhD, MPH; Jee-Young Moon , PhD; Harpriya S. Chugh , BS; Arayik Sargsyan, MPH; 
Kotoka Nakamura, PhD; Faye L. Norby , PhD, MPH; Audrey Uy-Evanado , MD; Gregory A. Talavera , MD; 
Linda C. Gallo , PhD; Martha L. Daviglus , MD, PhD; Katy Hadduck, BSN, RN; Daniel Shepherd, MD; 
Angelo Salvucci , MD; Robert C. Kaplan , PhD; Sumeet S. Chugh , MD

BACKGROUND: Out-of-hospital sudden cardiac arrest (SCA) is a leading cause of mortality, making prevention of SCA a public 
health priority. No studies have evaluated predictors of SCA risk among Hispanic or Latino individuals in the United States.

METHODS AND RESULTS: In this case-control study, adult SCA cases ages 18-85 (n=1,468) were ascertained in the ongoing 
Ventura Prediction of Sudden Death in Multi-Ethnic Communities (PRESTO) study (2015-2021) in Ventura County, California. 
Control subjects were selected from 3033 Hispanic or Latino participants who completed Visit 2 examinations (2014–2017) 
at the San Diego site of the HCHS/SOL (Hispanic Community Health Survey/Study of Latinos). We used logistic regression to 
evaluate the association of clinical factors with SCA. Among Hispanic or Latino SCA cases (n=295) and frequency-matched 
HCHS/SOL controls (n=590) (70.2% men with mean age 63.4 and 61.2 years, respectively), the following clinical variables 
were associated with SCA in models adjusted for age, sex, and other clinical variables: chronic kidney disease (odds ratio 
[OR], 7.3 [95% CI, 3.8–14.3]), heavy drinking (OR, 4.5 [95% CI, 2.3–9.0]), stroke (OR, 3.1 [95% CI, 1.2–8.0]), atrial fibrillation 
(OR, 3.7 [95% CI, 1.7–7.9]), coronary artery disease (OR, 2.9 [95% CI, 1.5–5.9]), heart failure (OR, 2.5 [95% CI, 1.2–5.1]), and 
diabetes (OR, 1.5 [95% CI, 1.0–2.3]).

CONCLUSIONS: In this first population-based study, to our knowledge, of SCA risk predictors among Hispanic or Latino adults, 
chronic kidney disease was the strongest risk factor for SCA, and established cardiovascular disease was also important. 
Early identification and management of chronic kidney disease may reduce SCA risk among Hispanic or Latino individuals, in 
addition to prevention and treatment of cardiovascular disease.
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Out-of-hospital sudden cardiac arrest (SCA), a sud-
den cessation of cardiac activity with hemody-
namic collapse, affects ≈350 000 individuals in the 

United States annually.1 Despite improvements in resus-
citation, its mortality rate exceeds 90%, thereby mak-
ing prediction and prevention of this condition a major 
priority.1 Among US population-based cohort and case 
control studies that have evaluated risk factors for SCA, 
all major studies have been conducted in populations 

with few or no Hispanic or Latino individuals including 
the Framingham Heart Study,2 Atherosclerosis Risk in 
Communities study,3 Cardiovascular Health Study,3 
Nurses’ Health Study,4 Physician’s Health Study,5 the 
Oregon SUDS (Sudden Unexpected Death Study),6 and 
the Reasons for Georgraphic and Racial Differences 
in Stroke study.7 Thus, predictors of SCA identified in 
these studies have not been evaluated in Hispanic or 
Latino individuals.
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In the PRESTO (Prediction of Sudden Death in Multi-
Ethnic Communities) study of SCA in Ventura County, 
CA, we recently reported that incidence of SCA was 
similar in Hispanic or Latino and non-Hispanic White 
individuals.8 Additionally, Hispanic or Latino individuals 
with SCA were more likely to have a history of hyperten-
sion, diabetes, chronic kidney disease, hyperlipidemia, 
and stroke but less likely to have atrial fibrillation com-
pared with non-Hispanic White individuals with SCA.8 
The POST-SCD (Postmortem Systematic Investigation of 
Sudden Cardiac Death) autopsy-based study of individ-
uals with sudden cardiac death (SCD) in San Francisco, 
CA also reported that Hispanic or Latino individuals with 
SCD had more diabetes and prior stroke compared with 
non-Hispanic White individuals with SCD.9 However, 
the higher prevalence of these conditions in Hispanic or 
Latino SCA cases may simply reflect higher underlying 
prevalence of these conditions in the general population 
and not be specifically related to SCA risk.

Understanding whether risk factors for SCA differ 
by ethnicity would provide vital information to guide 

prevention efforts among US Hispanic or Latino in-
dividuals. There is evidence that risk prediction al-
gorithms for cardiovascular disease and mortality 
developed in non-Hispanic White individuals, such as 
the Framingham Risk Score,10 may work adequately for 
prediction among Black and Hispanic or Latino indi-
viduals, although the relative importance of individual 
predictors may differ. Evaluation of SCA risk predictors 
is needed in populations with adequate numbers of 
Hispanic or Latino individuals.

