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BACKGROUND AND PURPOSE: The magnitude and drivers of excess cerebrovascular-specific mortality during the coronavirus
disease 2019 (COVID-19) pandemic are unknown. We aim to quantify excess stroke-related deaths and characterize its
association with social distancing behavior and COVID-19-related vascular pathology.

METHODS: United States and state-level excess cerebrovascular deaths from January to May 2020 were quantified using
National Center for Health Statistic data and Poisson regression models. Excess cerebrovascular deaths were analyzed as a
function of time-varying stroke-related emergency medical service (EMS) calls and cumulative COVID-19 deaths using linear
regression. A state-level regression analysis was performed to determine the association between excess cerebrovascular
deaths and time spent in residences, measured by Google Community Mobility Reports, during the height of the pandemic
after the first COVID-19 death (February 29).

RESULTS: Forty states and New York City were included. Excess cerebrovascular mortality occurred nationally from the weeks
ending March 28 to May 2, 2020, up to a 7.8% increase above expected levels during the week of April 18. Decreased
stroke-related EMS calls were associated with excess stroke deaths one (70 deaths per 1000 fewer EMS calls [95% Cl,
20-118]) and 2 weeks (85 deaths per 1000 fewer EMS calls [95% Cl, 37—133)]) later. Twenty-three states and New York
City experienced excess cerebrovascular mortality during the pandemic height. A 10% increase in time spent at home was
associated with a 4.3% increase in stroke deaths (incidence rate ratio, 1.043 [95% Cl, 1.001-1.085]) after adjusting for
COVID-19 deaths.

CONCLUSIONS: Excess US cerebrovascular deaths during the COVID-19 pandemic were observed and associated with
decreases in stroke-related EMS calls nationally and mobility at the state level. Public health measures are needed to identify
and counter the reticence to seeking medical care for acute stroke during the COVID-19 pandemic.
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in the United States during the coronavirus disease

2019 (COVID-19) pandemic caused by severe
acute respiratory syndrome coronavirus 2." However, the
magnitude and driving factors of cerebrovascular-spe-
cific excess mortality have not been described. Excess
stroke-related deaths during the pandemic, if any, may
be attributable to biology as well as behavior. Biologic
factors, such as COVID-associated hypercoagulability

An excess of all-cause mortality has been observed

and endotheliopathy, may have contributed to higher
stroke incidence, which resulted in excess cerebrovas-
cular-related mortality.~* Additionally, studies have dem-
onstrated a decrease in hospital presentation for acute
stroke symptoms during the pandemic, which is concern-
ing given the established benefits of stroke treatments
for acute and long-term outcomes and lower 30-day
mortality if treated in an integrated stroke care system.5®
Government stay-at-home policies as well as the public’s
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Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019

EMS emergency medical service

ICD-10-CM International Classification of Diseases,
10th Revision, Clinical Modlification

NCHS National Center for Health Statistic

NYC New York City

widespread fear of contracting the contagion in a hos-
pital and inundating scarce medical resources may have
prompted avoidance of healthcare settings and conse-
quently, more stroke-related deaths.'0'?

We analyze cerebrovascular-specific, national, and
state-wide mortality rates from the National Center for
Health Statistic (NCHS). The goals of this study are to
(1) determine the degree of excess cerebrovascular-
related mortality in the United States from January 1 to
May 16, 2020, compared to prior years, (2) quantify the
time-varying relationship between excess cerebrovas-
cular-related mortality and emergency medical service
(EMS) calls for stroke-like symptoms as well as COVID-
19 incident deaths per week, and (3) identify whether
social distancing behavior quantified by increased time
spent at home during the first height of the pandemic
at the state-level was associated with excess cerebro-
vascular-related deaths adjusted for cumulative COVID-
19-related deaths. We hypothesize that there was excess
cerebrovascular-related mortality during the pandemic
period. We postulate that excess cerebrovascular deaths
during the pandemic were driven by social distancing
behaviors leading to less emergency healthcare utiliza-
tion and consequently greater mortality in addition to
direct COVID-19 cerebrovascular pathology (Figure 1).

METHODS
Study Design

This is a retrospective, population-based analysis of cere-
brovascular-specific mortality in the United States during the
COVID-19 pandemic. We studied trends in excess cerebrovas-
cular mortality at a national level from January 1 to May 16,
2020. We analyzed factors associated with excess mortality at
the state level from March 1 to May 16, 2020, which we define
as the first height of the pandemic because of its association
with case fatalities after the first US COVID-19-related death
on February 29, 2020. This study was considered exempt from
Institutional Board Review due to its utilization of only publicly
available, aggregate data sources.

