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A B S T R A C T   

The coronavirus disease 2019 (COVID-19) pandemic has been associated with a declining volume of patients 
seen in the emergency department. Despite the need for seeking urgent care for conditions such as myocardial 
infarction, many people may not seek treatment. This study seeks to measure associations between the COVID-19 
pandemic and location of death among individuals who died from ischemic heart disease (IHD). Data obtained 
from death certificates from the Arkansas Department of Health was used to conduct a difference-in-difference 
analysis to assess whether decedents of IHD were more likely to die at home during the pandemic (March 2020 
through September 2020). The analysis compared location of death for decedents of IHD pre and during the 
pandemic to location of death for decedents from non-natural causes. Before the pandemic, 50.0% of decedents 
of IHD died at home compared to 57.9% dying at home during (through September 2020) the pandemic study 
period (p < .001). There was no difference in the proportion of decedents who died at home from non-natural 
causes before and during the pandemic study period (55.8% vs. 53.5%; p = .21). After controlling for con-
founders, there was a 48% increase in the odds of dying at home from IHD during the pandemic study period (p 
< .001) relative to the change in dying at home due to non-natural causes. During the study period, there was an 
increase in the proportion of decedents who died at home due to IHD. Despite the ongoing pandemic, practi-
tioners should emphasize the need to seek urgent care during an emergency.   

1. Introduction 

By late-September 2021, more than 4.7 million people worldwide 
have died due to complications from the SARS-CoV-2 virus (“COVID- 
19”) (Dong et al., 2020). It has been well documented that the pandemic 
has had widespread effects on physical health as well as mental health 
and wellbeing (Carfì et al., 2020; Krendl and Perry, 2020; Salari et al., 
2020; Struyf et al., 2020; Zacher and Rudolph, 2020). The pandemic has 
also been associated with changes in care-seeking behavior leading to 

reductions in preventative healthcare utilization, such as annual well-
ness visits and pediatric vaccinations, as well as declines in the use of 
hospital facilities for elective procedures (Chudasama et al., 2020; 
Santoli et al., 2020). These changes have been attributed to several 
factors including fear of contracting the virus and shelter-in-place orders 
(Czeisler et al., 2020). Changes in care-seeking behavior can have sub-
sequent adverse effects in the future, such as late-stage cancer diagnosis 
or increased spread of vaccine-preventable diseases among unvacci-
nated children. Few studies have evaluated the consequences of 
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behavioral changes due to the pandemic. 
Previous evaluations have found large declines in emergency 

department use and inpatient admissions for acute conditions, such as 
myocardial infarction during the COVID-19 pandemic (Braiteh et al., 
2020; Butt et al., 2020; Jeffery et al., 2020; Mantica et al., 2020). The 
consequence of such a change in care-seeking behavior may be an 
increased likelihood of death from AMI or at a minimum, an increased 
risk of out-of-hospital death (Lai et al., 2020; Sun et al., 2021; Wadhera 
et al., 2021). Acute diagnoses such as myocardial infarction and sub-
sequent ST-elevation myocardial infarction (STEMI) require immediate 
medical attention and delays in seeking care may worsen outcomes. 
Previous studies have indicated that delaying treatment from symptom 
onset can significantly impact mortality (De Luca et al., 2003; Song 
et al., 2016). Therefore, the reluctance to seek care for these conditions 
due to the ongoing pandemic may impact where people die. Thus, the 
goal of this study is to estimate the association between the pandemic 
and location of death for decedents of ischemic heart disease under the 
hypothesis that the pandemic changed care-seeking behavior leading to 
an increased probability of out-of-hospital death. Using death certificate 
data from the state of Arkansas, we compared the proportion of deaths 
occurring at home among individuals who died from ischemic heart 
disease before and during the pandemic, relative to deaths at home 
among those who died from non-natural causes such as suicides, unin-
tentional injuries, and other causes likely that are unrelated to care- 
seeking behavior. 

2. Methods 

2.1. Data source 

This study used death certificates from the Arkansas Vital Statistics 
Database (AVSD) for all deaths that were recorded during the months of 
March through September for the years of 2016 through 2020, meaning 
each year would have seven months of data. Data from the months of 
January and February were excluded, as Arkansas had its first positive 
COVID-19 case on March 11, 2020. Data through September is the most 
recent data available given the time needed to process death certificate 
data. The AVSD collects all vital events occurring in the state of 
Arkansas, including deaths, and data are housed at the Arkansas 
Department of Health. The data used in this study was a de-identified 
decedent-level dataset containing demographics, primary cause of 
death, month of death, and location where the decedent was pro-
nounced dead (i.e., at home, at the hospital, etc.). 

