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IMPORTANCE The COVID-19 pandemic fundamentally altered the delivery of health care in
the United States. The associations between these COVID-19–related changes and outcomes
in vulnerable patients, such as among persons with Alzheimer disease and related dementias
(ADRD), are not yet well understood.

OBJECTIVE To determine the association between regional rates of COVID-19 infection and
excess mortality among individuals with ADRD.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cross-sectional study used data from
beneficiaries of 100% fee-for-service Medicare Parts A and B between January 1, 2019, and
December 31, 2020, to assess age- and sex-adjusted mortality rates. Participants were
53 640 888 Medicare enrollees 65 years of age or older categorized into 4 prespecified
cohorts: enrollees with or without ADRD and enrollees with or without ADRD residing in
nursing homes.

EXPOSURES Monthly COVID-19 infection rates by hospital referral region between January
and December 2020.

MAIN OUTCOMES AND MEASURES Mortality rates from March through December 2020 were
compared with those from March through December 2019. Excess mortality was calculated
by comparing mortality rates in 2020 with rates in 2019 for specific, predetermined groups.
Means were compared using t tests, and 95% CIs were estimated using the delta method.

RESULTS This cross-sectional study included 26 952 752 Medicare enrollees in 2019 and
26 688 136 enrollees in 2020. In 2019, the mean (SD) age of community-dwelling
beneficiaries without ADRD was 74.1 (8.8) years and with ADRD was 82.6 (8.4) years. The
mean (SD) age of nursing home residents with ADRD (83.6 [8.4] years) was similar to that
for patients without ADRD (79.7 [8.8] years). Among patients diagnosed as having ADRD in
2019, 63.5% were women, 2.7% were Asian, 9.2% were Black, 5.7% were Hispanic, 80.7%
were White, and 1.7% were identified as other (included all races or ethnicities other than
those given); the composition did not change appreciably in 2020. Compared with 2019,
adjusted mortality in 2020 was 12.4% (95% CI, 12.1%-12.6%) higher among enrollees without
ADRD and 25.7% (95% CI, 25.3%-26.2%) higher among all enrollees with ADRD, with even
higher percentages for Asian (36.0%; 95% CI, 32.6%-39.3%), Black (36.7%; 95% CI,
35.2%-38.2%), and Hispanic (40.1%; 95% CI, 37.9%-42.3%) populations with ADRD. The
hospital referral region in the lowest quintile for COVID-19 infections in 2020 had no excess
mortality among enrollees without ADRD but 8.8% (95% CI, 7.5%-10.2%) higher mortality
among community-dwelling enrollees with ADRD and 14.2% (95% CI, 12.2%-16.2%) higher
mortality among enrollees with ADRD living in nursing homes.

CONCLUSIONS AND RELEVANCE The results of this cross-sectional study suggest that the
COVID-19 pandemic may be associated with excess mortality among older adults with ADRD,
especially for Asian, Black, and Hispanic populations and people living in nursing homes, even
in areas with low COVID-19 prevalence.
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I n 2020, COVID-19 abruptly altered the delivery of health care
and the daily operations of nursing facilities.1 Changes in
health care delivery included a decrease in inpatient care2,3

and a transition of outpatient care to telehealth platforms.4

Changes in nursing facility operations included lockdowns and
strict visitation procedures, resulting in social isolation for many
residents.5-7 The association between those secondary changes
related to the pandemic and patient outcomes, especially
among vulnerable populations, has not been well described.

Excess mortality, which captures population-level in-
creases in mortality due to COVID-19 and COVID-19–related
changes in society,8,9 is an appropriate measure of both di-
rect and indirect effects of the pandemic. The aim of this study
was to explore the association between COVID-19–related
changes and the outcomes of vulnerable patients, such as those
with Alzheimer disease and related dementias (ADRD), and
underserved populations.