Outcomes

The outcome of interest was predicted excess cerebrovascular
mortality, which was calculated using the ExcesslL| package
created by coauthor, Dr Weinberger.'® Predictions of excess
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Figure 1. Visual summary of the hypothesized factors
associated with excess stroke mortality during the
pandemic.

We predict that excess stroke-related deaths during the pandemic
were secondary to (A) implementation of stay-at-home orders

and growing public fear of contracting the virus led to decreased
mobility and utilization of emergency healthcare services and (B)
direct coronavirus disease 2019 (COVID-19) cerebrovascular
pathology.
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cerebrovascular deaths were generated by fitting Poisson
regression models to the weekly counts of state-level, cere-
brovascular-specific deaths from 2014 to 2019. Predicted
cerebrovascular death counts were then compared with the
observed cerebrovascular death counts from January 1 to
May 16, 2020, to estimate excess mortality. We used the sum
of total excess cerebrovascular deaths in the included geog-
raphies for each week from January 1 to May 16, 2020, to
estimate weekly, national excess cerebrovascular deaths, and
calculated the ratio of observed/predicted cerebrovascular-
related mortality for each 2020 calendar week.

Data Sources

Cerebrovascular-specific mortality data from 2014 to 2020
were gathered from the NCHS Mortality Surveillance Data,
which are updated biweekly."* Underlying cause of death is
identified using death certificate data from all US deaths pro-
vided by state vital statistics offices and is coded using disease-
specific International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) codes. Cerebrovascular dis-
ease—related deaths were coded with /ICD-10-CM codes 160
to 169, encompassing nontraumatic subarachnoid hemorrhage,
intracerebral hemorrhage, and cerebral infarction. Complete
data from January 1, 2014 to May 16, 2020, were available in
41 geographies including 40 states and New York City (NYC).
New York state and NYC data are mutually exclusive. Alaska,
Connecticut, District of Columbia, New Hampshire, North
Carolina, North Dakota, Montana, Rhode Island, South Dakota,
Vermont, and Wyoming were missing *60% of weekly mortality
counts and were not included. NCHS data was last updated
on June 17 and downloaded on June 23, 2020, to allow for
at least a 4-week reporting lag of cause-specific deaths. The
weekly sum of the excess counts of stroke-related deaths
among included geographies was the outcome of interest in
the national analysis. Observed counts of stroke-related deaths
offset by predicted stroke-related deaths in each geography
were the outcomes analyzed at the state level.

We obtained national-level, EMS utilization data from the
National Emergency Medical Services Information System Data
Cube, which captures 90% of all EMS calls nationally.’® Weekly,
count data were gathered by selecting for any EMS call with a
primary provider impression (eSituation.11) of cerebrovascular
disease (ICD-10-CM codes 160-169). Data for each week from
January 1 to May 16 in the years 2017 to 2020 were used.
National Emergency Medical Services Information System data
collection is 75% complete within 17.2 days, and we accessed
this data on June 23 to allow for at least 5 weeks of report-
ing. The weekly counts of national emergency department
visits for stroke were abstracted from the National Syndromic
Surveillance Program via the Centers for Disease Control,
which captures 73% of all emergency room visits nationally.”
Weekly, incident COVID-19 cases and deaths in the United
States were obtained from the COVID-Tracking Project.'®

The degree of time spent at home in each state was
measured using the Google COVID-19 Community Mobility
Reports, which reported the percent change in time spent
in places of residence for each geography.'” We specifically
abstracted this metric on the projected date of peak COVID-
19 hospitalizations per geography, predicted by the Institute
for Health Metrics and Evaluation,'® as this projection may
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affect medical care-seeking behavior. Mobility data was used
to capture behavioral patterns that may be associated with
decreased stroke-related hospital presentations since state-
specific EMS data was not publicly available. Weekly counts
of COVID-19 deaths were obtained for each state from the
COVID-Tracking Project and aggregated from January 1
to May 16, 2020.'® COVID-19 mortality data for NYC was
acquired from the NYC Health Department and subtracted
from the New York state counts.' Aggregate counts of
COVID-19 deaths were utilized as these are commonly
reported in the media, may impact behavior, and reflect the
burden of severe COVID-19 within each geography. Finally,
the proportion of excess deaths due to pneumonia, influenza,
or COVID-19 that were recorded as caused by COVID-19
was included to adjust for differences in death recording
practices as COVID-19 may take precedence over stroke.