2.2. Study population 

The study population included deaths in Arkansas that were either 
from ischemic heart disease or a non-natural cause of death (Table 1). 
The certifier (e.g. medical examiner, coroner, attending physician) for 
the decedent adjudicates the cause of death. The International Classifi-
cation of Diseases, 10th Revision, (ICD-10) codes obtained from the 
primary cause of death field on the death certificates were used to 
classify the cause of death. Ischemic heart disease-related deaths, which 
included acute myocardial infarction and ST-elevation myocardial 
infarction (STEMI), (ICD-10: I20-I25) were compared to non-natural 
causes of death (i.e., unintentional injuries, suicides, and homicides) 

(ICD - ICD-10 - International Classification of Diseases, Tenth Revision, 
2020). Non-natural deaths were selected as a comparison group for the 
difference-in-difference (DID) analysis because the COVID-19 pandemic 
should have minimal impact on care-seeking behavior for these condi-
tions resulting in no change for the locations of death. Non-natural 
causes of death were aggregated into one category to improve the sta-
bility of estimates associated with the relatively low numbers during the 
study period. 

Decedents who died in nursing homes or in hospice were excluded 
from the study. Additionally, decedents who died in January or February 
were excluded from the study because COVID-19 was not yet declared a 
global pandemic, and Arkansas did not have its first case until March 
2020 (Timeline of WHO’s response to COVID-19, 2020). To improve the 
comparison of the pre-pandemic time period to the pandemic time 
period, deaths occurring during the months of March through 
September were included for all study years. 

2.3. Dependent variable 

The primary outcome of interest was whether the decedent died at 
home and was measured using a dichotomous variable to indicate 
whether the decedent died at home or at a hospital (i.e., emergency 
department, inpatient, or dead on arrival to the hospital). The location 
of death was abstracted from the death certificate, which was completed 
by a medical certifier. Dead on arrival was included in the hospital 
category because this represented a death in which the decedent sought 
treatment (or a bystander sought treatment for the decedent) at a hos-
pital facility prior to the decedent being pronounced dead. 

2.4. Independent variable 

The primary independent variable for this study was a dichotomous 
indicator of whether the death occurred prior to the time period when 
COVID-19 was declared a pandemic or whether it was after the 
pandemic was declared. The World Health Organization proclaimed 
COVID-19 as a global pandemic on March 11, 2020 (Timeline of WHO’s 
response to COVID-19, 2020). Therefore, deaths occurring from March 
through September of 2020 are categorized as the pandemic period. The 
second independent variable is whether the death was an ischemic heart 
disease-related death or a death from non-natural causes. 

2.5. Analysis 

Descriptive statistics were assessed using chi-square tests for cate-
gorical variables and t-tests or Wilcoxon signed-rank test for continuous 
variables. To improve identification of treatment effects, the study used 
a DID analysis to estimate the association of the COVID-19 pandemic 
with dying at home among individuals who died from ischemic heart 
diseases compared to those who died from non-natural causes of death. 
A DID analysis is a quasi-experimental method that uses a control group 
(i.e., location of deaths for non-natural conditions) to serve as a coun-
terfactual for what would have been expected to occur without a given 
treatment (i.e., the pandemic) (Wing et al., 2018). A primary assumption 
of the DID approach is that trends in outcomes (i.e., deaths at home) 
remained similar in the treatment (ischemic heart disease) and control 
(non-natural deaths) groups in the time period prior to the intervention 
(COVID pandemic). The primary coefficient of interest in the DID model 
was the interaction between ischemic heart disease and the pandemic 
study period. The parallel trends assumption was tested using a linear 
yearly time trend in the pre-pandemic time period, from 2016 through 
2019. The DID analysis used multivariable logistic regression to estimate 
outcomes controlling for age (as categories), gender, race, and Hispanic 
ethnicity. 

Statistical significance was assumed at less than 0.05. Data analyses 
were conducted using SAS version 9.4 (SAS Institute, Cary, NC). The 
Institutional Review Board of the primary author’s institution 

Table 1 
ICD-10 codes for ischemic heart disease and non-natural deaths.  

Cause of death ICD-10 code 

Ischemic heart disease I20-I25 
Non-natural death  

Unintentional V01-X59, Y85-Y86 
Homicide X85-Y09, Y87.1, U01-U02 
Suicide X60-X84, Y87.0, U03  
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designated this study as non-human subjects research. 