Therefore, our objective was to evaluate risk fac-
tors for SCA among Hispanic or Latino individuals in 
Southern California, combining data from a population-
based study of SCA and a population-based study of 
risk and protective factors for chronic diseases among 
Hispanic or Latino individuals in Southern California. 
We hypothesized that their risk factors will be similar 
to those identified in studies conducted in US Non-
Hispanic White and Black populations and would in-
clude cardiovascular disease risk factors, established 
coronary and cardiovascular disease, noncardiac con-
ditions, reduced left ventricular ejection fraction (LVEF), 
and risk markers from the ECG.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Participants
Case Definition and Ascertainment

Cases were individuals with out-of-hospital SCA from 
the ongoing Ventura PRESTO (Prediction of Sudden 
Death in Multi-Ethnic Communities), a population-
based study initiated in 2015 of all SCA with resuscita-
tion attempted by emergency medical services among 
residents of Ventura County, CA (population 850 536). 
Individuals with SCA were prospectively identified 
through collaboration with the region’s 2-tiered emer-
gency medical service system and underwent detailed 
adjudication using information from emergency medi-
cal service records, archived medical records, and 
the medical examiner based on methodology used in 
the Oregon SUDS, a population-based study ongoing 
for 20 years.11,12 SCA was defined as a sudden, unex-
pected pulseless condition of likely cardiac origin.1 All 
cases with an identifiable noncardiac cause for cardiac 
arrest were excluded. The present analysis included 
SCA cases (including deceased cases and survivors) 
aged 18 to 85 years at the time of the SCA event, and 
of Hispanic or Latino ethnicity, from February 1, 2015 
to January 31, 2021. Individuals whose SCA event oc-
curred in a residential facility such as a skilled nurs-
ing facility or nursing home were excluded because 

CLINICAL PERSPECTIVE

What is New?
•	 This population-based case control study of 

clinical predictors of sudden cardiac arrest 
(SCA) provides the first data, to our knowledge, 
on risk predictors for SCA among Hispanic or 
Latino individuals.

•	 Chronic kidney disease was a strong predic-
tor of SCA risk; 51% of all SCA cases among 
Hispanic or Latino individuals had a prior diag-
nosis of chronic kidney disease, and 20% were 
on dialysis.

•	 Existing cardiovascular disease, including 
stroke, atrial fibrillation, coronary artery disease, 
and heart failure, were also predictors of SCA 
risk.

What Are the Clinical Implications?
•	 Early identification and management of kidney 

disease may be an effective strategy to reduce 
SCA risk among Hispanic or Latino individuals.

Nonstandard Abbreviations and Acronyms

HCHS/SOL	 �Hispanic Community  
Health Survey / Study of 
Latinos

Ventura PRESTO	 �Ventura Prediction of 
Sudden Death in Multi-
Ethnic Communities study

SCA	 	 sudden cardiac arrest
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the HCHS/SOL (Hispanic Community Health Survey/
Study of Latinos) did not include individuals living in a 
residential facility. The PRESTO study was approved 
by the Institutional Review Boards of Ventura County 
Medical Center, Cedars-Sinai Health System, and all 
other participating hospitals and health systems. All 
survivors of cardiac arrest provided written informed 
consent; for nonsurvivors this requirement was waived.

Control Definition and Ascertainment

Controls were selected from among participants of 
the HCHS/SOL, a population-based cohort study of 
16 415 individuals of self-identified Hispanic or Latino 
ethnicity aged 18 to 74 years at baseline who were re-
cruited by a door-to-door survey of randomly selected 
households in 4 US communities (Bronx, NY; Chicago, 
IL; Miami, FL; San Diego, CA).13,14 Each community en-
rolled >4000 participants, who completed an examina-
tion at baseline (Visit 1, 2008–2011), followed by a Visit 
2 examination during 2014 to 2017; annual telephone 
communications were used to maintain contact with 
participants and identify major health events.13,15 Study 
visits featured collection of health interview data in-
cluding medical history and health behaviors, anthro-
pometry including seated blood pressure, height and 
weight, collection of fasting blood and urine for central 
clinical laboratory tests, and resting ECG (Visit 1 only). 
Echocardiograms were performed for participants of 
age ≥45 years at Visit 2 or during the ECHO-SOL an-
cillary study.16 We selected individuals from the San 
Diego site because of its proximity to Ventura County 
and because US Census 2016 data indicated that the 
Hispanic or Latino communities in Ventura County and 
San Diego County are demographically similar, in par-
ticular the proportions who are of Mexican heritage 
(>85%), foreign-born, and English-speaking. HCHS/
SOL participants were recruited from the South Bay 
region of San Diego County in which a higher propor-
tion of residents (≈70%) identify as Hispanic or Latino 
compared with the overall county population. The 
HCHS/SOL study was conducted with the approval of 
the Ethics and Institutional Review Boards of all institu-
tions involved (ie, Bronx Field Center – Albert Einstein 
School of Medicine; Chicago Field Center – University 
of Illinois Chicago; Miami Field Center – University 
of Miami; San Diego Field Center – San Diego State 
University), and informed consent was obtained from 
all participants.