Methods
This cross-sectional study used data from beneficiaries of 100%
fee-for-service Medicare Parts A and B between January 1, 2019,
and December 31, 2020 (eAppendix 1 in the Supplement).
Demographic information was obtained from the Master Ben-
eficiary Summary File base. In Medicare claims, race is deter-
mined using self-reported Social Security Administration
data.10 To improve the accuracy of our race and ethnicity data,
we used the Research Triangle Institute algorithm to identify
more enrollees as Asian or Hispanic. This algorithm takes the
beneficiary race code historically used by the Social Security
Administration and applies an algorithm based on first and last
names likely to be of Hispanic or Asian origin.11 Small sample
sizes precluded analysis for other racial and ethnic identities.
This study is compliant with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) reporting
guidelines for cross-sectional studies. This research was
approved by the Institutional Review Board of the National
Bureau of Economic Research Human Subjects Committee,
which also waived the requirement for obtaining informed
consent because there was no direct contact with patients and
only deidentified claims data were used in the analyses.

The ADRD cohort was determined using the Chronic
Conditions Data Warehouse (CCW) algorithms for the calen-
dar year (eAppendix 1 in the Supplement); similar cohorts
have been shown to have a sensitivity of 0.85 and specificity
of 0.89 compared with clinically diagnosed dementia.12 We also
used the CCW algorithm to measure 3 relevant chronic con-
ditions associated with poorer outcomes in the setting of
COVID-19 infection: heart failure, diabetes, and lung cancer.13,14

Nursing home residence was determined using place of ser-
vice and Current Procedural Terminology codes from the car-
rier (physician) and outpatient files to identify enrollees with
any nursing facility–related services in each month.15 If the ben-
eficiary had 1 or more nursing facility–related place of service
or Current Procedural Terminology codes in the relevant pe-
riod, the beneficiary was classified as a nursing home resi-
dent. For each period, 4 cohorts were created: (1) patients with

ADRD, (2) patients without ADRD; (3) patients with ADRD re-
siding in nursing facilities; and (4) patients without ADRD
residing in nursing facilities.

Mortality rates were calculated at the national level for each
of the 4 cohorts, by race and ethnicity, for March through
December 2019 and for March through December 2020. Ex-
cess mortality was defined as the ratio of mortality in the 2020
period relative to the corresponding period in 2019 (or, equiva-
lently, the percentage by which the mortality rate of 2020
exceeded that of 2019). We calculated excess mortality for the
cohorts with or without ADRD for each of the 306 hospital re-
ferral regions (HRRs) in the US, for both earlier (March-July
2020) and later (August-December 2020) periods (eAppen-
dix 2 in the Supplement). By using largely overlapping popu-
lations during 2019 and 2020 within each HRR, we implicitly
adjusted for underlying initial health conditions and other
potential confounders.

Because patients with ADRD and nursing home residents
were older than the general Medicare population, we ad-
justed for sex and age and applied population weights for the
reference population (patients with ADRD) to populations with-
out ADRD. We did not adjust excess mortality rates by race or
ethnicity to ensure that the true burden of COVID-19 in re-
gions such as New Orleans or the Bronx was reflected in our
estimates rather than being attenuated by the application of
national risk-adjustment weights.16

Statistical Analysis
Using the daily COVID-19 infection rates per HRR obtained from
The New York Times,17 we also created population-weighted
quintiles of COVID-19 infection rates per 100 000 population
to consider excess mortality by quintile of exposure for the co-
horts with or without ADRD during the first and second waves
of the pandemic (eAppendix 3 in the Supplement). We then
used box and whisker plots to show the variability of HRR-
level ADRD excess mortality in HRRs with sample sizes of at
least 5000 patients with ADRD. We also performed a trend test
(2012-2018) for differences in region-specific mortality rates

Key Points
Question Is the COVID-19 pandemic associated with changes in
mortality among older adults with Alzheimer disease and related
dementias (ADRD)?

Findings In this cross-sectional study of 53 640 888 Medicare
enrollees 65 years of age or older, compared with 2019, mortality
was 12% higher among beneficiaries without ADRD and 26%
higher among beneficiaries with ADRD in 2020. Among nursing
home residents without ADRD, mortality was 24% higher, and
among nursing home residents with ADRD, mortality was 33%
higher.

Meaning These findings suggest that the COVID-19 pandemic
was associated with increased mortality among older Medicare
enrollees with ADRD, especially among beneficiaries living in
nursing homes.
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across quintiles of COVID-19 exposure (eAppendix 2 in the
Supplement).

