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IMPORTANCE Adults with Alzheimer disease and related dementias (ADRD) are particularly
vulnerable to the direct and indirect effects of the COVID-19 pandemic. Deaths associated
with ADRD increased substantially in pandemic year 1. It is unclear whether mortality
associated with ADRD declined when better prevention strategies, testing, and vaccines
became widely available in year 2.

OBJECTIVE To compare pandemic-era excess deaths associated with ADRD between year 1
and year 2 overall and by age, sex, race and ethnicity, and place of death.

DESIGN, SETTING, AND PARTICIPANTS This time series analysis used all death certificates of US
decedents 65 years and older with ADRD as an underlying or contributing cause of death
from January 2014 through February 2022.

EXPOSURE COVID-19 pandemic era.

MAIN OUTCOMES AND MEASURES Pandemic-era excess deaths associated with ADRD were
defined as the difference between deaths with ADRD as an underlying or contributing cause
observed from March 2020 to February 2021 (year 1) and March 2021 to February 2022 (year
2) compared with expected deaths during this period. Expected deaths were estimated using
data from January 2014 to February 2020 fitted with autoregressive integrated moving
average models.

RESULTS Overall, 2 334101 death certificates were analyzed. A total of 94 688 (95%
prediction interval [PI], 84 192-104 890) pandemic-era excess deaths with ADRD were
estimated in year 1and 21586 (95% PI, 10 631-32 450) in year 2. Declines in ADRD-related
deaths in year 2 were substantial for every age, sex, and racial and ethnic group evaluated.
Pandemic-era ADRD-related excess deaths declined among nursing home/long-term care
residents (from 34 259 [95% P, 25 819-42 677] in year 1to -22 050 [95% PI, =30 765 to
-13273] in year 2), but excess deaths at home remained high (from 34 487 [95% PI,

32 815-36 142] in year 1to 28 804 [95% PI, 27 067-30 571] in year 2).

CONCLUSIONS AND RELEVANCE This study found that large increases in mortality with ADRD
as an underlying or contributing cause of death occurred in COVID-19 pandemic year 1but
were largely mitigated in pandemic year 2. The most pronounced declines were observed for
deaths in nursing home/long-term care settings. Conversely, excess deaths at home and in
medical facilities remained high in year 2.
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Ider adults with Alzheimer disease and related de-

mentias (ADRD) are particularly vulnerable to the di-

rect and indirect impacts of the COVID-19 pandemic.!
Individuals with ADRD may have difficulty adopting behav-
ioral changes to reduce infection risk or regulating contact in
high-risk settings. Common comorbidities among older adults
with ADRD increase the risk of death if they are infected with
SARS-CoV-2.22 Social isolation resulting from COVID-19 lock-
downs may exacerbate depression and loneliness among in-
dividuals with ADRD, increasing their risk of hospitalization
and mortality.*° Disruptions in care and services may have dis-
proportionately affected individuals with ADRD.® In the early
pandemic period, excess mortality disproportionately af-
fected older adults with ADRD in long-term care facilities, likely
due to the high prevalence of comorbidities among residents,
staffing shortages, isolation from family members and/or other
essential caregivers, and challenges in implementing and en-
forcing infection prevention and control measures.! Sex and
racial and ethnic disparities in excess mortality from ADRD
were also noted, with more excess deaths in females (vs males)
and non-Hispanic Black and Hispanic (vs non-Hispanic White)
older adults in the early pandemic."”

While research has documented substantial excess mor-
tality among individuals with ADRD in the early pandemic, it
is unclear how its magnitude changed as the pandemic
evolved.! Pharmaceutical and nonpharmaceutical preven-
tive measures became widely available in pandemic year 2, but
vaccine distribution and uptake of other measures were
inconsistent.®° Tracking excess mortality associated with
ADRD over the pandemic is critical to inform policy and re-
search priorities, as changes in mortality provide insights into
whether current preventive measures are effective at protect-
ing older adults with ADRD. This study assessed pandemic-
era changes in mortality with ADRD as an underlying or con-
tributing cause comparing the COVID-19 pandemic year 1
(March 2020 to February 2021) to year 2 (March 2021 to Feb-
ruary 2022), in the overall population and by age, sex, race and
ethnicity, and place of death.