Frequency Matching HCHS/SOL Participants to 
PRESTO Cases

The time frame for HCHS/SOL Visit 2 (2014–2017) 
and for Ventura PRESTO case ascertainment (2015–
2021) was similar. HCHS/SOL participants were more 

likely to be women and were younger at Visit 2 than 
PRESTO SCA cases. To obtain an appropriate con-
trol group, we selected a subset of HCHS/SOL partici-
pants as controls by frequency matching in a 1:2 case 
control ratio using simple random sampling from sex-
specific 10-year age categories based on age at Visit 
2 from the available 3033 HCHS/SOL San Diego site 
participants who completed Visit 2 examinations. For 
men aged 75–85 years, there were 47 PRESTO cases 
and 33 potential control subjects; we used simple ran-
dom sampling with replacement to select 2 controls 
per case for this age category.

Data Sources and Variable Definitions
Ethnicity Definition

In the PRESTO study, Hispanic or Latino ethnicity 
was determined for the majority of SCA cases from 
death certificates, which include separate fields for 
race and ethnicity, and for survivors, from self-report 
during an interview. In the interviewer-administered 
interview, survivors are asked to report their ethnicity 
first and race second in separate questions. In HCHS/
SOL, Hispanic or Latino ethnicity was based on self-
report during screening for participation.14 Individuals 
of Hispanic or Latino ethnicity were included regard-
less of their recorded or self-identified race (eg, White, 
Black, multiple races).

Demographics and Clinical Profile Data

For PRESTO cases, patient medical history was ob-
tained from manual review of available medical charts 
from all major medical systems in Ventura County. 
Individuals for whom no prior medical records were 
available (18%) were excluded. Age at the time of SCA 
and sex were obtained from medical charts; place of 
birth and educational attainment were obtained from 
death certificates for deceased SCA cases and inter-
views with survivors of SCA. History of the following 
conditions at the time of SCA was based on physician-
noted history in medical charts: diabetes, hyper-
tension, hyperlipidemia, myocardial infarction, atrial 
fibrillation, stroke, heart failure, peripheral vascular dis-
ease, chronic obstructive pulmonary disease, chronic 
kidney disease, dialysis, liver disease, cancer (in re-
mission), smoking (current versus not), heavy drinking 
(yes versus no, defined as physician note of current 
heavy use). History of coronary artery revasculariza-
tion, automatic implantable cardioverter-defibrillator, or 
pacemaker was also noted. Quantitative values were 
obtained for weight and height to calculate body mass 
index. Selected laboratory values from clinical labora-
tories obtained before and unrelated to the SCA were 
used. For the subset of SCA cases with ECG and 
echocardiogram results available in archived medical 
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records, quantitative parameters from the clinically 
performed archived ECG and echocardiogram closest 
to and unrelated to SCA were obtained. From the ECG, 
we obtained heart rate, PR interval, QRS duration, QTc 
(Bazett correction), QRS-T angle, left atrial enlarge-
ment, and left ventricular hypertrophy (by voltage or 
Cornell product criteria). From the echocardiogram we 
obtained LVEF. Data on medication use were obtained 
from the medical record closest to the SCA, or as re-
corded by emergency medical services personnel at 
the time of the arrest.

For HCHS/SOL controls, age, sex, place of birth, 
and educational attainment were obtained from ques-
tions during the HCHS/SOL Visit 2 examination. For 
medical history variables, we used questions from the 
HCHS/SOL Visit 1 or Visit 2 phrased as: “Has a doc-
tor ever said that you had… (condition)?” and “Has 
(condition) been diagnosed since Visit 1?” to deter-
mine clinical history of diabetes, hypertension, hyper-
lipidemia, myocardial infarction, stroke, heart failure, 
peripheral vascular disease, chronic kidney disease, 
dialysis, chronic obstructive pulmonary disease, liver 
disease, and cancer. History of coronary revascular-
ization, pacemaker implant, implantable cardioverter 
defibrillator were also self-reported. Patient report of 
current smoking and heavy drinking (defined as cur-
rent high-level use) at the time of Visit 2 was used. 
Selected laboratory values from blood samples drawn 
at Visit 2 were used. ECG data for the same parame-
ters as in cases were available from ECGs performed 
on >99% of study participants at Visit 1 (2008–2011). 
LVEF was obtained from echocardiograms performed 
in the ECHO-SOL ancillary study16 or in the subgroup 
with echocardiograms in Visit 2, which were limited to 
participants aged ≥45 years. Data on medication use 
were based on an inventory at Visit 2 of all prescription 
medications taken within the prior 4 weeks, or with di-
rected recall questions about medication use during 
the 4 weeks before Visit 2.

Variable Definitions

For both cases and controls, chronic kidney disease 
was defined by clinical history or, if measured, esti-
mated glomerular filtration rate <60.17 Diabetes was 
defined as clinical history or ever use of an oral anti-
diabetes medication or insulin. Atrial fibrillation was 
defined by clinical history, use of specific medications 
for anti-coagulation in patients with atrial fibrillation 
(warfarin, dabigatran, rivaroxaban, or apixaban), or a 
finding of atrial fibrillation on ECG. Hyperlipidemia was 
defined by clinical history and treatment with a lipid-
lowering medication. Coronary artery disease was de-
fined by clinical history of angina, myocardial infarction, 
or coronary artery revascularization or findings on ECG 
consistent with a past myocardial infarction. All other 

clinical conditions (hypertension, stroke, peripheral 
vascular disease, and cancer) were defined by chart 
history or self-report as described above.

