
American Heart Journal Plus: Cardiology Research and Practice 38 (2024) 100357

Available online 26 December 2023
2666-6022/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Short Communication 

Impact of social vulnerability on comorbid COVID-19 and acute myocardial 
infarction mortality in the United States☆ 
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A B S T R A C T   

The trajectory of several cardiovascular diseases (CVD), including acute myocardial infarction (AMI), has been 
adversely impacted by COVID-19, resulting in a worse prognosis. The Social Vulnerability Index (SVI) has been 
found to affect certain CVD outcomes. In this cross-sectional analysis, we investigated the association between 
the SVI and comorbid COVID-19 and AMI mortality using the CDC databases. The SVI percentile rankings were 
divided into four quartiles, and age-adjusted mortality rates were compared between the lowest and highest SVI 
quartiles. Univariable Poisson regression was utilized to calculate risk ratios. A total of 5779 excess deaths and 
1.17 excess deaths per 100,000 person-years (risk ratio 1.62) related to comorbid COVID-19 and AMI were 
attributable to higher social vulnerability. This pattern was consistent across the majority of US subpopulations. 
Our findings offer crucial epidemiological insights into the influence of the SVI and underscore the necessity for 
targeted therapeutic interventions.   

COVID-19 may yield multiple cardiovascular complications, 
including acute myocardial infarction (AMI) and is associated with 
worse prognosis [1]. The social vulnerability index (SVI), a measure of 
resilience among United States (US) communities when confronted by 
external stressors, has been shown to impact a wide spectrum of car-
diovascular diseases (CVD) [2]. The SVI is based on four unique themes, 
encompassing 16 social factors, displayed in Table 1. In this study, we 
evaluate the impact of the SVI on comorbid COVID-19 and AMI mor-
tality rates in the US. 

SVI and US mortality data were obtained from the Centers for Dis-
ease Control and Prevention Agency for Toxic Substances and Disease 
Registry and Wide-ranging Online Data for Epidemiologic Research 
databases, respectively [3,4]. Mortality information were queried 
through death certificates by International Classification of Diseases, 
Tenth Revisions (ICD-10) codes, provided through the National Vital 
Statistics System. All deaths related to COVID-19 (ICD-10: U07.1) and 
AMI (ICD-10: I21) in the multiple causes of death files were obtained 
from January 1st 2020 to December 31st 2021, and corresponding de-
mographic information (i.e., sex, ethnicity and race, and area of resi-
dence) were made available. Ethnicity was classified as Hispanic (all 

decedents with Spanish origin) or non-Hispanic populations, which 
cumulatively encompassed the US population unless this was classified 
as “Other” on their death certificates. Race was described as non- 
Hispanic Black, non-Hispanic White, and non-Hispanic Asian/Pacific 
Islander populations. Mortality data was adjusted to age using the direct 
method with the 2000 US population as the standard. Absolute death 
counts, population sizes, and crude-mortality rates are made available in 
the CDC databases and are easily replicable. 

SVI data were obtained in the form of overall percentile rankings 
from 0 to 1, with 1 being indicative of higher social vulnerability. 
County-level percentile rankings (3141 counties) were grouped into four 
quartiles, with quartile 1 (Q1) being the least socially vulnerable, and 
quartile 4 (Q4) being the most socially vulnerable. Excess or less deaths 
per 100,000 person-years were estimated by comparison of age-adjusted 
mortality rates (AAMR) between Q4 and Q1, and risk ratios were esti-
mated through univariable Poisson regression analyses. Confidence in-
tervals that did not include 1 were considered significant. Institutional 
review board was not necessary given the anonymized and publicly 
available nature of the data. 

