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Abstract.
Background: Identification of patients at high susceptibility and high risk of developing serious complications related to
coronavirus disease 2019 (COVID-19) infection is clinically important in the face of the COVID-19 pandemic.
Objective: To investigate whether patients with Alzheimer’s disease (AD) are more susceptible to COVID-19 infection and
whether they have a higher risk of developing serious complications.
Methods: We retrospectively reviewed the Korean nationwide population-based COVID-19 dataset for participants who
underwent real-time reverse transcription polymerase chain reaction assays for COVID-19 between January 1 and June
4, 2020. A 1 : 3 ratio propensity score matching and binary logistic regression analysis were performed to investigate the
association between AD and the susceptibility or severe complications (i.e., mechanical ventilation, intensive care unit
admission, or death) of COVID-19.
Results: Among 195,643 study participants, 5,725 participants had AD and 7,334 participants were diagnosed with COVID-
19. The prevalence of participants testing positive for COVID-19 did not differ according to the presence of AD (p = 0.234).
Meanwhile, AD was associated with an increased risk of severe COVID-19 complications (OR 2.25 [95% CI 1.54–3.28]).
Secondary outcome analyses showed that AD patients had an increased risk for mortality (OR 3.09 [95% CI 2.00–4.78]) but
were less likely to receive mechanical ventilation (OR 0.42 [95% CI 0.20–0.87]).
Conclusion: AD was not associated with increased susceptibility to COVID-19 infection, but was associated with severe
COVID-19 complications, especially with mortality. Early diagnosis and active intervention are necessary for patients with
AD suspected COVID-19 infection.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) is an
infectious disease caused by a novel coronavirus that
is designated as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1]. During this ongo-
ing COVID-19 pandemic, the highly contagious viral
illness continues to spread around the world, and it is
the most crucial global health threat of the 21st cen-
tury. Although the majority of people infected with
COVID-19 (about 75–80%) have mild symptoms
or are asymptomatic, a non-ignorable percentage of
patients infected with COVID-19 can develop severe
complications such as respiratory failure, which often
require mechanical ventilation and intensive care [2].
Also, mild symptoms of COVID-19 can suddenly
turn into severe symptoms in patients affected by the
disease. Due to its high infectivity and related compli-
cations, COVID-19 in recent times, has become one
of the leading causes of death worldwide [3]. There-
fore, identification of patients at high susceptibility
and high risk of developing serious complications
related to COVID-19 infection is clinically important
for early treatment and proper allocation of med-
ical resources. Several epidemiologic studies have
demonstrated that the presence and number of under-
lying conditions and medical illnesses are strongly
associated with susceptibility to COVID-19 and to
poor prognosis after COVID-19 infection [4, 5].

Alzheimer’s disease (AD) is the most common
type of dementia and is one of the major causes of
disability, dependency, and death among older peo-
ple globally [6]. Patients with AD are frequently
accompanied by multiple comorbidities and they are
extremely vulnerable to several medical conditions
[7, 8]. In particular, infection such as pneumonia
is a common complication in AD patients and it is
one of the main causes of death [9, 10]. Patients
with AD may not properly complain of early symp-
toms of COVID-19 infection due to cognitive decline
and language problems [11]. Therefore, the diag-
nosis and treatment of COVID-19 infection could
be delayed in AD patients, which may eventually
lead to poor prognosis after COVID-19 infection
[12]. Moreover, dysregulated immunity in AD can
predispose patients to COVID-19 infection and com-
plications [13–15]. Aging and delirium conditions
associated with AD may also increase the vulnera-
bility to COVID-19 infection [16, 17]. In the current
study, we investigated whether patients with AD were
more susceptible to COVID-19 infection compared
to non-AD individuals in the general population,

based on a nationwide population-based COVID-19
dataset. We also investigated whether AD patients
infected with COVID-19 were more likely to expe-
rience severe complications compared to non-AD
patients with COVID-19 infection.