Statistical Analysis
In unadjusted bivariate analyses, we used weighted 
Chi-squared tests and t-tests to compare binary and 
continuous variables in cases and controls. In multivar-
iable analysis, we fit unconditional logistic regression 
models with SCA as the outcome. Model 1 included 
age, sex, and clinical variables that had at least a sug-
gestive association with SCA in bivariate analyses 
(P<0.10).18 Model 2 added place of birth and education 
level to Model 1.

In separate models in the subset with ECG data 
available, we estimated the significant association of 
ECG parameters with SCA. ECGs were available for 
48% of SCA cases in PRESTO and >99% of partici-
pants in HCHS/SOL. To reduce potential bias attrib-
utable to ECGs being available for a subset of SCA 
cases, we first estimated a propensity score by fitting 
a logistic regression model among PRESTO cases to 
predict ECG data availability using covariates signif-
icant in multivariable Model 3 and then multiplied 1/
propensity score to the current sampling weight (1) for 
those with ECG data in PRESTO. With the updated 
sampling weights, a weighted logistic regression was 
fitted (with robust SE) in the subset of the participants 
who had available ECG data, modeling the significant 
association of ECG variables with SCA adjusted first 
for age and sex, and second for age, sex, and clinical 
variables.

In the subset with available echocardiographic data, 
we used a similar approach to model the association 
of LVEF with SCA, adjusted first for age and sex, and 
second for age, sex, and clinical variables.

For all multivariable models, we used the Hosmer-
Lemeshow goodness-of-fit statistic to evaluate model 
fit19 and assessed potential multicollinearity to avoid 
simultaneous modeling of collinear variables.

As a sensitivity analysis, we repeated bivariate anal-
yses and multivariable models including all 3033 partic-
ipants from HCHS/SOL San Diego as control subjects 
weighted to have an overall 1:2 ratio for each age-sex 
group. This approach maximized power and allowed 
efficient use of data from all HCHS/SOL participants, 
who were younger than the population of SCA cases 
from Ventura PRESTO and allowed an evaluation of the 
robustness of frequency-matched results.

RESULTS
Demographics
From February 1, 2015 to January 31, 2021 in Ventura 
PRESTO, a total of 1468 SCA cases aged 18 to 
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85 years were identified and adjudicated, of whom 
1200 (82%) had archived medical records available to 
determine pre-SCA clinical history. Of these, 324 (27%) 
were Hispanic or Latino ethnicity, 866 (73%) were non-
Hispanic, and 10 were missing ethnicity data. After 
excluding 29 (9%) Hispanic or Latino SCA cases whose 
arrests occurred in a residential facility such as a nurs-
ing home, 295 remained for analysis. From HCHS/SOL 
participants, 590 frequency-matched control subjects 
were selected for inclusion.

SCA cases and controls were 70.2% men with me-
dian age in their early 60s (Table 1). Cases were sig-
nificantly more likely than controls to be born in the 
United States (49.5% versus 16.6%, P<0.001), with the 
remainder mostly born in Mexico, and <5% born in an-
other country (Table 1). Education level was somewhat 
lower among cases than controls (Table  1). The ob-
served nativity and education differences were likely 
attributable to differences in the location of cohort 
recruitment.

Clinical History Among Cases and 
Controls
The prevalence of some cardiovascular risk factors 
was higher among SCA cases (hypertension, obesity, 
and diabetes), but others did not differ (hyperlipidemia, 
current smoking) (Table  2). Prevalent cardiovascular 
disease was significantly more common among SCA 
cases including myocardial infarction, stroke, atrial 

fibrillation, coronary artery revascularization, coronary 
artery disease, peripheral vascular disease, heart fail-
ure, and history of a pacemaker or automatic implant-
able cardioverter-defibrillator (P<0.003; Table 2).

Considering noncardiac comorbidities, chronic kid-
ney disease was significantly more common among 
SCA cases than controls (51.2% versus 8.8%), and the 
proportion of SCA cases on dialysis was 20.0% com-
pared with 0.7% in controls (Table  2). Prevalence of 
chronic obstructive pulmonary disease, liver disease, 
and history of cancer was not significantly different be-
tween the groups. SCA cases were more likely to be 
heavy drinkers.

Medications
All medications except anxiolytics were more com-
monly used by SCA cases (Table 3).