3. Results 

A total of 15,231 deaths were included in the analysis, including 
10,867 individuals who died from ischemic heart disease and 4364 in-
dividuals who died from non-natural causes. Table 2 provides de-
mographic characteristics for decedents who died from heart disease in 
the pre-pandemic period (N = 8606) and after the pandemic was 
declared (N = 2261). There were no differences in age, gender, race, or 
Hispanic ethnicity for persons who died from heart disease before and 
after the pandemic was declared. 

Table 3 provides demographic characteristics for decedents who died 
from non-natural causes in the pre-pandemic period (N = 3437) and the 
pandemic study period (N = 927). There was a greater proportion of 
decedents who were ≥ 65 years during the pandemic study period 
compared to the pre-pandemic period (23.7% vs. 28.1%; p = .007). 
There also were differences in race and ethnicity with a greater pro-
portion of Black and Hispanic individuals dying from non-natural causes 
during the pandemic study period compared to the time period before 
the pandemic. Significant differences were noted in the intent of those 
who died from non-natural causes with a greater proportion of homi-
cides (10.4% vs. 12.8%; p = .03) and a smaller proportion of suicides 
during the pandemic study period (31.9% vs. 27.8%; p = .02). However, 
there were no significant differences observed when examining the 
location of death for homicides, suicides, and unintentional intent; 
collectively or independently. 

As seen in Fig. 1, deaths due to ischemic heart disease and non- 
natural causes had similar trends prior to the pandemic (2016–2019), 
but the rate of deaths at home increased for heart disease only in 2020. 
In the time period before the pandemic, 50.0% of decedents from heart 
disease died at home compared to 57.9% dying at home during the 
pandemic study period (p < .001). No differences were observed in the 
decedents who died at home from non-natural causes as 55.8% did so 
before the pandemic compared to 53.5% during the pandemic study 
period (p = .21). 

The test for parallel trends during the pre-pandemic period was not 
significant (p = .46), suggesting similar trends among ischemic heart 
disease and non-natural causes of death in the pre-pandemic time 
period, an important assumption of DID analysis. Adjusted estimates 

using non-natural causes of death as the control group in the DID 
analysis presented in Table 4 indicate a 48% increase in the odds of 
dying at home from heart disease during the pandemic (p < .001). 

4. Discussion 

Patients experiencing the signs and symptoms of heart disease, 
particularly a myocardial infarction must seek medical attention as soon 
as possible (De Luca et al., 2004). Administering life-saving therapies 
within the first hour of symptom onset is associated with a significant 
reduction in mortality (Boersma et al., 1996; Terkelsen et al., 2010). 
Generally, these therapies are administered in the emergency depart-
ment. However due to the COVID-19 pandemic, many people may have 
been reluctant to seek treatment in the emergency department due to 
fear of contracting the disease (Barten et al., 2020; Mantica et al., 2020; 
Rosenbaum, 2020). There have been recent studies that brought atten-
tion to the decreased volume of patients presenting to the emergency 
department during the beginning of the pandemic (Barten et al., 2020; 
Garrafa et al., 2020; Jeffery et al., 2020; Mantica et al., 2020; Westgard 
et al., 2020). A review of patient volume for 24 emergency departments 
across the United States (US) found decreases that ranged between 
41.5% to 63.5% (Jeffery et al., 2020). A study conducted in Italy high-
lighted the impact of “fear week,” a time period where lockdowns were 
implemented and daily press briefings regarding the pandemic were 
held (Garrafa et al., 2020). Garrafa et al., found that “fear week” was 
associated with a 31.8% decrease in emergency department visits for a 
large teaching hospital in Italy (Garrafa et al., 2020). Despite the de-
creases seen in emergency department visits during the pandemic, there 
is little evidence to suggest that the need for emergent care has 
decreased. In fact, Ciofani et al., found spikes in internet search volume 
related to chest pain during the pandemic (Ciofani et al., 2021). The 
consequences of such changes in care-seeking behavior may be 
widespread. 

Non-natural deaths were selected as a comparison group for two 
reasons. First, while it has been documented that overall emergency 

Table 2 
Decedent demographics from heart disease (N = 10,867).  

Variable Pre-pandemic period, 
2016–2019 

During pandemic 
period, 2020 

p- 
Value 

(N = 8606) (N = 2261) 

Age in years, mean 
(std. dev.) 