Statistical Analysis
All analyses were performed using R version 4.0.0.

National Analysis

We assessed the relationships between excess cerebrovas-
cular-specific mortality and the number of stroke-related
EMS calls, the primary exposure of interest. Univariable linear
regression models were used to test the associations between
weekly excess stroke-related mortality and (1) weekly number
of stroke-related EMS calls, (2) weekly incident COVID-19
related deaths, and (3) calendar week. We separately explored
different time-lagged periods of the EMS calls to evalu-
ate the time-varying effects of changes in EMS call rates on
weekly excess cerebrovascular-specific death. One- and two-
week lags of weekly EMS calls were created because prior
research has demonstrated 2 peaks in the natural history of
stroke-related deaths: (1) the first week after ischemic stroke
(between days 3-6 after stroke) and intracranial hemorrhage
(days 1-3 after hemorrhage) due to herniation and (2) the end
of the second week due to complications of immobility such as
poststroke pneumonia, pulmonary embolism, and sepsis.®*’ The
association between each covariate and excess stroke-related
death was tested in univariable models. Bonferroni-adjusted
P values were used to account for multiple testing. Adjusted
R? values were calculated to assess the degree of variance
explained by covariates.

As a sensitivity analysis to determine whether the trends
we identified for excess cerebrovascular-related deaths and
EMS utilization were plausible, we performed all analyses
outlined above for excess (1) cardiovascular disease-related
death and (2) Alzheimer disease—related deaths. Like cere-
brovascular deaths, cardiovascular deaths can be mitigated
with timely medical and procedural intervention. We thus
hypothesize that excess cardiovascular-related deaths will be
significantly associated with lower EMS utilization. Alzheimer
deaths may occur due to factors not modifiable by an acute
hospitalization, such as changes in goals of care during the
pandemic. As such, we hypothesize that the magnitude of the
relationship between EMS calls and excess Alzheimer-related
deaths will be comparably low.

Cardiovascular (ICD-10-CM codes 100—-109, 111, 113, and
120-150) and Alzheimer (G30) disease—specific mortality were
also gathered from NCHS and observed versus expected
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counts were compared. We tested the association between
the number of cardiovascular disease—specific EMS calls,
identified by a primary provider impression of cardiovascular
disease (ICD-10-CM codes 100-109, 111, 113, and 120-150),
and excess cardiovascular mortality, using the same methodol-
ogy described for the national excess cerebrovascular deaths.
Similarly, we also compared the number of EMS calls for all
complaints to the number of excess Alzheimer-related deaths
since patients living with this chronic neurological diagnosis
may develop a new symptom affecting any organ system.

State-Level Analysis

In the state-level analysis of the first height of the pandemic, the
state-specific covariates of interest were the degree of reduced
movement and the cumulative number of COVID-19 related
deaths from January 1 to May 16, 2020. Although many states
implemented social distancing and stay-at-home mandates
during the pandemic, compliance with these mandates varied.
We, therefore, used individual mobility, measured as the percent
change in time spent at home, as our exposure variable to cap-
ture the true effect of distancing policies. Geography-specific
observed counts of cerebrovascular-related deaths from March
1 to May 16, 2020, offset by the expected count of cerebro-
vascular-related deaths were analyzed using negative binomial
regression. We tested the association between cerebrovascular
mortality and degree of change in mobility while adjusting for
the log-transformed, cumulative number of COVID-19 deaths
per population in each geography. To account for completeness
of deaths attributed to COVID-19, we also adjusted for the log-
transformed proportion of pneumonia and influenza deaths that
are coded as secondary to COVID-19 infections.

In a sensitivity analysis, observed cardiovascular and
Alzheimer-related deaths by geography, offset by geography-
level predictions, were analyzed using the same state-level
methodology. Again, given the proven association between
emergency medical procedures and cardiovascular survival,
we expect a significant association between decreased mobil-
ity and excess cardiovascular deaths, even upon adjusting for
COVID-related deaths. In contrast, we hypothesize no associa-
tion between decreased mobility and excess Alzheimer-related
deaths since death from this cause may be related to factors
other than timeliness of access to emergency medical care.