Methods

Data

Final death certificate data from January 2014 to December
2021 and provisional death certificate data from January 2022
to February 2022 were extracted from the National Center for
Health Statistics mortality surveillance system.':!! We con-
sidered deaths with any mention of ADRD on the death cer-
tificate, including as the underlying cause or any of up to 19
listed contributing conditions as deaths with ADRD. ADRD was
classified by International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision codes and in-
cluded unspecified dementia, Alzheimer disease, vascular
dementia, and other degenerative diseases of the nervous
system (see eTable 1 in Supplement 1 for a listing of codes).
Throughout this article, we labeled these as ADRD-related
deaths for parsimony. We considered deaths among adults aged
65 years and older because this population accounts for most
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Key Points

Question How did mortality with Alzheimer disease and related
dementias (ADRD) as an underlying or contributing cause change
during the COVID-19 pandemic?

Findings This cross-sectional study found a large increase in
ADRD-related mortality during pandemic year 1 (March 2020 to
February 2021) compared with prepandemic mortality rates but
substantial declines from year 1to year 2 (March 2021 to February
2022). The largest declines occurred in nursing home/long-term
care settings, but excess mortality occurring at home and medical
facilities remained high in year 2.

Meaning Major reductions in pandemic-era ADRD-related excess
mortality were achieved in pandemic year 2 for nursing
home/long-term care settings residents.

ADRD-related mortality.'®:!> We obtained age-, sex-, race and
ethnicity-, and state-specific population estimates from the US
Census Bureau Population Estimates Program. We calculated
excess mortality rates in 2020 and 2021 using the correspond-
ing year’s July population estimates as the denominator. Since
the 2022 population estimate was not yet available at the time
of manuscript preparation, we used the July 2021 population
estimates as the denominators to calculate death rates in Janu-
ary and February 2022. This study used publicly available data
and was not subject to human subjects review at University
of California, San Francisco and followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

The National Center for Health Statistics provided bridged-
race death data from 2014 to 2020 and single-race death data
from 2018 to 2022. We combined 2014-2017 bridged-race data
and 2018-2022 single-race data to estimate race-specific excess
mortality. To evaluate the bias associated with combining single-
and bridged-race data, we compared both numerators (death
counts) and denominators (population size) using single- vs
bridged-race categories for the period during which both data
sources were available, ie, 2018-2020 (eFigure 1 in Supple-
ment 1). Differences between the 2 data sources in both numera-
tors and denominators were very small for all groups except
American Indian and Alaska Native individuals. As such, we did
not include American Indian and Alaska Native decedents.

Exposures and Stratification Variables
COVID-19 pandemic year 1 was defined as March 2020 through
February 2021; year 2 was defined as March 2021 through Feb-
ruary 2022. We considered 4 waves of the pandemic based on
the dominant viral variant: early pandemic (March 1, 2020, to
September 31, 2020), Alpha wave (October 1, 2020, to June 30,
2021), Delta wave (July 1, 2021, to November 30, 2021), and
Omicron wave (December 1, 2021, to February 28, 2022).
Additional stratification variables included age (65-74, 75-
84, =85 years), sex (male and female), race and ethnicity (His-
panic; non-Hispanic Asian or Pacific Islander; non-Hispanic
Black; non-Hispanic White), and place of death (medical fa-
cilities, including inpatient, outpatient, emergency depart-
ment, dead on arrival; decedent’s home; nursing home/long-
term care [NH/LTC]; or hospice facility).
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Statistical Analysis

We defined pandemic-era excess ADRD-related deaths as the
difference between observed and expected deaths over the
same period. To estimate expected deaths, we fitted auto-
regressive integrated moving-average models (ARIMA) to
monthly ADRD-related death count data from January 2014
to February 2020. We used this prepandemic prediction model
to forecast the number of ADRD-related deaths that would have
been expected in the absence of the pandemic, accounting for
historical mortality trends and seasonality.!* We selected the
model with the lowest Akaike information criterion and cal-
culated monthly excess deaths as observed minus expected
deaths. We calculated total excess deaths by summing all
monthly excess deaths and calculated corresponding 95% pre-
diction intervals (PIs) by simulating the expected death model
10 000 times, selecting the 2.5 and 97.5 percentiles, and sub-
tracting them from the number of observed deaths. We cal-
culated risk ratios as the observed number of deaths divided
by the expected number of deaths. We calculated excess mor-
tality rates per capita, as the number of excess deaths divided
by the corresponding population size and multiplied by
100 000.

We performed stratified analyses by age, sex, race and eth-
nicity, and place of death. To facilitate comparisons across
groups, excess deaths were age standardized in 10-year cat-
egories to the 2000 population when applicable.