Means were compared using t tests, and 95% CIs were
estimated using the delta method (eAppendix 2 in the
Supplement).18 Statistical significance was defined as a 2-sided
P < .05. All data were analyzed using SAS, version 9.4 (SAS
Institute Inc).

Results
We compared mortality rates for 26 952 752 Medicare enroll-
ees in March through December 2019 with rates for 26 688 136
enrollees in March through December 2020. As shown in
Table 1, 2 412 124 enrollees (8.9% of the total) were diagnosed
as having ADRD in 2019, and 2 308 234 enrollees (8.6% of the
total) in 2020. During 2020 the nursing home population de-
creased by 18.7%. In 2019, the mean (SD) age of community-
dwelling beneficiaries without ADRD was 74.1 (8.8) years,
whereas the mean (SD) age of community-dwelling beneficia-
ries with ADRD was 82.6 (8.4) years. For nursing home resi-
dents, the mean (SD) age for patients with ADRD (83.6 [8.4]
years) was similar to that for patients without ADRD (79.7 [8.8]
years) (eAppendix 4 in the Supplement). Among patients di-
agnosed as having ADRD in 2019, 63.5% were women, 36.5%
were men, 2.7% were Asian, 9.2% were Black, 5.7% were
Hispanic, and 80.7% were White; the composition did not
change appreciably in 2020. In 2019, the rates of Medicaid dual

eligibility were substantially higher in the population with
ADRD (25.8%) compared with the population without ADRD
(9.6%), as were rates of lung disease (30.2% vs 18.2%), diabe-
tes (33.9% vs 22.9%), and heart failure (50.8% vs 25.3%).

Excess mortality for the Medicare enrollees without ADRD
adjusted for age and sex was 1.124, or 12.4% higher in 2020
than in 2019 (95% CI, 12.1%-12.6%); for patients with ADRD,
mortality was 25.7% higher (95% CI, 25.3%-26.2%). Thus, pa-
tients with ADRD experienced a 13.3% greater mortality risk
than patients without ADRD from March through December
2020 (Table 2). Among nursing home residents without ADRD,
adjusted excess mortality was 1.242, or 24.2% higher (95% CI,
23.4%-25.0%) in 2020 than in 2019. For nursing home resi-
dents with ADRD, excess mortality was 1.334, or 33.4% (95%
CI, 32.8%-34.0%) higher in 2020 than in 2019.

In stratified analysis, excess mortality in the population
with ADRD was similar for women (25.9% excess mortality;
95% CI, 25.2%-26.3%) and men (25.9%; 95% CI, 25.2%-
26.5%). Excess mortality was larger in magnitude for Asian
(36.0% excess mortality; 95% CI, 32.6%-39.3%), Black (36.7%
excess mortality; 95% CI, 35.2%-38.2%), and Hispanic (40.1%
excess mortality; 95% CI, 37.9%-42.3%) populations; a simi-
lar pattern of elevated mortality risk was observed among
enrollees without ADRD.

We next considered excess mortality in populations with
or without ADRD stratified by quintiles of COVID-19 infection
rates for early (March-July) and later (August-December) pe-
riods of 2020. Figure 1 shows the monotonicity of increasing

Table 1. Demographic Characteristics of Medicare Enrollees With or Without ADRD, 2019 vs 2020

