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BACKGROUND: Social influencers of health namely race, ethnicity, and structural inequities are known to affect the incidence of out
of hospital sudden death (OHSD). We sought to examine the association between social influencers of health and the incidence
of OHSD in the diverse neighborhoods of New York City during the first wave of coronavirus disease 2019 (COVID-19) epidemic.

METHODS: New York City ZIP stratified data on OHSD were obtained from the Fire Department of New York during the first
wave of COVID-19 epidemic (March 1 to April 10, 2019) and the same period in 2020. To assess associates of OHSD, ZIP
code-specific sociodemographic characteristics for 8491238 New York City residents were obtained via the US Census
Bureau’s 2018 American Community Survey and the New York Police Department's crime statistics.

RESULTS: Between March 1 and April 10, 2020, the number of OHSD rose to 4334 from 1112 compared with the year
prior. Of the univariate ZIP code level variables evaluated, proportions of Black race, Hispanic/Latino ethnicity, single parent
household, unemployed inhabitants, people completing less than high school education, inhabitants with no health insurance,
people financially struggling or living in poverty, percent of noncitizens, and population density were associated with increased
rates of OHSD within ZIP codes. In multivariable analysis, ZIP codes with higher proportions of inhabitants with less than
high school education (F<0.001) and higher proportions of Black race (P=0.04) were independent predictors for increases
in ZIP code rates of OHSD.

CONCLUSIONS: Educational attainment and the proportion of Black race in New York City ZIP codes remained independent
predictors of increased rates of ZIP code level OHSD during the COVID-19 outbreak even after controlling for 2019 rates.
To facilitate health equity, future research should focus on characterizing the impacts of structural inequities while exploring
strategies to mitigate their effects.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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WHAT IS KNOWN?

* Social and economic factors affect a broad range
of health outcomes, including mortality.

+ Coronavirus disease 2019 (COVID-19) has exacer-
bated extant health disparities in the United States,
including race-based disparities.

WHAT THE STUDY ADDS?

* During the initial surge of the COVID-19 pandemic
in New York City, increased rates of out-of-hospital
sudden death varied greatly across residential ZIP
codes.

¢ At the zip code level, having less than a high school
education and Black race were the sociodemographic
factors most strongly associated with increased out-
of-hospital sudden death during the surge.

Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019

NYC New York City

OHSD out of hospital sudden death
SIOH social influencers of health
ZCTA zip code tabulated area

death and out of hospital sudden death (OHSD) in
particular.®*

Early reports detail a significant increase in the inci-
dence of OHSD during the first COVID-19 outbreak.
In Italy, over the first 40 days of the COVID-19 out-
break, there was a 58% increase in out-of-hospital
cardiac arrests when compared with a historical con-
trol.* In New York City, there was a reported 4.97-fold
increase in the incidence of OHSD during the surge of
the COVID-19 pandemic.®

The cause of this dramatic increase is most likely mul-
tifactorial. There is evidence of an increased prevalence
of arrhythmias in hospitalized patients with COVID-19.°
Hypoxia, systemic inflammatory response, and meta-
bolic disorder” during COVID-19 create the metabolic
milieu for arrhythmogenesis. The presence of myocar-
ditis or indolent myocardial inflammation reported in
recovered COVID-19 patients may serve as a potential
substrate for ventricular arrythmias. In addition, nonar-
rhythmic cause, such as pulmonary embolism or fulmi-
nant respiratory failure is another plausible cause for
the sudden demise of those patients® Last, patients
feared coming to the hospital and were encouraged to
stay home, resulting in a marked reduction in admis-
sions for myocardial infarction, suggesting patients
delayed or completely avoided seeking care.