Sensitivity and Exploratory Analyses

To validate the performance of the ARIMA model, we per-
formed sensitivity analyses using data from 2014 to 2018 to
forecast monthly death rates from January to December 2019.
All observed deaths fell within the 95% PI of the expected
deaths, suggesting accurate predictions (eTable 2 in Supple-
ment 1). In an additional sensitivity analysis, we imputed single-
race monthly death data for 2014-2017 bridged-race monthly
death data (eTable 3 in Supplement 1). To understand whether
excess ADRD-related deaths were primarily due to SARS-CoV-2
infections, we cross-classified ADRD deaths and COVID-19
deaths into 4 groups and analyzed the corresponding trends:
(1) ADRD as an underlying cause and COVID-19 as a contrib-
uting cause; (2) ADRD as an underlying cause and COVID-19
not listed as a contributing cause; (3) COVID-19 as an under-
lying cause and ADRD as a contributing cause; and (4) neither
COVID-19 nor ADRD as an underlying cause (eg, cancer deaths)
but ADRD as a contributing cause.

We conducted exploratory analyses to investigate poten-
tial reasons for notable declines in excess deaths between years
1 and 2. First, we evaluated how changes in the number of
NH/LTC residents during the pandemic might have affected the
estimation of excess deaths in NH/LTC settings. To this end, we
obtained the monthly number of NH/LTC residents from the
Centers for Medicare & Medicaid Services (CMS) for 2019 to 2022.
Specifically, we adjusted the observed number of deaths, ac-
counting for the relative change in the population size of
NH/LTC residents by comparing each month between March
2020 to February 2022 to the corresponding month in 2019
(eAppendix 1in Supplement 1).* Second, we evaluated trends
in other causes of death at home or in NH/LTCs to investigate
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the possibility of frailty selection, ie, the frailest individuals with
ADRD would have died in pandemic year 1, leaving an unusu-
ally small number of individuals with ADRD at risk of death in
year 2. We compared the temporal patterns of ADRD-related
deaths with deaths from cancer, heart disease, respiratory dis-
ease, and cerebrovascular disease. To facilitate comparisons, we
defined a baseline monthly mortality level for each cause, esti-
mated as the mean death count over the 12 months preceding
the pandemic (March 2019-February 2020). Third, we used
weekly COVID-19 vaccination data from the US Centers for Dis-
ease Control and Prevention COVID Data Tracker to under-
stand how vaccination may have affected excess mortality. Spe-
cifically, we assessed how changes in annualized excess ADRD-
related deaths differed by vaccine coverage across states
(eAppendix 2 in Supplement 1).> All analyses were performed
using R version 4.2.1 (R Foundation).

. |
Results

In the COVID-19 pandemic year 1, there were 509179 ADRD-
related deaths among individuals 65 years and older. Based on
prepandemic death rates, 414 491 (95% PI, 404 289-424 987)
ADRD-related deaths were expected in year 1, implying a year-1
excess of 94 688 deaths (95% PI, 84 192-104 890). In year 2,
ADRD-related deaths declined to 435 156, implying an excess
of 21586 deaths (95% PI, 10 631-32450) (Figure 1). The pan-
demic-era excess in ADRD-related deaths thus declined by 77%
from year 1to year 2. In year 2, there was a decline in the ADRD-
related deaths both with COVID-19 (n = 45 761) and without
COVID-19 (n = 28 245) listed as an underlying or contributing
cause (eFigure 2 in Supplement 1).

Pandemic-era excess ADRD-related death rates declined
substantially between the first and second year of the pan-
demic for every age, sex, and racial and ethnic group evalu-
ated (Table and eTable 3 in Supplement 1).

Year 2 of the pandemic saw major declines in ADRD-
related deaths occurring in NH/LTCs (eTable 4 in Supple-
ment 1) from 34 259 (95% PI, 25 819-42 677) crude excess deaths
inyear1to-22050 (95% PI, -30 765 to -13 273) excess deaths
in year 2. In contrast, in year 2, there were only modest de-
clinesin ADRD-related deaths occurring at home (from 34 487
[95% PI, 32 815-36142] to 28 804 [95% PI, 27 067-30 571]).

The patterns of changes in monthly ADRD-related mor-
tality were similar for male and female individuals, with sub-
stantial declines following vaccination rollouts in mid-
December 2020. The number of observed deaths continued
to decline during the Alpha wave, increased during the Delta
wave, and increased substantially during the Omicron wave
(Figure 2).

The early pandemic was characterized by large racial and
ethnic disparities in excess deaths. In April 2020, excess ADRD-
related deaths per 100 000 persons were 25 (95% PI, 21-30) for
Asian adults, 64 (95% PI, 58-70) for Black adults, 33 (95% PI,
28-37) for Hispanic adults, and 30 (95% PI, 24-35) for White
adults (Figure 3). After the mortality peak late in pandemic year
1 and the beginning of vaccine rollout, ADRD-related deaths
decreased for all racial and ethnic groups.