A total of 19,633 deaths related to AMI and COVID-19 were 
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identified in 2020 and 2021. There were 2253 deaths in Q1 and 8032 
deaths in Q4, with higher social vulnerability accounting for 5779 
excess deaths in the US. AAMR was higher in Q4 (3.07) as compared to 
Q1 (1.90) and higher SVI accounted for a cumulative 1.17 excess deaths 
per 100,000 person-years (RR: 1.62 [95 % CI, 1.54–1.69]) (Table 2). 
Subgroup analyses by sex revealed similar trends. Higher SVI accounted 
for 1.60 and 0.79 excess deaths per 100,000 person-years in males (RR: 
1.59 [95 % CI, 1.50–1.69]) and females (RR: 1.61 [95 % CI, 1.49–1.73]), 
respectively (Fig. 1). Both Hispanic and non-Hispanic populations were 
also impacted by higher AMI and COVID-19 mortality in regions with 
higher social vulnerability. Specifically, 1.82 and 0.80 excess deaths per 
100,000 person-years were observed for Hispanic (RR: 1.64 [95 % CI, 
1.32–2.03]) and non-Hispanic (RR: 1.43 [95 % CI, 1.36–1.50]) pop-
ulations, respectively. These findings were consistent across non- 
Hispanic White (RR: 1.63 [95 % CI, 1.55–1.72]) populations but not 
for non-Hispanic Black (RR: 1.18 [95 % CI, 0.97–1.45]) and non- 
Hispanic Asian populations (RR: 1.32 [95 % CI, 0.98–1.77]). Three of 
the US census regions (i.e., Northeast, South, and West) were negatively 
impacted by higher AMI and COVID-19 mortality in regions with higher 
social vulnerability whereas the Midwest (RR: 0.72 [95 % CI, 
0.64–0.80]) was not impacted. 

We identified the impact of higher SVI resulting in greater COVID-19 
and AMI mortality, consistently across the majority of our included 
demographic subpopulations. These findings have important epidemi-
ological implications and provide foundational knowledge regarding the 
impact of social vulnerability in the US. 

SVI has been associated with a wide range of socioeconomic in-
equalities, translating into healthcare barriers. Regions with higher SVI 
often have crowded living conditions and greater number of front-line 
workers that work away from home, increasing risk of COVID-19 
exposure [2]. Socially vulnerable communities are also exposed to a 
higher pollution burden, increasing risk of adverse outcomes related to 
COVID-19 [5]. These same areas include more challenges towards 
implementation of preventive measures including hygiene practices, 
vaccinations, and social distancing. These factors may not solely be 
related to infrastructure limitations, but also mistrust in the healthcare 
system fueled by historical systemic biases. Greater SVI may also lead to 
poor access to healthcare, significantly impacting outcomes [6]. SVI has 
also been associated with increased cardiovascular complications and 
poor outcomes [2]. Furthermore, COVID-19 has been shown to impact 
outcomes associated with AMI through reluctance of seeking early 
medical attention, less access to cardioprotective medications, trig-
gering of hyperinflammatory responses, and large infarct sizes [1,7,8]. 

Our study includes limitations. The cross-sectional design precludes 
establishing causality due to the absence of a temporal sequence, po-
tential selection bias, and a lack of adjustments for other variables. Use 
of death certificates to identify causes of death may also be impacted by 
misclassification biases given the inconsistencies in how they are 
completed. Furthermore, ecological fallacy remains a possibility as our 
population-level data may not be extrapolated to individual-level cir-
cumstances. Lastly, the lack of individual-level data in the CDC re-
pository limited our analysis, preventing adjustments for personal 
comorbidities, lifestyle factors, and socioeconomic status, leading to 
potential residual confounding. For instance, individuals with higher 
socioeconomic status in areas with greater SVI values may not experi-
ence the same elevated mortality rates as those with lower socioeco-
nomic status within the same SVI areas. 

The simultaneous burden of COVID-19 in individuals with underly-
ing AMI further complicates the healthcare landscape, increasingly for 
socially vulnerable populations. Our study highlights the critical need 

Table 1 
Social vulnerability index.  