71.4 (13.6) 71.3 (14.0) 0.79 

Age categories, N 
(%)    
0–34 years 41 (0.5%) 16 (0.7%) 0.18 
35–64 years 2605 (30.3%) 713 (31.6%) 0.24 
65+ years 5959 (69.3%) 1531 (67.7%) 0.17 
Missing 1 (0.01%) 1 (0.04%) – 

Gender, N (%)    
Male 5303 (61.6%) 1404 (62.1%) 0.68 
Female 3303 (38.4%) 857 (37.9%) 

Race, N (%)    
White 7292 (84.7%) 1896 (83.9%) 0.31 
Black 1153 (13.4%) 325 (14.4%) 0.23 
Other race 156 (1.8%) 39 (1.7%) 0.78 
Missing 5 (0.1%) 1 (0.0%) – 

Ethnicity, N (%)    
Hispanic 96 (1.1%) 29 (1.3%) 0.50 

Location of death, N 
(%)    
Home 4306 (50.0%) 1310 (57.9%) <0.001 
Hospital 4300 (50.0%) 951 (42.1%)  

Table 3 
Decedent demographics from homicide, suicide, and unintentional deaths (n =
4364).  

Variable Pre-pandemic period, 
2016–2019 

During pandemic 
period, 2020 

p- 
Value 

(N = 3437) (N = 927) 

Age in years, mean 
(std. dev.) 

48.4 (21.6) 50.0 (21.9) 0.05 

Age categories, N (%)    
0–34 years 975 (28.4%) 248 (26.8%) 0.34 
35–64 years 1646 (47.9%) 418 (45.1%) 0.14 
65+ years 816 (23.7%) 260 (28.1%) 0.007 
Missing 0 (0.0%) 1 (0.1%) – 

Gender    
Male 2363 (68.8%) 648 (69.9%) 0.50 
Female 1074 (31.3%) 279 (30.1%) 

Race, N (%)    
White 2878 (83.9%) 747 (80.6%) 0.02 
Black 451 (13.1%) 149 (16.1%) 0.02 
Other race 101 (2.9%) 31 (3.3%) 0.53 
Missing 7 (0.2%) 0 (0.0%) – 

Ethnicity    
Hispanic 83 (2.4%) 36 (3.9%) 0.02 

Intent    
Homicide 356 (10.4%) 119 (12.8%) 0.03 
Death at home 182 (51.1%) 68 (57.1%) 0.25 
Suicide 1097 (31.9%) 258 (27.8%) 0.02 
Death at home 918 (83.7%) 212 (82.2%) 0.56 
Unintentional 1984 (57.7%) 550 (59.3%) 0.38 
Death at home 819 (41.3%) 216 (39.3%) 0.40 

Location of death    
Home 1919 (55.8%) 496 (53.5%) 0.21 
Hospital 1518 (44.2%) 431 (46.5%)  
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department visits have decreased, trauma-related visits for severe injury 
were less impacted (Riuttanen et al., 2021). Additionally, a study 
examining the trend of trauma emergency department visits before and 
during the pandemic found that patients who were treated during the 
pandemic had higher injury severity scores when compared to patients 
treated prior to the pandemic (Ghafil et al., 2021). These studies indicate 
that despite the ongoing pandemic, people are still seeking treatment in 
the emergency department for severe injuries suggesting location of 
death for non-natural causes is a suitable control group to compare 
against location of death for IHD. It is possible that deaths from suicide 
or other non-natural causes could increase due to the pandemic, yet 
there would also be no change in the location of death from non-natural 
causes. 

This study used death certificate data to assess whether there was a 
change in the location of death during the COVID-19 pandemic study 
period among individuals who died from ischemic heart disease relative 
to individuals who died from non-natural causes of death. The study 
findings indicate a drop in in-hospital deaths, with a 7.9 percentage 
point increase in deaths at home during the COVID-19 pandemic study 
period for decedents with ischemic heart disease. There was no signifi-
cant difference in the percentage of patients who died from non-natural 

causes of death at home. The findings are consistent with a change in 
care-seeking behavior for ischemic heart disease, especially a reduction 
in care-seeking behavior at emergency departments. 

The study findings are consistent with a change in patient care- 
seeking behaviors for IHD during the pandemic relative to what was 
observed in previous years. Policy considerations should include fund-
ing and resources for ensuring proper treatment protocols during public 
health emergencies to mitigate excess mortality. These resources may 
include the expansion of telehealth services and mobile health clinics to 
ensure proper care is sought and received. A prior analysis of excess 
mortality during the first two months of the pandemic found a 35% 
increase in deaths not attributed to COVID-19 (Woolf et al., 2020). The 
largest increases in excess mortality were attributed to heart disease 
(Woolf et al., 2020). Taken together with the current study findings, it is 
plausible that the increase in deaths due to heart disease may be related 
to changes in care-seeking behavior at emergency departments that led 
to the large increase in heart-related deaths at home. 