This analysis will also elucidate whether individuals who
died from non-COVID causes during the pandemic also had
unreported COVID-19 infections, which may underlie an
observed association between mobility and cause-specific
death (Figure 1). Although the incidence of stroke among
COVID-19 infected patients is 0.9% and the incidence of myo-
cardial injury is 28% among COVID-19 patients,>'?? there is no
known biologic link between Alzheimer disease and COVID-19
infections. Thus, if a strong association is observed between
time spent at home and Alzheimer-related deaths, this may
indicate that individuals with Alzheimer-related deaths, and by
methodologic extension, other cause-specific deaths includ-
ing cerebrovascular deaths, may have had comorbid and unre-
ported COVID-19 infections.

Data Availability

All data are publicly available. The ExcesslLI R package can be
accessed at https://github.com/weinbergerlab/ExcessILI.
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RESULTS

Of b2 states and cities, 40 states and NYC reported
complete mortality data and were included in the analysis.

National Analysis

There were 918 more cerebrovascular deaths than
expected from January 1 to May 16, 2020. The percent
change in observed stroke-related mortality compared
with expected ranged from —4.9% (95% Cl, —9.8% to
—0.4%) to 2.9% (95% Cl, —3.3% to 6.9%) from January
1 to February 29; however, starting from March 1 onwards,
the range shifted to -3.4% (95% Cl, —9.5 to 1.5) to a peak
of 7.8% (95% Cl, 1.6—13.5) occurring the week of April 18
(Figure 2). The observed/expected stroke-related mortal-
ity ratios were positive throughout the weeks of March 28
to May 2 (Table | in the Data Supplement).

National estimates of excess cerebrovascular-related
deaths, stroke-related EMS calls and emergency depart-
ment visits, and COVID-19 deaths, transformed by a factor
of 10, are visualized in Figure 3. A 2-week rolling average
was applied to the cerebrovascular-related death curve for
the purpose of visualization. The number of EMS calls for
cerebrovascular-related symptoms declined by 23%, from
7666 calls in the week of February 29 to 5805 calls in the
week of April 11, and then plateaued. There were excess
cerebrovascular deaths in the pandemic era starting the
week of March 14, increasing through the week of April
18, and decreasing thereafter. During the week of March
14 when there were excess stroke-related deaths, there
were only 37 incident COVID-19 deaths. The slope of
weekly incident COVID-19 deaths increased quickly and
was steepest from March 28 to April 18. These trends
demonstrate that the first occurrence of excess cere-
brovascular-related death occurred 2 weeks after EMS
stroke-related calls began to decline and when COVID-
19 deaths were relatively low. Comparisons between the
weekly counts of national EMS calls for cerebrovascular
disease in each year from 2017 to 2020 are shown in
Figure | in the Data Supplement. A negative association
between calendar week and counts of EMS calls for cere-
brovascular disease was observed in 2020 only (§ coef-
ficient [B], —/92.83 [95% CI, —151.58 to —34.08]; Table I
in the Data Supplement). In univariable linear regression
analysis, fewer EMS calls for cerebrovascular-related
symptoms was associated with greater excess cerebro-
vascular deaths one (3, —69.2 deaths per 1000 EMS calls
[95% Cl,—117.9 to —20.4], adjusted R*=0.3, Table) and 2
weeks later (8, —84.8 deaths per 1000 EMS calls [95%
Cl,—132.9 to —36.6, adjusted R>=0.4, Table). Additionally,
weekly incident COVID-19 deaths were associated with
greater excess cerebrovascular deaths (3, 10.6 deaths per
1000 COVID-19 deaths [95% Cl, 3.8—17.3)).

There were 6367 more cardiovascular and 2910 more
Alzheimer deaths than expected from January 1 to May 16,

Stroke. 2021;52:5663-572. DOI: 10.1161/STROKEAHA.120.031975
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Figure 2. Increase in national excess cerebrovascular mortality during the coronavirus disease 2019 (COVID-19) pandemic.
Observed divided by expected counts for each week in the study period+95% prediction interval.