Beyond the physiological and psychological contribu-
tors that may have accounted for the increased incidence
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of OSHD, there exists widespread report of the dispro-
portionate burden of COVID-19 on disadvantaged com-
munities.’ Prior studies have demonstrated that OHSD
affects Black and Hispanic residents at higher rates in
the United States, possibly linked to levels of educa-
tion, income, and medical insurance status.'®'" Similarly,
emerging COVID-19-related data continues to unmask
the disparities that Black and Hispanic communities have
disproportionately experienced from COVID-19 in New
York City (NYC).'2-14

Perpetuating these disparities are factors such as
education, poverty, and employment, known as social
influencers of health (SIOH), which have been shown to
have a significant impact on health outcomes.’ Indica-
tors of structural inequities such as disparities in wealth
and education have been implicated in the increased
mortality rates during the COVID-19 pandemic.

New York City experienced significant mortality dur-
ing the first wave of the COVID-19 epidemic. Coupled
with its extraordinary racial and socioeconomic diversity,
NYC presents a unique opportunity to study the rela-
tionship between SIOH and OHSD. This study aims to
examine the association between SIOH and their rela-
tionship to OHSD among 178 NYC ZIP codes during
the first wave of the epidemic.

METHODS

Study Sample

The data that support the findings of this study are available
from the corresponding author upon reasonable request. The
Fire Department of New York is the primary emergency medi-
cal service for the 8.5 million people living in the 5 boroughs
of New York City, which include the Bronx, Queens, Manhattan,
Brooklyn, and Staten Island. Data on the number of emergency
medical service responses for out-of-hospital cardiac arrests,
and the number of those responses resulting in OHSD from
March 1 to April 10, 2020, as well as the same time period 1
year prior was obtained. After a cardiac arrest call, emergency
medical service personnel confirm if the patient is pronounced
dead or if there is another disposition. Those pronounced dead
on site were labeled as sudden deaths in this study. The OHSD
data were stratified by ZIP codes both for 2019 and 2020. In
addition, NYC crime statistics'® and US Census Bureau data
from the 2018 American Community Survey were used to pro-
vide sociodemographic data on people living in NYC, stratified
by neighborhood ZIP codes.

Zip code tabulated area (ZCTA) data were pulled from
the American Community Survey 2014 to 2018 (5-year
Estimates) for each corresponding zip code provided by the
Fire Department of New York. ZCTAs are spatial units designed
by the US Census Bureau to closely align with US Postal
Service ZIP codes. We used a 2019 ZIP code-to-ZCTA cross-
walk'” file to link data provided by the Fire Department of New
York to ACS ZCTAs. For the 2 instances in which a ZCTA over-
laid >1 ZIP code, we summed the component ZIP code sud-
den deaths. When individual level data are unavailable, public
health mortality analyses utilize area-based data to determine
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the effects of socioeconomic status.'® Socioeconomic status
indicators at the ZIP code level have been shown to be useful
for assessing disparities in health outcomes.'®

In addition to race, ethnicity, sex, and age, the SIOH used
in this analysis consisted of single parent households (social
support), median income, poverty index, completion of high
school diploma (education), completion of bachelor's degree
(education), employment status, health insurance (private, pub-
lic, or none), the Gini index, citizenship status, and crime levels.
Institutional Review Board approval was not required, as this
study utilized de-identified publicly available data.

Statistical Analysis

ZIP codes with fewer than 2000 inhabitants were excluded
from analysis. As a surrogate of OHSD increase during the
COVID-19 pandemic, we used the ratio between the recorded
OHSDs during the periods March 1 to April 10 in 2020 and
2019. The distribution of this ratio was significantly skewed
rightward, and we therefore used the logarithmic transforma-
tion of this ratio for regression analyses. Univariate analysis
was also performed on the incidence of 2019 OHSD per
10000 inhabitants for comparison reasons. Race and ethnic-
ity were divided into mutually exclusive groups: Black alone,
Hispanic, Asian alone, White alone, and Other. White was used
as the referent category for race/ethnicity. Spearman rank cor-
relation coefficient analysis was applied to determine the rela-
tionship between race/ethnicity and selected significant SIOH
variables. Multiple linear regression was performed for the out-
come of log of the ratio of OHSD using covariates that were
predictive at A<0.05 on univariate linear regression analysis.
We used stepwise elimination to achieve a parsimonious multi-
variable model. A<0.05 was considered statistically significant
for all analyses. Analysis was performed on SAS 9.4 (Cary, NC).