Multivariable Associations with SCA
In the multivariable model including age, sex, and clini-
cal variables with P<0.10 in bivariate comparisons  7 
clinical predictors were associated with a higher odds 
of SCA: chronic kidney disease (odds ratio [OR], 7.3 
[95% CI, 3.8–14.3]), heavy drinking (OR, 4.5 [95% CI, 
2.3–9.0]), stroke (OR, 3.1 [95% CI, 1.2–8.0]), atrial fi-
brillation (OR, 3.7 [95% CI, 1.7–7.9]), coronary artery 
disease (OR, 2.9 [95% CI, 1.5–5.9]), heart failure (OR, 
2.5 [95% CI, 1.2–5.1]), and diabetes (OR, 1.5 [95%  

Table 1.  Demographics of Sudden Cardiac Arrest Cases from Ventura PRESTO Study and Frequency-Matched Control 
Subjects from HCHS/SOL San Diego

SCA cases (n=295) Controls (n=590) P value

Men 207 (70.2%) 414 (70.2%) Matching variable

Age categories, y

18–34 16 (5.4%) 32 (5.4%) Matching variable

35–44 17 (5.8%) 34 (5.8%)

45–54 39 (13.2%) 78 (13.2%)

55–64 79 (26.8%) 158 (26.8%)

65–74 72 (24.4%) 144 (24.4%)

75–85 72 (24.4%) 144 (24.4%)

Age, y, mean (SD) 63.4 (14.4) 61.8 (13.6) 0.11

Place of birth

United States 146 (49.5%) 98 (16.6%) <0.001

Mexico 130 (44.1%) 466 (79.0%)

Other 11 (3.7%) 24 (4.1%)

Missing 8 (2.7%) 2 (0.3%)

Education level

<High school 122 (41.4%) 240 (40.7%) <0.001

High school 83 (28.1%) 105 (17.8%)

>High school 64 (21.7%) 202 (34.2%)

Missing 26 (8.8%) 32 (7.3%)

Results presented as n (%) except where noted.
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CI, 1.0–2.3]; Figure 1; Table 4, Model 1). Hypertension, 
body mass index, pacemaker/implantable cardioverter-
defibrillator, and cancer were not significantly associ-
ated with SCA, while peripheral vascular disease had 
a marginal negative association. Adjustment for place 
of birth and educational attainment did not materially 
change associations (Table 4, Model 2).

ECG and Echocardiogram Parameters
Pre-SCA ECGs were available for 142 (48%) of 295 
SCA cases. Baseline ECGs were available for 587 
(>99%) of control subjects. In bivariate weighted com-
parisons with controls, SCA cases had a significantly 
faster heart rate and greater QRS duration, QTc inter-
val, and QRS-T angle (P<0.02; Table  5). Cases were 

Table 3.  Medication Use Among Sudden Cardiac Arrest Cases from Ventura PRESTO and Frequency-Matched Control 
Subjects from HCHS/SOL San Diego

SCA cases (n=295) Controls (n=590) P value

Antihypertensives 207 (70.2%) 242 (41.0%) <0.001

Lipid-lowering medications 142 (48.1%) 192 (32.5%) <0.001

Oral antidiabetes medications 123 (41.7%) 130 (22.0%) <0.001

Insulin 63 (21.4%) 33 (5.6%) <0.001

Antianginal medications 22 (7.5%) 8 (1.4%) <0.001

Anticoagulants 31 (10.5%) 10 (1.7%) <0.001

Antiarrhythmics 22 (7.5%) 21 (3.6%) 0.01

Diuretics 86 (29.2%) 21 (3.6%) <0.001

Asthma medications (beta-2 agonists) 43 (14.6%) 24 (4.1%) <0.001

Anxiolytics 11 (3.7%) 39 (6.6%) 0.09

Antidepressants 60 (20.3%) 44 (7.5%) <0.001

Hypothyroid medications 30 (10.2%) 36 (6.1%) 0.04

Results presented as n (%).

Table 2.  Clinical Profile of Sudden Cardiac Arrest Cases from Ventura PRESTO and Frequency-Matched Control Subjects 
from HCHS/SOL San Diego

SCA cases (n=295) Controls (n=590) P value

Hypertension 227 (76.9%) 339 (57.5%) <0.001

Hyperlipidemia 108 (36.6%) 185 (31.4%) 0.13

Weight, kg, mean (SD) 87.9 (25.3) 81.3 (17.6) <0.001

Height, cm, mean (SD) 167.3 (9.8) 165.4 (9.3) 0.008

Body mass index, mean (SD) 31.5 (9.0) 29.5 (5.1) 0.001

Diabetes 183 (62.0%) 215 (36.4%) <0.001

Current smoker 39 (15.3%) 78 (13.2%) 0.44

Heavy drinker 25 (8.5%) 23 (3.9%) 0.006

Myocardial infarction 49 (16.6%) 56 (9.5%) 0.003

Coronary revascularization 42 (14.2%) 30 (5.1%) <0.001

Coronary artery disease 133 (45.1%) 77 (13.1%) <0.001

Atrial fibrillation 65 (22.0%) 25 (4.2%) <0.001

Heart failure 93 (31.5%) 39 (6.6%) <0.001

Stroke 47 (15.9%) 16 (2.7%) <0.001

Peripheral vascular disease 34 (11.5%) 45 (7.6%) 0.06

Pacemaker or AICD 31 (10.5%) 13 (2.2%) <0.001

Chronic kidney disease 151 (51.2%) 52 (8.8%) <0.001

On dialysis 59 (20.0%) 4 (0.7%) <0.001

COPD 33 (11.2%) 69 (11.7%) 0.83

Liver disease 20 (6.8%) 53 (9.0%) 0.28

Cancer 34 (11.5%) 46 (7.8%) 0.08

Results presented as n (%) except where noted.
AICD indicates automated implantable cardioverter-defibrillator; and COPD, chronic obstructive pulmonary disease.
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also more likely to have ECG-defined left ventricular 
hypertrophy and left atrial enlargement (Table 5).