2020. We found a similar association between cardiovas-
cular-specific deaths and cardiovascular-related EMS calls.
Fewer EMS calls for cardiovascular symptoms were associ-
ated with greater excess cardiovascular mortality contem-
poraneously (3, —198.4 deaths per 1000 EMS calls [95%
Cl,—337.8 to —59.0], adjusted R#=0.3, Table, Figure Il in the
Data Supplement). A positive association was also noted
between cardiovascular-specific deaths and weekly inci-
dent COVID-19 deaths (8, 86.8 deaths per 1000 COVID-
19 deaths [95% Cl, 28.8—144.8], adjusted R==0.32).

In contrast to cerebrovascular and cardiovascu-
lar deaths, there was an association of low magnitude
between the total number of EMS calls for all complaints
and Alzheimer-related mortality (: —2.2 deaths per 1000
EMS calls [95% CI, —3.3 to —1.1). There were positive
relationships noted between Alzheimer-related death
and both weekly COVID-19 deaths (B, 39.7 deaths per
1000 COVID-19 deaths [95% Cl, 28.7-50.7], adjusted
R’=0.75) as well as calendar week (: 34.82 [95% Cl,
21.05-48.58], adjusted R>=0.59).

State-Level Analysis

During the first height of the pandemic from March 1 to May
16, 23 states and NYC, experienced excess cerebrovascu-
lar mortality (Figure 3B, Table Il in the Data Supplement).

Stroke. 2021;52:5663-572. DOI: 10.1161/STROKEAHA.120.031975

Observed stroke-related mortality was elevated by 19.4%
(95% Cl, 89-30.3) in New Jersey, 14.6% (95% Cl, 3.9—
25.6) in Missouri, and 29.8% (95% Cl, 14.6—44.7) in NYC.
In univariable analyses, there was an association between
the increase in stroke deaths and the percent change in
time spent at home (incidence rate ratio per 10% increase
in time spent at home: 1.061 [95% ClI, 1.026-1.096]) in
each geography (Figure 4). Cerebrovascular mortality was
also associated with the total number of COVID-19 related
deaths per geography (incidence rate ratio, 1.020 [95%
Cl, 1.001-1.039)). In the multivariable negative binomial
regression model, the change in time spent home remained
positively associated with cerebrovascular mortality from
March 1 to May 16 (incidence rate ratio per 10% increase,
1.043 [95% Cl, 1.001-1.085]) while adjusting for cumula-
tive COVID-19 deaths and the estimated completeness of
COVID-19 death reporting.

Similarly, excess geography-level cardiovascular mor-
tality during the pandemic height was associated with
percent change in time spent at home in unadjusted and
adjusted analyses (adjusted incidence rate ratio per 10%
increase, 1.050 [95% ClI, 1.012-1.080], Table IV in the
Data Supplement). In contrast, there was no significant
association between time spent at home and excess
geography-level Alzheimer-related mortality during the
height of the pandemic (Table V in the Data Supplement).
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Figure 3. National and state-level excess cerebrovascular disease-related mortality.

A, National counts of cerebrovascular disease—related emergency medical service (EMS) calls and emergency room (ER) presentations, and
weekly coronavirus disease 2019 (COVID-19) deaths are plotted on the primary y axis. Excess cerebrovascular mortality as point estimates and
as a 2-wk rolling average are plotted on the secondary y axis. B, The total number of excess deaths from March 1-May 16 in each geography and
associated 95% Cls are plotted on the y axis. WHO indicates World Health Organization.

cerebrovascular-related deaths occurred in the United
DISCUSSION States from the last week of March through May 16,
2020. In univariate analyses, decreased utilization of
EMS for cerebrovascular-related symptoms was asso-
tality during the COVID-19 pandemic. Excess  ciated with increased rates of cerebrovascular-related

In this population-based study, we analyzed national
and state-level cerebrovascular-related excess mor-
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Table. Univariable Linear Regression Models of National Excess Cerebrovascular, Cardiovascular, and
Alzheimer-Related Mortality