RESULTS

In total, data were analyzed for 178 ZIP codes that
cover 84919238 NYC residents. (Table 1) The absolute
number of OHSD from March 1 to April 10, 2019 was
1112. The number increased to 4334 during the same
time period in 2020. The ratio of OHSD 2020:2019
was plotted for each ZIP code (Figure 1). The OHSD
ratios varied significantly among the 178 NYC ZIP
codes with the lowest value of 0.25 and the highest of
19.6 (Figure 1). The results from the regression analysis
were regression coefficients (B) that predict increases
or decreases in ZIP code OHSD based on a variable
if B is positive or negative, respectively. The higher the
numerical value of 3, the larger the associated predicted
increase or decrease on the ratio of OHSD in the ZIP
code. For example, a 10% increase in a ZIP code vari-
able would cause a predicted 9% change in OHSD
in that ZIP code. For every 10% increase in propor-
tion of inhabitants with less than high school education,
there was an approximate 23% increase in the ratio of
OHSD in that ZIP code (3=2.08; A<0.001). For every
10% increase in proportion of Black residents in a ZIP
code, there was a 4.3% increase in the ZIP code ratio
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of OHSD, keeping all other variables in the model con-
stant (3=0.42; P=0.04).

Among the respective ZIP codes, univariate analy-
sis revealed that higher proportions of Black race
(P=0.01), Hispanic/Latino ethnicity (P=0.009), single
parent household (P=0.001), unemployment (P=0.03),
persons completing less than high school education
(F<0.001), persons with no health insurance (A<0.001),
persons financially struggling or living in poverty
(P<0.001), noncitizens (P=0.004), and higher popula-
tion density (P=0.04) were associated with increased
rates of OHSD during the epidemic. On the contrary,
higher proportions of inhabitants age >65 (£<0.001),
higher median income (P<0.001), percentage with no
retirement income (P=0.003), and higher proportions
of White inhabitants (/<0.001) were found to have sta-
tistically significant coefficients that were associated
negatively with the increased incidence of OHSD dur-
ing the epidemic (Table 1). For comparison, the SIOHs
that were associated with higher incidence of OHSD per
10000 habitats for 2019 were single parent household
(P=0.003), persons completing less than high school
education (P=0.033), persons financially struggling or
living in poverty (P=0.001), and proportions of inhabit-
ants age >65 (F<0.001).

Spearman rank correlation coefficient analysis was
applied to examine the relationship between race/eth-
nicity and selected significant SIOH variables. There was
a positive correlation between the percentage of Black
and Hispanic populations in a ZIP code and the percent-
age of people whose highest level of education reached
was less than high school with =0.40 and 0.77, respec-
tively (Table 2, Figure 2). There was a negative correla-
tion between percentages of White and Asian population
and percentage of people with the highest level of edu-
cation reached being less than high school within a ZIP
code, with correlation coefficients =-0.73 and —0.18,
respectively (Table 2, Figure 2).

The statistically significant variables in the univariate
analysis listed in Table 1 were entered into a multivari-
able model and only the proportions completing less
than high school education (£<0.001) and the propor-
tions of Black race (F=0.04) in ZIP codes remained as
independent predictors of increased ratio of OHSD in
the model. (Figure 3).