Characteristic

With ADRD, %
P value
2019 vs 2020

Without ADRD, %
P value
2019 vs 20202019 2020 2019 2020

All enrollees, No. 2 412 124 2 308 234 24 540 628 24 379 902

Nursing home residents, No.a 1 074 880 934 454 871 865 647 346

Age, mean (SD), y 82.6 (8.4) 82.3 (8.5) <.001 74.1 (8.8) 74.0 (9.0) <.001

Sex

Female 63.5 62.6 <.001 55.1 55.0 <.001

Male 36.5 37.4 <.001 44.9 45.0 <.001

Race and ethnicity

Asian 2.7 2.9 <.001 2.8 2.9 <.001

Black 9.2 9.1 <.001 6.7 6.5 <.001

Hispanic 5.7 5.8 <.001 4.9 4.9 <.001

White 80.7 80.3 <.001 82.2 82.2 <.001

Otherb 1.7 1.9 <.001 3.3 3.5 <.001

Medicaid recipient 25.8 25.0 <.001 9.6 8.9 <.001

End-stage kidney disease 1.6 1.70 <.001 0.7 0.7 <.001

Nursing home resident 44.6 40.5 <.001 3.6 3.9 <.001

Chronic conditionc

Lung disease 30.2 35.3 <.001 18.2 21.4 <.001

Diabetes 33.9 37.6 <.001 22.9 24.6 <.001

Heart failure 50.8 57.0 <.001 25.3 28.7 <.001

Abbreviation: ADRD, Alzheimer disease and related dementias.
a Baseline characteristic comparison for patients with or without ADRD living in

nursing homes is provided in eAppendix 4 in the Supplement.
b Other race or ethnicity includes all races or ethnicities other than those given.

c Algorithms for determining chronic conditions were based on the Centers for
Medicare & Medicaid Services Chronic Conditions Data Warehouse algorithm
for that calendar year.
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Table 2. Crude and Risk-Adjusted Mortality for Medicare Enrollees With or Without ADRD Between March and December 2019
and March and December 2020

Variable

With ADRD, % 2020/2019
ADRD excess
mortality (95% CI)a

Without ADRD, % 2020/2019 Without
ADRD excess
mortality (95% CI)a2019 2020 2019 2020

Overall crude and adjusted mortality rates

Crude mortality 19.2 24.2 1.26 (1.25-1.26) 2.3 2.6 1.14 (1.13-1.14)

Adjusted mortality 19.6 24.6 1.26 (1.25-1.26) 4.2 4.7 1.12 (1.12-1.13)

Nursing home residents crude and adjusted mortality rates

Crude mortality 24.8 32.9 1.33 (1.32-1.33) 15.6 19.5 1.25 (1.24-1.26)

Adjusted mortality 24.8 33.0 1.33 (1.33-1.34) 16.6 20.6 1.24 (1.23-1.25)

Demographic subgroups adjusted mortality rates

Men 21.6 27.2 1.26 (1.25-1.26) 4.6 5.3 1.15 (1.14-1.13)

Women 18.4 23.1 1.26 (1.25-1.26) 4.0 4.4 1.11 (1.10-1.11)

Asian population 14.2 19.4 1.36 (1.33-1.39) 3.1 3.8 1.21 (1.19-1.23)

Black population 19.4 26.6 1.37 (1.35-1.38) 4.0 5.3 1.31 (1.30-1.32)

Hispanic population 16.4 23.0 1.40 (1.38-1.42) 3.8 5.0 1.32 (1.30-1.34)

Abbreviation: ADRD, Alzheimer disease and related dementias.
a Excess mortality is the ratio of the mortality rate in 2020 divided by the mortality rate in 2019 for a given group.

Figure 1. Excess Deaths for Medicare Enrollees With or Without Alzheimer Disease and Related Dementias
(ADRD) Between March and July and Between August and December 2020,
by Quintile of Community COVID-19 Exposure
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A and B, Excess adjusted mortality for
all enrollees. C and D, Excess adjusted
mortality for nursing home residents.
Excess mortality rates higher than
1.0 (horizontal line) indicate mortality
higher in 2020 relative to 2019.
Quintile 1 includes hospital referral
regions with the lowest rates of
COVID-19 infection; quintile 5, the
highest rates of COVID-19 infection.
All excess death rates are adjusted
for age and sex. Quintiles of regional
COVID-19 exposure are based on
county-level data aggregated to
hospital referral regions obtained
from The New York Times.17 The
shaded areas indicate 95% CIs.