Bonferroni-
Model No. of deaths (95% CI) adjusted P value | Adjusted R?
Excess cerebrovascular mortality
Cerebrovascular EMS calls (per 1000 calls) —51.6 (—100.8 to —2.4) 0.200 0.1689
Cerebrovascular EMS calls 1-wk lag (per 1000 calls) —69.2 (—117.9 to —20.4) 0.040 0.3068
Cerebrovascular EMS calls 2-wk lag (per 1000 calls) —84.8 (—132.9 to —36.6) 0.010 0.4315
Weekly incident COVID-19 deaths (per 1000 deaths) 10.6 (3.8 t0 17.3) 0.020 0.3417
Calendar week 7.40 (—0.11 to 14.95) 0.270 0.1475
Excess cardiovascular mortality
Cardiovascular EMS calls (per 1000 calls) —198.4 (—337.8 to —59.0) 0.040 0.2947
Cardiovascular EMS calls 1-wk lag (per 1000 calls) —197.7 (—343.3 to —52.2) 0.055 0.2861
Cardiovascular EMS calls 2-wk lag (per 1000 calls) —165.5 (—329.5 to —1.4) 0.240 0.1737
Weekly incident COVID-19 deaths (per 1000 deaths) 86.8 (28.8 to 144.8) 0.030 0.3187
Calendar week 51.51 (—14.52 to 117.54) 0.595 0.0815
Excess Alzheimer mortality
All EMS calls (per 1000 calls) —2.2 (-33t0—1.1) 0.003 0.4829
EMS calls 1-wk lag (per 1000 calls) —2.1 (—8.2t0 —1.0) 0.002 0.4311
EMS calls 2-wk lag (per 1000 calls) —1.5 (—2.9to —0.1) 0.078 0.1927
Weekly incident COVID-19 deaths (per 1000 deaths) 39.7 (28.7 t0 50.7) 0.003 0.7481
Calendar week 34.82 (21.05 to 48.58) 0.003 0.5891

COVID-19 indicates coronavirus disease 2019; and EMS, emergency medical services.

mortality one and 2 weeks later. Weekly excess stroke-
related deaths were also positively associated with
COVID-19 deaths. During the first height of the pan-
demic, decreased mobility from home residence was
associated with excess stroke mortality, independent
of the cumulative number of COVID-19 related deaths.
Although we observed increased stroke-related deaths
associated with increased time spent at home, distanc-
ing measures have been critical in mitigating COVID-
19-related deaths, which far outnumber stroke-related
deaths. This study emphasizes the need to seek emer-
gency medical attention for stroke within the COVID-19
response construct.

We observed a rise in US stroke-related mortality that
was temporally correlated with a decline in EMS calls
for stroke symptoms in 2020. In the national analysis,
excess stroke deaths were associated with a decrease
in seeking EMS care one and 2 weeks before stroke-
related death. Strokes due to large vessel occlusions and
sizable hemorrhage tend to cause mass effect and her-
niation within the first week. Death 2 weeks after stroke
is often due to secondary complications, such as recur-
rent stroke, systemic thrombosis, or infections, such as
aspiration pneumonia.?® A subcortical lacune may be as
likely associated with complications such as aspiration
pneumonia as strokes due to large vessel occlusions,?
suggesting heterogeneity in stroke subtype among
patients who died. The importance of timely presentation
for acute stroke is well-established. Prevention, moni-
toring, and treatment of poststroke complications result

Stroke. 2021;52:5663-572. DOI: 10.1161/STROKEAHA.120.031975

in improved early survival. The risk of long-term mortal-
ity increases after an incident stroke, compounding the
potential implications of avoiding early care.?* Stroke
workup and secondary stroke prevention measures are
routinely implemented during hospitalization. Before
the pandemic, these processes were incrementally
improved (ie, 3341 hospitals participated in Get-With-
The-Guidelines Stroke Registry in 2020 compared with
2947 in 2019), resulting in decreased mortality in early
2020 compared with prior years. During the pandemic,
emergency stroke teams were ready to manage poten-
tial stroke, but these systems were underutilized, likely
resulting in excess stroke-related deaths possibly due to
secondary complications from stroke.?®

The national trend in excess stroke mortality and
decreased EMS utilization during the height of the pan-
demic aligns with the observation of excess stroke mor-
tality in states where more individuals practiced social
distancing and decreased their mobility. Although we
did not have public access to state-level EMS data, it
is conceivable that a mandate, either personal or soci-
etal, to socially isolate and decrease mobility to prevent
contagion may deter patients and their caregivers from
seeking EMS care during the pandemic. Social net-
work constriction is a known risk factor of delay in EMS
activation during stroke.?® In the context of COVID-19,
multidimensional psychosocial mechanisms could have
affected stroke patients and caregivers including fear
amplification, less recognition due to fewer witnesses,
or increased negotiation within social networks.2” These
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Figure 4. Associations between time spent at home and cerebrovascular mortality during the height of the coronavirus disease

2019 (COVID-19) pandemic by geography.