JAMA Neurology September 2023 Volume 80, Number 9

921


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.2226?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2226

922

Research Original Investigation

Excess Mortality With Alzheimer Disease and Related Dementias as an Underlying or Contributing Cause During COVID-19

Figure 1. Crude COVID-19 Pandemic-Era Excess Deaths With Alzheimer Disease and Related Dementias
(ADRDs) Listed as an Underlying or Contributing Cause Between March 2020 and February 2022 in the US
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Death data were obtained from the
US Centers for Disease Control and
Prevention WONDER Multiple Cause
of Death Files. Excess deaths were
defined as the difference between
the observed number of deaths
(orange) and the expected number of
deaths (blue). The red dashed line
indicates the start of vaccine rollouts.
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Long-term care facilities were hard hit in the early pan-
demic (Figure 4). After vaccine rollout began, ADRD-related
deaths in NH/LTC settings declined significantly, with lower
than expected deaths throughout the Delta wave and most of
the Omicron wave. In contrast, ADRD-related deaths occur-
ring at home remained high throughout year 2 of the pan-
demic, even after vaccine rollout began. ADRD-related deaths
in medical facilities fell after vaccine rollout but increased dur-
ing the Delta wave.

We investigated potential reasons for declines in excess
deaths. First, our results about excess mortality in NH/LTC set-
tings during year 2 were robust to pandemic-period changes
in the size of the NH/LTC population, relative to the reference
year of 2019. Accounting for changes in the number of NH/
LTCresidents reported to CMS did not materially alter our re-
sults: after adjusting for population size change, the number
of excess deaths in NH/LTC settings fell to an estimated 34 149
(95% PI, 25 709-42 567) in year 1 and an estimated -2914 (95%
PI, -11628 to 5863) in year 2. Furthermore, the overall trends
in the adjusted and unadjusted monthly death counts were
similar (eFigure 3 in Supplement 1). Second, comparing across
causes of death in NH/LTCs, we found ADRD-related mortal-
ity increased from the prepandemic average by 60% in year 1
but only 18% in year 2; patterns were similar for other causes
of death that move in tandem with COVID-19, including heart
(51% elevation in year 1 and 12% elevation in year 2), respira-
tory (31% in year 1and 10% in year 2), and cerebrovascular dis-
eases (35% in year 1 and 18% in year 2) compared with their
respective 12-month prepandemic baselines. In contrast, can-
cer-related deaths occurring in NH/LTCs remained consis-
tently below historical levels (77% of prepandemiclevels in year
1and 82% of prepandemiclevels in year 2) (eFigure 4 in Supple-
ment 1). Third, in states in the highest tertiles of pandemic year
1 excess deaths, reductions in pandemic-era excess ADRD-
related mortality in year 2 were correlated with both vaccina-
tion coverage (r = -0.54 [95% CI, -0.08 to -0.81]) and
velocity (r = -0.67 [95% CI, -0.87 to —-0.29]) (eFigure 5 in
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Supplement 1). These patterns of correlation were not ob-
served in states in the lowest tertile of excess deaths in year 1.

|
Discussion

Using a national data set, we found a large excess in ADRD-
related deaths in COVID-19 pandemic year 1, which declined
significantly in pandemic year 2. Declines in excess mortality
occurred for every age, sex, and racial and ethnic group ex-
amined. ADRD-related deaths in NH/LTC settings accounted
for most of the decline, whereas ADRD-related excess deaths
that occurred at home and in medical facilities remained high
throughout the pandemic.

People living with ADRD were uniquely vulnerable to the
pandemic. Our findings are consistent with prior research
showing large adverse effects of the early pandemic on older
adults with ADRD."!® For example, a Medicare-based study
showed thatin 2020, all-cause mortality was 26% higher than
expected in people with ADRD compared with prior years.!
Evaluating whether ADRD-related deaths declined in the sec-
ond year of the pandemic gives insight into whether people
with ADRD are benefiting from the evidence and technolo-
gies for prevention and treatment developed over the first year
of the pandemic, including vaccination. Across all groups and
place-of-death settings, we observed a significant decline in
excess deaths during the Alpha wave (October 1, 2020, to June
30, 2021), in contrast with a pronounced increase during the
Delta wave (July 1, 2021, to November 31, 2021). These diver-
gent patterns across waves may reflect not only changes in pub-
lic health policies and interventions but also differences in
transmissibility, infectivity, and mortality rates among
COVID-19 variants.