DISCUSSION

During the COVID-19 pandemic surge in New York
City, there was a 4.97-fold increase in the incidence of
OHSD compared with the same time period in 2019.2
This increase was distributed unequally across the NYC
ZIP codes with the ratio of increase ranging from 0.25
to 19.5. Many of the SIOH were found to be univariate
predictors of this increase with proportion of educa-
tion less than high school and proportion of Black race
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Table 1. NYC Demographics and Univariate Linear Regression Analysis of Log 2020:2019 Ratio

Out-of-Hospital Sudden Death

Variable* NYC (n=8491238) B 95% Cls P value
Percent male 47.7% 1.85 (—2.32 to0 6.01) 0.38
Percent age over 65 14.1% —-3.7 (—5.88 to —1.55) <0.001
Percent White alone 29.7% —0.97 (—1.30 to —0.6) <0.001
Percent Black alone 24.7% 0.54 (0.23 to 0.96) 0.01
Percent Hispanic or Latino alone 23.7% 0.69 (0.18 to 1.21) 0.009
Percent Asian alone 18.3% 0.2 (—0.52 to 0.92) 0.59
Percent other race 3.3% 0.3 (—0.30 to 0.90) 0.34
Percent single parent household 23.0% 1.49 (0.61 to 2.38) 0.001
Percent unemployed 6.9% 9.1 (1.06 to 17.1) 0.03
Percent less high school 18.3% 1.26 (0.64 to 1.89) <0.001
Percent no health insurance 8.4% 5.18 (2.56,7.79) <0.001
tPercent poverty index under 2.0 37.3% 1.37 (0.07,2.01) <0.001
Median household income $66527 —0.01 (—0.01 to —0.004) <0.001
(51095 to 88595)

Percent no retirement income 12.8% —2.10 (—8.43 to —0.75) 0.003
#Gini index 0.48+0.07 —0.48 (—2.31 to 1.35) 0.61
Log population density (per square mile) 10.7 0.13 (0.004 to 0.26) 0.04
§Crime rate per 1000 residents 16.4+£16.2 —0.003 (—0.02 to 0.01) 0.62
Percent not a citizen 16.2% 2.16 (0.72 to 3.59) 0.004

NYC indicates New York City.
*Missing variable data range from 0% to 1.6%.

tPoverty index=total family income/census poverty threshold. <1, living in poverty. Index 1-2 poor and financially struggling.
https://www2.census.gov/programs-surveys/acs/tech_docs/subject_definitions/2018_ACSSubjectDefinitions.pdf?#.
$Gini index is a measure of income inequality. O, perfect income equality. 1, perfect income inequality.

§Major felony crimes were included.

being independent predictors of an OHSD increase at
the ZIP code level.

Education is a pivotal SIOH, affecting life choices
and mortality, by providing increased access to social
and economic resources.?® There is a known inverse
relationship between educational attainment and car-
diovascular disease in high-income countries.?' Wood-
ward et al?? showed in a cohort of 90000 participants
that a primary education was associated with increased
risk of cardiovascular disease, cardiovascular mortality,
and all-cause mortality compared with those with a sec-
ondary or tertiary education. These population-based
studies have also found higher education is inversely
related to smoking, high blood pressure, diabetes, and
risk of acute myocardial infarction.?2-?® In addition, indi-
viduals with lower educational attainment have been
found to have more comorbidities, and cardiovascular
risk factors?5?” and are therefore more likely to have a
complicated course of COVID-19.

Lower education level is associated with lower lev-
els of health literacy, which are, in turn, associated with
increased mortality risk?2° The Institute of Medicine®
suggests that health literacy explains the relationship
between education and health and that educational
attainment is the most important determinant of health
literacy levels. A CDC report found 40.9% of adults in the
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United States delayed or avoided seeking medical care
because of confusion related to COVID-19.3" This is con-
sistent with recent reports that found a significant overall
decrease in emergency department visits, especially for
myocardial infarction and stroke.®2%" Confusion about
when to seek urgent medical care and difficulty obtaining
appropriate medical guidance or services may have had a
disproportionate impact on those with low health literacy,
which could explain the association seen between edu-
cational attainment and increased OHSD in this analysis.