In a multivariable model with ECG parameters ad-
justed for age and sex, increased heart rate and lon-
ger QTc interval were significantly associated with 
SCA, and QRS-T angle had a modest and borderline-
significant odds ratio (Table 6, Model 0). Left ventricular 
hypertrophy by ECG was initially entered in the multi-
variable model but was strongly correlated with most 
of the continuous ECG measures and removed. When 
further adjusted for clinical factors (Table 6, Model 1), 
heart rate (OR, 1.8 [95% CI, 1.3–2.6] per 1-SD increase) 
and QTc interval (OR, 2.5 [95% CI, 1.3–4.8] per 1-SD 
increase) were significantly associated with SCA.

In a multivariable model with LVEF adjusted for age, 
sex, and clinical factors a decrease in LVEF was asso-
ciated with a significant increase in odds of SCA (OR, 
4.4 [95% CI, 2.4–8.1] per 1-SD decrease) (Table  6, 
Model 1).

Sensitivity Analysis
When bivariate and multivariable analyses were re-
peated using the weighted data set including all 3033 

HCHS/SOL participants, bivariate frequencies and 
means were nearly identical (data not shown).

Likely Cardiac Causes of SCA
Finally, for SCA cases, we first evaluated the possible 
causes of SCA in 2 subsets of SCA cases: 1) those 
who underwent cardiac evaluation after survival from 
SCA, and 2) nonsurvivors who underwent autopsy fol-
lowing SCA. In the remainder we evaluated potential 
cardiac causes of SCA based on pre-arrest medical 
records. Among the 295 SCA cases, 161 (55%) oc-
curred in the setting of definite or probable cardiac 
ischemia (myocardial infarction or significant coro-
nary disease before arrest), 70 (24%) occurred with 
definite or probable nonischemic cardiac disease (eg, 
hypertrophic cardiomyopathy, congenital heart dis-
ease, valvular disease, and other rare syndromes), 
and for 63 (21%), a specific cardiac cause could not 
be determined.

DISCUSSION
In this population-based study among Hispanic or 
Latino individuals, chronic kidney disease and estab-
lished cardiovascular disease including coronary ar-
tery disease, atrial fibrillation, heart failure, and stroke 
were significantly associated with increased risk of 
SCA. Diabetes and heavy drinking were also associ-
ated with SCA. In subgroup analyses, ECG parame-
ters (heart rate and QTc) as well as LVEF assessed by 
echocardiogram were also associated with SCA. All of 
these predictors have been identified as risk factors for 
SCA in previous studies,3,6,20 though the evidence for 
heavy drinking is mixed.21

These results are likely best understood as the first 
evaluation of SCA risk in a Hispanic or Latino pop-
ulation. Our results indicate that among Hispanic or 
Latino residents of Southern California, prevention of 
cardiovascular risk factors and disease may reduce 
risk of future SCA. Since our study used general pop-
ulation controls, risk factors should be interpreted as 
those associated with SCA in the general population, 
some potentially associated with SCA through the car-
diovascular disease pathway. Direct comparison of re-
sults from our study to earlier studies on the presence 
or strength of risk factors are hampered because of 
differences not only in the race and ethnicity of study 
participants, but also because of differences in the 
timing of risk factor assessment, inclusion/exclusion 
criteria at study baseline, and type of data available. 
Medical history was obtained from the most recent 
medical charts for SCA cases in PRESTO and from 
interviews with HCHS/SOL participants about their 
health history up to the date of the Visit 2 examina-
tion. These studies enrolled all comers, even those 

Figure.  Clinical risk factors significantly associated with 
sudden cardiac arrest in Hispanic or Latino individuals.
Odds ratios and 95% CIs from multivariable logistic regression 
model adjusted for age, sex, and all clinical variables in the 
figure. Clinical factors associated with higher sudden cardiac 
arrest risk included established cardiovascular disease (coronary 
artery disease, atrial fibrillation, heart failure, and stroke), chronic 
kidney disease, and heavy drinking. Diabetes was marginally 
associated with elevated risk, while peripheral vascular disease 
was marginally associated with lower risk. BMI indicates body 
mass index; CAD, coronary artery disease; CKD, chronic 
kidney disease; PM/AICD, pacemaker/automated implanted 
cardioverter-defibrillator; and PVD, peripheral vascular disease.
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with significant cardiovascular disease before SCA or 
study enrollment. In contrast, much of what we know 
about SCA risk comes from cohort studies that as-
sessed risk predictors 10 to 20 years before SCA2,3 
and included only individuals free of cardiovascular 
disease at baseline. In the present study, we did not 
find that hypertension, hyperlipemia, body mass index, 
or current smoking were significantly associated with 
SCA, and diabetes was a weaker risk factor com-
pared with our findings for coronary artery disease, 
stroke, atrial fibrillation, and heart failure. Because of 
the causal pathways between cardiovascular risk fac-
tors and overt cardiovascular disease, it is likely that 
risk attributable to established cardiovascular disease 
overshadowed risk attributable to cardiovascular risk 
factors more remote in time and pathophysiology from 
the cardiac event.