Household 
characteristics 

Socioeconomic 
status 

Housing Type and 
Transportation 

Racial and ethnic 
minority status 
(one of the below) 

Aged 17 or 
younger 

No high school 
diploma 

Mobile homes Hispanic or Latino 

Aged 65 or older Housing cost 
burden 

Crowding Black and African 
American 

Civilian with a 
disability 

Below 150 % 
poverty 

Group quarters American Indian 
and Alaska Native 

English language 
proficiency 

Unemployed No vehicle Asian 

Single-parent 
households 

No health 
insurance 

Multi-unit 
structures 

Native Hawaiian 
and Other Pacific 
Islander 

Table depicts the four themes and 16 social factors encompassed within the SVI 
ranking. 
Abbreviations: SVI = social vulnerability index. 

Table 2 
COVID-19 and acute myocardial infarction mortality across SVI quartiles.   

Q1-AAMR (95 % CI) Q2-AAMR (95 % CI) Q3-AAMR (95 % CI) Q4-AAMR (95 % CI) RR (95 % CI) 

Cumulative 
All 1.9 (1.82–1.98) 1.94 (1.88–2.00) 2.27 (2.21–2.33) 3.07 (3.00–3.14) 1.62 (1.54–1.69)  

Sex 
Female 1.3 (1.22–1.39) 1.26 (1.19–1.33) 1.51 (1.44–1.58) 2.09 (2.01–2.16) 1.61 (1.49–1.73) 
Male 2.69 (2.54–2.83) 2.76 (2.65–2.87) 3.21 (3.09–3.32) 4.29 (4.16–4.41) 1.59 (1.50–1.69)  

Ethnicity 
Hispanic 2.85 (2.25–3.56) 2.2 (1.89–2.51) 3.38 (3.10–3.66) 4.67 (4.48–4.86) 1.64 (1.32–2.03) 
Non-Hispanic 1.87 (1.79–1.95) 1.91 (1.85–1.97) 2.16 (2.10–2.23) 2.67 (2.60–2.74) 1.43 (1.36–1.50)  

Race 
Non-Hispanic Black 2.79 (2.25–3.43) 2.14 (1.88–2.41) 2.81 (2.58–3.04) 3.3 (3.14–3.47) 1.18 (0.97–1.45) 
Non-Hispanic White 1.88 (1.79–1.96) 1.98 (1.91–2.04) 2.23 (2.16–2.30) 3.07 (2.99–3.15) 1.63 (1.55–1.72) 
Non-Hispanic Asian 1.89 (1.39–2.50) 1.26 (1.04–1.48) 1.82 (1.57–2.06) 2.49 (2.24–2.74) 1.32 (0.98–1.77)  

Census Region 
Northeast 1.68 (1.53–1.84) 1.75 (1.64–1.87) 1.83 (1.70–1.96) 2.42 (2.24–2.59) 1.44 (1.29–1.61) 
Midwest 2.13 (2.01–2.25) 2.47 (2.33–2.62) 2.44 (2.28–2.59) 1.53 (1.38–1.69) 0.72 (0.64–0.80) 
South 1.84 (1.64–2.04) 2.00 (1.90–2.11) 2.62 (2.51–2.73) 3.46 (3.35–3.56) 1.88 (1.69–2.10) 
West 1.47 (1.24–1.70) 1.35 (1.24–1.47) 1.91 (1.80–2.02) 3.16 (3.03–3.30) 2.15 (1.84–2.52) 

Table includes all AAMRs across the SVI quartiles. Risk ratios and corresponding 95 % confidence intervals are depicted through comparison of Q4 and Q1. 
Abbreviations: AAMR = age-adjusted mortality rate, AMI = acute myocardial infarction, CI = confidence interval, Q = quartile, SVI = social vulnerability index. 
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for interventions that are specifically tailored to these populations. Such 
interventions could include expanding telemedicine services, deploying 
community health workers, establishing mobile health clinics, and 
creating robust social support programs. Additionally, the regular 
reassessment of policy measures aimed at enhancing healthcare acces-
sibility, along with increased funding for community health centers, 
could play a significant role in reducing social vulnerability and nar-
rowing health disparities across the United States. 
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