Research Original Investigation Mortality Among Adults With Alzheimer Disease and Related Dementias Before and During the COVID-19 Pandemic

E4 JAMA Neurology Published online February 28, 2022 (Reprinted) jamaneurology.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Dartmouth College User  on 03/07/2022

http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2022.0010


excess mortality across increasing quintiles of COVID-19 in-
fection during both the first (March-July) and second waves
(August-December) of the pandemic. In each quintile, excess
mortality was higher in the population with ADRD than in the
population without ADRD. Between March and July 2020, in
the lowest quintile for COVID-19 infections, excess mortality
was estimated to be −2.1% (95% CI, −2.9% to −1.4%) (Figure 1A).
The magnitude of this decrease is roughly similar to the mean
annual mortality decrease from 2012 through 2018 (eAppen-
dix 2 in the Supplement). By contrast, for patients with ADRD
in the same lowest quintile regions, mortality was 8.8% higher
(95% CI, 7.5%-10.2%) (Figure 1A), and for nursing home resi-
dents with ADRD also in the lowest quintile regions, mortal-
ity was 14.2% higher (95% CI, 12.2%-16.2%) (Figure 1C).

The variability in excess mortality among patients with
ADRD across quintiles of COVID-19 exposure is shown in
Figure 2. Mortality rates for patients with ADRD in Ridge-
wood, New Jersey, increased by 104.4%, whereas in the Bronx,
New York, mortality was 110.1% higher; Philadelphia, Penn-
sylvania (62% increase in mortality), was also an outlier for high
excess mortality, even though the Philadelphia HRR overall was
just in the third quintile for COVID-19 infections. Although in
general, there was a 3-fold or more increase in the rates of
COVID-19 diagnosis between the early and later periods of 2020
across all quintiles (eAppendix 3 in the Supplement), rates
of excess mortality in the population with ADRD did not in-
crease for all quintiles of COVID-19 exposure.

Discussion
Early in the COVID-19 pandemic, it became clear that vulner-
able and underserved populations were at particular risk of

dying from the disease. In this cross-sectional study, we esti-
mated excess mortality from March through December 2020
in a sample of more than 26.9 million older Medicare enroll-
ees. We found that enrollees with ADRD were at higher risk of
dying in 2020 compared with 2019, either directly of COVID-19
or because of premature death owing to disruptions in health
care. These results hold both for patients with ADRD overall
and for patients with ADRD residing in nursing homes. Higher
rates of excess mortality were observed for patients with ADRD
who identified as Asian, Black, and Hispanic. Furthermore,
ADRD mortality rates were elevated even in regions with very
low rates of community infection early in the pandemic.

Excess mortality among older adults with ADRD during the
early phases of the COVID-19 pandemic likely reflects many
factors. First, some of the increase in mortality is due to
COVID-19 itself. Prior work suggests that COVID-19 infections
accounted for between 78% and 90% of the observed excess
mortality in 2020.19 The higher COVID-19 mortality rate among
older adults has been well documented,20-24 and there is some
evidence suggesting that ADRD may be an age-independent
risk factor for COVID-19 severity.14,25 In addition, higher
COVID-19 mortality rates by race and ethnicity have also been
well described.19,26-30 This study, however, is the first, to our
knowledge, to describe the association between COVID-19
and excess mortality for older adults with or without ADRD
and those living in nursing homes, including Asian, Black, and
Hispanic populations.

To date, this study represents the largest examination of
mortality trends among nursing home residents during the early
phase of the COVID-19 pandemic. The association between
COVID-19 and mortality among nursing home residents, where
COVID-19 is known to be prevalent,6 is complex. For example,
Kosar et al5 found that COVID-19 mortality rates decreased

Figure 2. Variation in Excess Mortality Among Enrollees With Alzheimer Disease and Related Dementias (ADRD) by COVID-19 Quintile
in March Through July (First Wave) and in August Through December (Second Wave) 2020
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Box and whisker plots showing the wide variation in ADRD excess mortality
across hospital referral regions, even in regions with similar levels of community
infection. To reduce statistical noise, hospital referral regions are limited to
those with at least 5000 beneficiaries with ADRD in 2019 and 2020. Variability
is highest in the first wave of the pandemic, with the Bronx, New York (excess
mortality, 2.17), Newark, New Jersey (1.95), and Ridgewood, New Jersey (1.91),

exhibiting the highest rates in the ADRD population. The x-axis represents
quintiles of COVID-19 infection rates. The lower border of the box represents
the 25th percentile; the upper border, the 75th percentile. The lower and upper
ends of the whiskers represent minimum and maximum rates for each quintile;
dots represent outliers.
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among nursing home residents between March and November
2020. Other work noted that both regional infection rates and
nursing home quality play important roles in determining
COVID-19 mortality rates among nursing home residents.9