Chronic kidney disease was the strongest risk fac-
tor identified and 20% of SCA cases were on dialy-
sis; among controls, this proportion was <1%. In the 
United States, the prevalence of chronic kidney dis-
ease among Hispanic or Latino individuals is similar to 
that among non-Hispanic or Latino White individuals, 
but the prevalence of end-stage renal disease requir-
ing dialysis or transplant is nearly 50% higher among 
Hispanic or Latino individuals.22 There is strong ev-
idence of high SCA risk among individuals with se-
vere kidney disease, particularly those on dialysis,23 
but limited information from community-based stud-
ies. Several published studies (none which reported 
results for Hispanic or Latino individuals) have found 
that reduced kidney function was associated with in-
creased SCA risk. These studies have been conducted 
among individuals from the general population free of 

coronary disease at baseline (the Atherosclerosis Risk 
in Communities  study),3 in patients with low ejection 
fraction,24,25 in patients within 90 days of a myocardial 
infarction,26 and among patients with significant coro-
nary disease.27 Other studies have either not evaluated 
kidney function (Framingham community-based SCD 
risk score),28 not reported a multivariable-adjusted effect 
estimate for kidney function,7 or have found that kidney 
disease was not significantly associated with SCA, for 
example among individuals with heart failure with pre-
served ejection fraction,29 or among patients with mild 
to moderate heart failure.30 A 2014 statement on SCA 
risk prediction and challenges for the future reported 

Table 4.  Multivariable Models: Clinical Risk Factors Significantly Associated With Sudden Cardiac Arrest in Hispanic or 
Latino Individuals

Model 1* OR (95% CI) P value Model 2† OR (95% CI) P value

Hypertension 1.0 (0.7–1.6) 0.86 1.1 (0.7–1.8) 0.68

Body mass index (per 1-unit 
increase)

1.03 (1.00–1.07) 0.09 1.02 (0.98–1.06) 0.40

Diabetes 1.5 (1.0–2.3) 0.07 1.7 (1.1–2.8) 0.03

Heavy drinker 4.5 (2.3–9.0) <0.001 4.4 (1.9–10.1) <0.001

Coronary artery disease 2.9 (1.5–5.9) 0.003 2.8 (1.3–6.0) 0.01

Atrial fibrillation 3.7 (1.7–7.9) 0.001 3.0 (1.3–7.3) 0.01

Heart failure 2.5 (1.2–5.1) 0.01 2.1 (0.9–4.7) 0.07

Stroke 3.1 (1.2–8.0) 0.005 3.1 (1.3–7.7) 0.01

Peripheral vascular disease 0.4 (0.2–1.0) 0.05 0.4 (0.1–1.0) 0.06

Pacemaker or AICD 1.5 (0.4–5.3) 0.53 1.1 (0.2–7.3) 0.93

Chronic kidney disease‡ 7.3 (3.8–14.3) <0.001 6.9 (3.4–14.2) <0.001

Cancer 1.6 (0.8–3.5) 0.21 1.5 (0.7–3.2) 0.35

AICD indicates automated implantable cardioverter-defibrillator.
*Model 1 adjusted for age, sex, and all other variables in the table.
†Model 2 adjusted for age, sex, place of birth, education, and all other variables in the table.
‡Chronic kidney disease included all individuals with chronic kidney disease, whether on dialysis or not on dialysis.

Table 5.  ECG and Echocardiogram Parameters of Sudden 
Cardiac Arrest Cases from Ventura PRESTO Study and 
Frequency-Matched Control Subjects from HCHS/SOL San 
Diego

SCA cases Controls P value

ECG parameters (n=124) (n=575)

Heart rate, bpm 80.1 (19.6) 60.0 (8.9) <0.001

QRS duration, ms 107 (27) 92 (14) <0.001

QTc interval, ms 484 (52) 414 (24) <0.001

LVH by ECG, n (%) 21 (14.8%) 45 (7.7%) 0.01

QRS-T angle, absolute 
degrees

72 (57) 26 (27) <0.001

Left atrial enlargement, 
n (%)

37 (27.4%) 105 (18.3%) 0.02

Echocardiogram 
parameters

(n=109) (n=487)

Left ventricular ejection 
fraction

49.0 (14.9) 68.7 (7.1) <0.001

Results presented as mean (SD) except where noted. LVH indicates left 
ventricular hypertrophy; SCA, sudden cardiac arrest.
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that kidney function is probably important for the SCA 
risk profile, and suggested evaluating risk factors as 
a function of age, sex, and ethnic background.31 Our 
study, the first to include feasible numbers of Hispanic 
or Latino individuals, highlights the importance of renal 
dysfunction as a risk factor for SCA in the community. 
While more data are needed to evaluate whether kid-
ney disease, particularly end-stage renal disease, is a 
stronger marker of arrhythmic risk in Hispanic or Latino 
individuals than in other groups, these data may indi-
cate that a different prevention strategy is needed in 
this population given the different arrhythmic triggers 
and unique pathophysiology in patients with end-stage 
renal disease.32 These data also highlight the possibility 
of reducing SCA risk among Hispanic or Latino individ-
uals, especially those with existing chronic kidney dis-
ease or its risk factors, via policies to improve healthcare 
access and quality. Earlier diagnosis and treatment of 
end-stage renal disease could reduce SCA risk as well 
as lead to other health benefits.