ADRD-related deaths fell in pandemic year 2, primarily due
to reductions in deaths in NH/LTC facilities. This finding can-
not be explained by declines in the number of NH/LTC resi-
dents as the overall trend remained similar after we ac-
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Figure 2. Age-Adjusted Per-Capita Excess Deaths Associated With Alzheimer Disease and Related Dementias

Between March 2020 and February 2022 in the US by Sex
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counted for changes in population size using the CMS data. The
frailty selection hypothesis alone is not sufficient to explain
theresults. If the frailty selection hypothesis is supported, we
would expect to see reductions in all leading causes of death.
However, cancer deaths in nursing homes remained similar be-
tween years 1and 2. Our finding that faster vaccine rollout and
greater coverage were associated with larger reductions in
ADRD-related deaths in year 2 suggests that access to vac-
cines, both for persons living with ADRD and their care pro-
fessionals, may play a key role in reducing excess deaths. Vac-
cination among staff and residents may lower excess deaths
in nursing homes directly through preventing viral transmis-
sion and infection and indirectly through reducing social
isolation.” In year 2, several initiatives to reduce SARS-CoV-2
transmission implemented in NH/LTC facilities may have fur-
ther contributed to declines in excess mortality in these set-
tings, including limiting the use of shared spaces and im-
proved surveillance testing of staff members.!®

Relatedly, the persistently high levels of ADRD-related deaths
occurring at home suggest that community-dwelling older adults

JAMA Neurology September 2023 Volume 80, Number 9

with ADRD may not have benefited similarly from COVID-19 pre-
ventive measures. Community-dwelling older adults with de-
mentia have been found to be more likely to put off care during
the pandemic than those who live in nursing homes, poten-
tially contributing to high-excess home deaths.!° They have also
been found to have higher mortality following a COVID-19 di-
agnosis than their counterparts without dementia, and the dis-
parities persisted in 2021 despite the availability of vaccines.??
Increased policy efforts are imperative for reducing excess deaths
among community-dwelling older adults.

Research conducted prior to the pandemic has yielded in-
consistent results on racial and ethnic disparities in ADRD
mortality.?"2> While we could not directly assess racial and eth-
nic disparities in ADRD-related mortality without population data
on the number of individuals living with ADRD by race and eth-
nicity, our analysis of mortality differences by race and ethnic-
ity highlights concerning patterns in excess ADRD-related deaths
during the pandemic. Our findings for year 1 suggest that Black
older adults with ADRD experienced substantially higher ex-
cess deaths in the early pandemic. Due to the racial segregation
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of nursing home facilities, Black individuals with ADRD may be
more likely to cluster in nursing homes that have worse infec-
tion rates.?¢28 Discrimination in medical settings and differen-
tial prevalence of comorbidities may also have contributed to this
excess mortality. Racial and ethnic disparities in excess ADRD-
related deaths persisted despite declines in ADRD-related deaths
across all racial and ethnic groups in year 2. These findings high-
light the need to monitor inequalities and attend to how struc-
tural racism can exacerbate vulnerability to ADRD-related and
COVID-19 mortality.

Limitations and Strengths

Our data may not fully capture deaths among all individuals
with ADRDs, if ADRD was undiagnosed, or if the diagnosis was
not considered to contribute to death.?° However, the pat-
terns of temporal changes in ADRD-related excess deaths that
our study revealed are corroborated by Medicare data, which
showed a decline in excess deaths among individuals with
ADRD in 2021.%° Our findings may underestimate the num-
ber of ADRD-related deaths from racial and ethnic minority
groups in whom ADRD underdiagnosis is common.>! Finally,
the 2022 death certificate data are provisional. Although ana-
lyzing finalized death certificates would be ideal, using

Original Investigation Research

currently available data is critical to inform timely policy
responses.

This study has several strengths. The inclusion of 2020,
2021, and early 2022 data allowed us to capture the dynam-
ics of the pandemic’s impact on individuals who lived with
ADRD. Most prior research relied on underlying cause of death
classification.”!® Qur inclusion of both the underlying and con-
tributing causes of death likely lessens the impact of misclas-
sification of both ADRD and COVID-19.32-33 Qur time series
models starting in 2014 accounted for prepandemic temporal
trends in deaths, for example due to population aging or in-
creased ADRD diagnoses.3*

. |
Conclusions

COVID-19 pandemic-era mortality with ADRD as an underly-
ing or contributing cause has been extremely high. These
deaths are often preventable, and ADRD-related mortality fell
markedly in NH/LTC settings later in the pandemic. Vaccina-
tions were likely critical to these improvements. Our findings
underscore the urgent need to mitigate the pandemic’s im-
pacts on community-dwelling older adults with ADRD.
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