Unlike the Kosar et al5 study focusing on documented
COVID-19 deaths, the present study found a general increase
between the early and late periods of 2020 in excess mortal-
ity among nursing home residents with ADRD, suggesting that
factors other than COVID-19 infection were playing a signifi-
cant role in excess mortality among vulnerable populations.
For example, even in HRRs with low rates of COVID-19, where
excess mortality among community-dwelling patients with-
out ADRD was slightly below that in 2019, excess mortality was
8.8% for patients with ADRD overall and 14.2% for nursing
home residents with ADRD.

There are many potential explanations for this observed
increase in excess mortality. For example, changes in health
care delivery, including fewer inpatient admissions and the
transition of outpatient visits to telehealth platforms, may dis-
proportionately affect older adults with ADRD. Because older
adults in general and older adults with cognitive impair-
ments are less able to engage effectively with standard tele-
health platforms,31,32 it is not difficult to imagine how the com-
bination of less effective (or absent) outpatient care and lower
inpatient admission rates led to higher mortality.

Although excess mortality among patients with ADRD in
nursing homes may not have decreased, overall excess mor-
tality rates for all patients with ADRD were equal to or some-
what reduced across quintiles of COVID-19 exposure from
August through December 2020 compared with from March
through July 2020, despite a 3-fold (or more) increase in the
incidence of COVID-19. This relative stability was likely asso-
ciated with better testing, “learning by doing” on the part of
health care workers in reducing the risk of dying of the dis-
ease through evolving hospital procedures, and improved mask
wearing and social distancing rates in geographic regions with
higher infection rates.

As telehealth takes on a larger role in health care delivery,33

it will be important to monitor the outcomes of older adults,
including those with ADRD and those living in nursing homes,
to best understand how to adapt telehealth platforms to their
specific needs. In addition, decreased access to community
support services and the negative effects of social isolation and
loneliness in community-dwelling individuals and nursing
home residents likely played a role in higher mortality rates.34,35

Similarly, increases in caregiver stress, burden, and isolation

may have indirectly affected the health of people with ADRD
and people living in nursing home settings. In sum, the con-
sistently higher excess mortality within a given COVID-19 quin-
tile underscored the vulnerability of patients with ADRD to
abrupt changes in health care delivery, lockdowns, and social
isolation,7,36 particularly for underserved groups, such as Asian,
Black, and Hispanic populations.

Limitations
This study had several limitations. First, although we used
a well-validated method for determining nursing home resi-
dence, with a sensitivity of 93%, there may have been pa-
tients in alternative institutional settings, such as memory care
units or group homes, who were not captured using this
method. Second, COVID-19 infection rates were likely under-
stated by poor disease detection rates in early 2020. Third,
nursing home occupancy rates decreased during the course of
202037 (Table 1); thus, changes in case mix may have oc-
curred, although our assessment of demographic informa-
tion and comorbidities suggested little change (eAppendix 4
in the Supplement). Fourth, the “waves” of the pandemic did
not follow a uniform timeline across the country, meaning that
just 2 periods were unlikely to capture the wide variation in
the timing of local infection spikes. Still, the quintiles cap-
tured wide differences in infection rates: a nearly 6-fold dif-
ference between the highest and lowest quintile in the early
period, and a nearly 3-fold difference in the later period. Fifth,
we are unable to determine why some HRRs fared markedly
better than others, even within the same COVID-19 infection
quintile; this is an area for future research.

Conclusions
In this cross-sectional study of Medicare enrollees 65 years of
age and older, COVID-19 was associated with excess mortality
among enrollees with ADRD, with more pronounced relative
risks among Asian, Black, and Hispanic populations and for
enrollees in nursing homes. The elevated mortality risk was
found early in the pandemic even in areas with very low
COVID-19 infection rates, suggesting that older adults with
ADRD, especially those in racial and ethnic minority groups
and those living in nursing homes, may be particularly sus-
ceptible to changes in health care delivery and nursing home
care during the “lockdowns” and other restrictions during
the pandemic.
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