The ratio of observed divided by expected cerebrovascular deaths in each geography are presented as a function of the percent change in time
spent at home. The size of the bubbles represents the inverse variance in the expected counts of cerebrovascular deaths. Larger bubbles indicate

greater certainty in the estimate.

processes may have been exaggerated due to stay-at-
home policies, schools and work closures, and trans-
portation restrictions, in which the percent of individuals
leaving their residence plummeted?® Such measures
in geographies where they were implemented resulted
in significant flattening of the curve of new cases and
coronavirus-related deaths.”® However, one unintended
consequence may be an increase in stroke-related
deaths due to residents being encouraged to decrease
mobility. This may also be a driving factor for patients
with milder stroke symptoms not seeking EMS care, and
further study of this hypothesis is needed. It is impera-
tive that the public be urged to seek emergency care if
acute neurological symptoms occur for life-saving and
time-sensitive treatment and informed that seeking care
is not a violation of stay-at-home initiatives.

The sensitivity analysis of excess mortality due to car-
diovascular and Alzheimer-related causes augments the
validity of the association noted in this study between
excess cerebrovascular deaths and the degree of time
spent at home. Given the correlation between COVID-
19-related deaths and decreased mobility by geography
in our data (B, 2.7 per COVID-19 deaths per 100000
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population, P=0.0001, adjusted R? 0.2956) and the
link between COVID-19 and cerebrovascular pathol-
ogy noted in the literature, it is conceivable that excess
cerebrovascular-related deaths were in fact attributable
to undiagnosed COVID-19 infections as a confounder
rather than distancing behaviors.?®32 A similar pattern
emerged in our analysis of excess cardiovascular mor-
tality, which was studied since it is analogous to cere-
brovascular mortality in terms of acuity and its link with
COVID-19 infection. In contrast, our analysis of deaths
due to a chronic disease process, Alzheimer disease,
revealed no association between increased time at home
and excess Alzheimer disease—related death. We would
not expect an excess of Alzheimer deaths directly due
to COVID-19 since there has not been a biologic con-
nection observed between these 2 diseases. Excess
Alzheimer deaths may have been due to changes in goals
of care and alterations in the fragile system of caregiving
during the pandemic. The lack of an association between
increased time at home and Alzheimer deaths argues
against undiagnosed COVID-19-related pathology inor-
dinately confounding the association between distancing
behaviors and cerebrovascular-related mortality.
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Our study has several limitations. Our analysis relies
on NCHS mortality data, which is affected by underre-
porting. NCHS reports data at a 2-week delay but recent
data may remain incomplete for some time. To allow at
least 1 month for data reporting, we limited our analysis
to May 16 and used data updated on June 17. Due to
data missingness, we were unable to evaluate cerebro-
vascular mortality in all states. Thus, our national analysis
does not capture all deaths, and state-level analyses may
be skewed by geographies with more thorough mortality
reporting. It is possible that the cause of death reported
by NCHS may be misclassified. We were also unable to
know how many stroke-related deaths concurrently car-
ried a COVID-19 diagnosis. Similarly, EMS calls for cere-
brovascular disease were identified using the provider's
primary impression, which may not always capture true
stroke events. As EMS data was not publicly available
on a state-wide level, we were unable to identify state-
specific changes in EMS call rates. In addition, we were
not able to assess local changes in behavior or distancing
policies, which also may have affected mobility and EMS
utilization. However, this potential source of confound-
ing is attenuated by the fact that local distancing policies
would likely be ultimately translated to changes in time
spent at home. Lastly, our study only captures a truncated
portion of 2020, and we were not able to analyze mortal-
ity in the weeks after the initial peak of the pandemic.

CONCLUSIONS

Excess cerebrovascular deaths correlated with both
a national decline in EMS utilization for stroke symp-
toms and weekly incident COVID-19-related deaths.
Increases in time spent at home predicted excess
stroke deaths at the state-level, even upon adjusting for
COVID-19 related deaths. Our results suggest that dur-
ing the pandemic, social distancing behavioral changes
may have been a factor in the decrease in seeking medi-
cal care for acute, life-threatening conditions like stroke,
resulting in excess cerebrovascular-related deaths. We
emphasize the need to seek emergency medical atten-
tion for stroke symptoms within the construct of the
COVID-19 response.
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