We also reported a significant increase in SCA risk 
with increased heart rate, prolonged QTc, and de-
creased LVEF. All of these markers have been associ-
ated with SCA, and LVEF is an established and clinically 
used risk predictor for SCA. These results suggest that 
additional results from ECG and echocardiogram eval-
uations could also be helpful in identifying Hispanic or 
Latino individuals at increased risk of SCA.6

Strengths and Limitations
To our knowledge, this is the first study evaluating pre-
dictors of SCA among Hispanic or Latino individuals. 
SCA cases were prospectively identified and carefully 
adjudicated and included SCA survivors (constituting 
≈10% of all cases). While some ethnicity-specific data 
on resuscitation circumstances and outcomes follow-
ing out-of-hospital SCA are available and suggest less 
favorable outcomes among Hispanic or Latino individu-
als including lower rates of bystander cardiopulmonary 

resuscitation,33 they do not provide information on pre-
diction of SCA occurrence.

We believe that the use of HCHS/SOL participants as 
control subjects allowed efficient analysis and leveraged 
the rich data available from the HCHS/SOL study, and 
that the HCHS/SOL participants from San Diego pro-
vided a good approximation of the source population 
from which the Ventura County Hispanic or Latino SCA 
cases were drawn. Of note, however, most participants 
at the San Diego HCHS/SOL study site were born out-
side the United States, while about half of the SCA cases 
from Ventura County were born outside the United 
States. This difference, as well as other differences be-
tween the 2 counties (proportion of urban versus rural, 
occupational differences, access to medical care) could 
have influenced cardiovascular disease risk, though 
when models were adjusted for place of birth, estimates 
for risk factors did not appreciably change. Additionally, 
individuals included in our study were predominantly 
of Mexican heritage. The prevalence of cardiovascular 
risk factors and established disease among Hispanic or 
Latino individuals varies based on region of origin,15 and 
therefore results may not be generalizable to Hispanic or 
Latino individuals from other regions. We also acknowl-
edge that the terms Hispanic or Latino can have different 
definitions based on cultural/regional contexts.

Furthermore, in a case control study, significant 
associations must be evaluated in the context of the 
study design. Though we designed our analysis using 
clinical history variables from each study that were as 
comparable as possible, because medical history was 
assessed differently in the 2 studies, there is a poten-
tial for some error in estimating the strength of asso-
ciations. Results for ECG and echocardiographically 
determined variables were estimated using inverse 
probability weighting to reduce potential bias because 
of systematic differences in cases with and without 
ECG and echocardiogram data. Nonetheless, the 
results on ECG and echocardiographic data should 
be viewed as hypothesis-generating because of the 

Table 6.  Multivariable Associations of ECG and Echocardiogram Parameters With SCA

Model 0* OR (95% CI) P value Model 1† OR (95% CI) P value

ECG model

Heart rate (per 1-SD)‡ 1.6 (1.2–2.1) <0.001 1.8 (1.3–2.6) 0.002

QRS duration (per 1-SD)‡ 1.2 (0.9–1.7) 0.28 1.3 (0.8–2.0) 0.26

QTc interval (per 1-SD)‡ 3.0 (1.7–5.3) <0.001 2.5 (1.3–4.8) 0.007

QRS-T angle (per 1-SD)‡ 1.3 (1.0–1.7) 0.04 1.2 (0.8–1.9) 0.33

Left atrial enlargement 1.9 (0.7–5.0) 0.22 2.2 (0.5–9.5) 0.31

Echocardiogram model

LVEF (per 1-SD‡ decrease) 3.7 (2.7–4.9) <0.001 4.4 (2.4–8.1) <0.001

LVEF, left ventricular ejection fraction; OR, odds ratio; and SCA, sudden cardiac arrest.
*ECG Model 0 adjusted for age, sex, and ECG variables listed. Echocardiogram model adjusted for age and sex.
†ECG and Echocardiogram Model 1: adjusted as for Model 0, as well as all clinical variables in Table 4.
‡SD in control subjects: heart rate SD 8.9, QRS duration SD 14, QTc interval SD 24, QRS-T angle SD 27, LVEF SD 7.1.
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potential for residual bias. While the overall consistency 
of our findings with those of other studies of SCA lend 
credibility to our results, ideally our findings should be 
replicated in another population.

CONCLUSIONS
In this first population-based study of SCA among 
Hispanic or Latino individuals, the strongest predictor of 
SCA was chronic kidney disease. Other predictors in-
cluded coronary artery disease, atrial fibrillation, heart 
failure, stroke, diabetes, heavy drinking, heart rate, QTc 
interval, and LVEF. These findings provide information 
that could be useful in designing public health and medi-
cal interventions to reduce SCA risk among Hispanic or 
Latino individuals. Because of the strong association of 
kidney disease with SCA in our study, early identification 
and management of chronic kidney disease could re-
duce risk of SCA among Hispanic or Latino individuals. 
Cardiovascular disease prevention and optimal treat-
ment of existing cardiac disease may also reduce risk.
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