The proportion of Black residents was the second pre-
dictor of OHSD increase in our multivariable model. The
population-based REGARDS (Reasons for Geographic
and Racial Differences in Stroke) study found that among
22507 participants without a history of cardiovascular
disease, Black participants had a 2-fold higher risk of
sudden cardiac death®® even when adjusting for sociode-
mographic, cardiovascular risk factors, comorbidities, and
behavioral measures of health. Multiple community-based
studies using various sudden cardiac death surveillance
methodologies have shown the same conclusion: there is
an increased risk of sudden death in the Black population
not explained by available factors.®

One hypothesis for this finding is the negative physi-
ological effects of stress associated with races who face
higher levels of discrimination. Studies looking at the
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Ratio of Sudden Death
., s
0.00 19.50

New York City Zip Codes

Figure 1. Out-of-Hospital Sudden Death Increase during First COVID-19 Pandemic Outbreak in New York City.
Geographic distribution of out-of-hospital sudden death ratio 2020:2019 in New York City zip codes (A). Graphic representation of sudden

death ratios from low to high (B).

physiological effects of racial discrimination have shown
higher chronic levels of C-reactive protein and cortisol
among Black people in the United States as a result of
discrimination, suggesting a physiological explanation for
the finding of increased sudden death.*°-** The associa-
tion between racial discrimination, stress, and adverse
cardiovascular outcomes have been recently emphasized
in multiple publications, including a statement by the
American Heart Association, calling for further research
to build toward health equity.*54®

In a similar fashion, lower socioeconomic status has
also been implicated as an explanation for increased
sudden death. While the occurrence of higher rates of
obesity, hypertension, and coronary artery disease are
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reported in the Black population*” and are risk factors
for COVID-19-related mortality,"2%4® Black residents are
also more likely to live in under resourced neighborhoods
lacking access to appropriate health care resources.*®
Fundamental cause theory suggests racial disparity is not
driven by the disease itself, but by SIOH that may limit the
group's access to essential health protective resources for
preventing disease.® It is plausible that access to health
protective resources could be driving the disparity seen in
ZIP codes with higher proportion of Black residents.

The American Heart Association highlights that a
positive outcome for cardiac arrest is dependent on the
chain of survival®' Historically, disparities in emergency
service response and resuscitation procedures are widely
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Table 2. Correlation Between Selected Significant Univariate Variables and Race Using Spearman Rho

Correlation Coefficient

%Hispanic or

Latino %Asian %Black %White
Median household income (in 2018 inflation adjusted dollars) —0.68* 0.35* —-0.51* 0.71*
% No health insurance coverage 0.64* —0.06 0.31* —0.68*
% Poverty index under 2.0 0.72* —0.30" 0.50* —0.68*
% Less than high school 0.77* —0.18t 0.40* —0.73*
% Unemployed 0.56* —0.49*% 0.67* —0.69*
% Single parent family 0.568* —0.56* 0.74* —0.88*

Correlation of variables with percentage of race/ethnicity in a ZIP code. Values for Spearman coefficient, r, is denoted in the chart.

*Correlation is significant at the 0.01 level (2-tailed).
tCorrelation is significant at the 0.05 level (2-tailed).

noted, Wilde et al®? showed Black residents were less
likely to receive defibrillation or cardiopulmonary resus-
citation and experience a spontaneous return of circula-
tion. An interim guideline released by the American Heart
Association during the COVID-19 surge encouraged lay
rescuers to perform hands only CPR. Under these guide-
lines, emergency medical services were also instructed
to not transfer patients to a hospital after appropriate
resuscitation efforts in the field did not result in return
of spontaneous circulation.®® Sasson et al®* found that
bystander-initiated CPR was less likely to be performed
in patients with out-of-hospital cardiac arrest in low-
income Black neighborhoods. Lai et al' found out of
hospital cardiac arrest disproportionately affected minor-
ity populations. Fear of potential exposure to COVID-19,
in conjunction with preexisting disparities in the perfor-
mance of resuscitation procedures may have contributed
to the increased incidence of OSHD in ZIP codes with
higher proportion of Black residents.