This study used statewide data collected from death certificates to 
assess the impact of the COVID-19 pandemic for decedents from heart 
disease and the association of dying at home. Given that many heart- 
related deaths may be prevented with timely acute care, our study 
highlights the multifaceted impact of the COVID-19 pandemic on pop-
ulation health (Boersma et al., 1996; Lai et al., 2020; Sun et al., 2021). 
While COVID-19 has been directly associated with 4.7 M deaths 
worldwide and more than 690,000 deaths in the US alone, it is critical to 
understand the indirect impacts of COVID-19 (Dong et al., 2020). For 
example, the pandemic has been indirectly associated with large in-
creases in poverty, insurance loss, and housing instability (Berkowitz 
and Basu, 2020; Han et al., 2020; Parolin et al., 2020). It has additionally 
been associated indirectly with adverse health outcomes, such as 
increased mental health disease (Salari et al., 2020). Our study adds to 
this literature by identifying the indirect contribution of COVID-19 to 
deaths due to ischemic heart disease. 

There are several potential limitations of our study. First, the data 
come from vital statistics provisional death certificate data. While these 
data are used for multiple reporting and public health activities, 
including those by the National Center for Health Statistics, it is possible 
that some data records may be later adjusted. Additionally, these data 
lack several variables that could have been useful in this study, such as 
insurance status, being in the presence of someone during symptom 
onset, and marital status, which have been identified to impact the 
propensity to seek treatment (Goff et al., 1999). A final limitation is the 
lack of state-specific emergency department census data. These data 
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Fig. 1. Proportion of deaths that occur in the home, 2016–2020.  

Table 4 
Adjusted difference-in-difference logistic regression assessing the association of 
the COVID-19 pandemic and ischemic heart disease death on the odds of dying 
at home.  

Variable Adjusted OR (95% 
CI) 

p- 
Value 

Age   
0–34 years (ref = 35–64 years) 0.63 (0.55, 0.72) <0.001 
65+ years (ref = 35–64 years) 0.72 (0.67, 0.77) <0.001 

Male (ref = female) 0.98 (0.92, 1.05) 0.58 
Race   

Black (ref = white) 0.75 (0.69, 0.83) <0.001 
Other race (ref = white) 0.91 (0.71, 1.18) 0.48 

Hispanic (ref = non-Hispanic) 0.72 (0.54, 0.97) 0.03 
COVID (ref = before COVID) 0.93 (0.80, 1.08) 0.34 
Ischemic heart disease (ref = non-natural 

deathsa) 
0.80 (0.73, 0.88) <0.001 

Difference-in-difference interactionb 1.48 (1.24, 1.76) <0.001  

a Non-natural causes of death included deaths due to unintentional injuries, 
suicides, and homicides. 

b Interaction term (deaths from ischemic heart disease * during pandemic 
period). 
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would allow the researchers to examine the impact of the surges in 
COVID-19 cases, implementation of mask mandates, vaccination status, 
and other factors on the emergency department census within the state. 
Such data will not be available for research purposes for at least two 
years. Future studies should examine the impact of these factors on care- 
seeking behaviors during the pandemic. 

5. Conclusion 

While the U.S. and other parts of the world continue to address the 
COVID-19 pandemic, it is important that practitioners emphasize the 
need to seek medical care during an emergency. Although we are 
currently unable to evaluate the long-term impacts of missed preven-
tative care and screening, our study provides a clear indication that the 
pandemic was associated with negative consequences for people with 
ischemic heart disease likely resulting from changes in care-seeking 
behavior. The findings are consistent with the well-documented 
finding that fewer patients sought urgent care in the emergency 
department during the COVID-19 pandemic. Continued efforts should be 
aimed at helping patients identify what signs and symptoms indicate the 
urgent need for medical help and stressing the importance of seeking 
that care immediately. 

Author statement  

• Austin Porter contributed to the literature search, study design, data 
analyses, data interpretation, writing, and critical revision.  

• Clare Brown contributed to the literature search, study design, 
writing, data interpretation, and critical revision.  

• J. Mick Tilford contributed to the study design, data interpretation, 
and critical revision.  

• Michael Cima contributed to the writing and critical revision.  
• Namvar Zohoori contributed to the data interpretation and critical 

revision. 
• Donald McCormick contributed to the data interpretation and crit-

ical revision. 
• Michael P. Wilson contributed to the literature search, data inter-

pretation, and critical revision.  
• Benjamin Amick contributed to the study design, data interpretation, 

and critical revision.  
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