While it is impossible to know the exact mechanism of
OHSD without patient level data, ZIP code level analy-
sis showed that a higher proportion of less than high
school education and Black residents are associated
with increased incidence of OSHD during the COVID-19
pandemic in NYC. These findings show that previously
entrenched disparities in under resourced communities

were amplified during the COVID-19 pandemic. Evidence-
based social change is needed to impact health care out-
comes. Clear public health mandates, encouraging patients
to seek as well as providing care for acute health conditions,
are needed especially in ZIP codes with low education
attainment which has been shown to influence health lit-
eracy. When misinformation and widespread confusion are
rampant, those with low health literacy may need targeted
guidance about how and where to seek care. In addition,
barriers to providing early CPR, early defibrillation, and early
advanced cardiac life need to identified and addressed as
part of community-based equity initiatives.2"®

Limitations

As the demographic and socioeconomic characteristics
of individual cases are not known, we used the socioeco-
nomic characteristics of the geographic ZIP code area as
a surrogate, which can be a limitation of this analysis. Cen-
sus data were reported in 2018 and were based on the
American Community Survey conducted between 2014
and 2018. Although these are the most updated data, it is
plausible that there are differences from the 2020 census.
In addition, we could not adjust for temporary ZIP code—
specific changes in population as a result of migration
of wealthy individuals to vacation homes and areas that

Percent Race or Ethnicity

Percent Less than High School

M Percent Black, r = 0.40
Percent White, r=-0.73
# Percent Hispanic/Latino, r =.0.77

=~ Percent Asian, r=-0.18

Figure 2. Correlation analysis between
percentage of race/ethnicity and
percentage less than high school
education in ZIP codes.

Spearman correlation coefficient, r, is
reported.
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% Change in
Out of
Hospital Sudden [T
Death T
2173
1518
862
0.90
0,63
207 ¥ LI LI TS T L Proportion
— L : /037
0.90 2 37 Less than
- 0.37 B 4 High School
‘ 0.10 0.10
Proportion Black Race
Multivariate Model Confidence Interval
g Lower Limit | Upper Limit| p value
Proportion Black Race 0.42 0.02 0.83 0.04
Proportion Less than High School 2.08 1.07 3.10 <0.001

Figure 3. Displays the lower predicted rate of increase (effect of g) in ZIP code level out of hospital sudden death (OHSD) with
higher proportion of (10%-90%) Black population (angle with x axis) compared with the higher predicted rate of increase in
OHSD with higher (10%-90%) of people with less than high school in a ZIP code (angle with y axis).

Rate of increase in ZIP code ratio of OHSD with increasing % of both Black and less than high school (angle with xy surface) in a ZIP code.

were less affected by the endemic surge. That coupled
with the fact that elderly patients were more likely to be
hospitalized might explain the paradox of a lower increase
of OHSD in ZIP codes with a higher percentage of popu-
lation >65 years of age. It is possible not all OHSDs may
have resulted in an emergency medical service response
and are therefore not reflected in this dataset. Finally, the
cause of sudden death is unknown as it was not reported
by the Fire Department of New York. However, this does
not invalidate the findings of increased OHSD and the
social factors impacting death during the pandemic.

Conclusions

The proportion of people with less than a high school
education and the proportion of Black residents in NYC

Circ Arrhythm Electrophysiol. 2021;14:e009646. DOI: 10.1161/CIRCEP.120.009646

ZIP codes were significantly associated with increased
rates of OHSD during the COVID-19 NYC pandemic.
Addressing components of structural inequities, includ-
ing low health literacy among those with less than high
school education, may positively impact survival. Results
from future research must continue to inform leaders in
health care and public policy. This should encourage the
creation of equitable laws, policies, and practices that can
dismantle structural inequities, which in turn, can save
lives. Further studies are needed to identify the mecha-
nism of increased OHSD during a pandemic which are
not reported in this study.
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