METHODS

Study design and participants

This retrospective observational study was based
on a nationwide population-based COVID-19 dataset
from South Korea. Since South Korea has a pub-
lic and single-payer health insurance system, the
National Health Information Database by National
Health Insurance Service (NHIS) contains all health
care service information on hospital visit, admission,
diagnoses (recorded using International Statistical
Classification of Diseases and Related Health Prob-
lems (ICD)-10 codes), procedures, prescriptions,
demographics, and mortality of the whole Korean
population [18, 19]. In the face of the COVID-19
pandemic, the Korea Centers for Disease Control
and Prevention and NHIS released the nationwide
COVID-19 dataset consisting of all Koreans who
underwent real-time reverse transcription polymerase
chain reaction (RT-PCR) assays of nasal and pharyn-
geal swabs for COVID-19 from January 1 to June
4, 2020 for academic research [20]. The real-time
RT-PCR assays kit followed the World Health Orga-
nization guidelines, and it was validated by the Korea
Centers for Disease Control and Prevention [21].
This study was approved by the Institutional Review
Board of our institution (Seoul Hospital Ewha Wom-
ans University College of Medicine 2020-10-021),
and the requirement for informed consent was waived
due to the retrospective analysis and use of the fully
anonymized dataset.

Alzheimer’s disease

The presence of AD was defined when patients had
ICD-10 codes F00 and G30 as the main or secondary
diagnosis with the prescription of cholinesterase
inhibitors (donepezil, rivastigmine, and galantamine)
or memantine for the treatment of AD prior to
COVID-19 RT-PCR test. Patients with vascular
dementia (F01) or stroke (I60-63) were excluded
from the study to rule out possible confounding fac-
tors that were present with vascular dementia [22, 23].
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Study outcome

We investigated (1) whether patients with AD were
more susceptible to COVID-19 infection, and (2)
whether AD was associated with a poor prognosis
in COVID-19 infected patients. The study outcomes
were defined as (1) positivity in testing of COVID-19
and (2) the development of severe complications after
COVID-19 infection. The development of severe
complications was defined as either mechanical ven-
tilation, admission to the intensive care unit, or death
within 2 months after the diagnosis of COVID-19.
Based on the health claim database, mechanical ven-
tilation was identified by the presence of related claim
codes for mechanical ventilation (M5850, M5857,
M5858, and M5860) [24]. The admission to the inten-
sive care unit was defined as related claim codes
(AH110, AH150, AH180-85, AH190-5, AH210,
AH250, AH280-9, AH28A, AH290-9, AH380-9,
AH38A, AH390-9, AH501, AJ001–AJ011, AJ020-
1, AJ031, AJ100-390, AJ2A0, AJ3A0, AJ500-590,
V5100, V5200, V5210-20, and V5500-5520). Mor-
tality data were provided by the NHIS, and they had
been previously validated [25, 26].

Covariates

We acquired demographic information regarding
sex, age at COVID-19 RT-PCR test, and household
income level (tertiles). In the COVID-19 dataset, age
was presented in 10-year increments for privacy rea-
sons. In the analysis, the age group was dichotomized
using a cutoff of 60 years. The presence of hyperten-
sion, diabetes mellitus, coronary artery disease, heart
failure, atrial fibrillation, asthma, chronic kidney dis-
ease, and malignancy were collected as covariates,
and they were determined based on the health claims
database [27]. Definition of covariates are presented
in the Supplementary Material.

Statistical analyses

Comparative analyses of COVID-19 test positiv-
ity and the development of severe complications of
COVID-19 infection were performed in both the
unmatched cohort and the propensity score-matched
cohorts. Propensity score matching (PSM) was per-
formed using the greedy nearest-neighbor algorithm
to balance all collected covariates in both groups
with and without AD. To evaluate the susceptibil-
ity to COVID-19 infection according to AD, a 1 : 3

ratio PSM was performed among study participants
who received the COVID-19 RT-PCR test. To investi-
gate the association of AD with severe complications
of COVID-19 infection, a 1 : 3 ratio PSM was per-
formed among COVID-19 positive patients. To check
whether PSM was performed properly, the standard-
ized differences of each variable included in the PSM
were calculated accordingly. If absolute value of the
standardized differences were less than 0.20, the PSM
was considered appropriate [28].

Binary logistic regression analysis was used to
calculate the odds ratios (ORs) and 95% confi-
dence intervals (CIs) of AD for susceptibility to
COVID-19 infection and the development of severe
complications in the unmatched cohort and PSM
cohorts, respectively. We additionally evaluated asso-
ciations between AD and individual components in
severe complications of COVID-19 infection, that is,
mechanical ventilation, intensive care unit, and death.
Statistical analyses were performed using R software,
version 3.3.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria) and SAS 9.4 version (SAS Inc.,
Cary, NC, USA). Two-sided p-values less than 0.05
were considered significant.

RESULTS

Susceptibility to COVID-19 infection in patients
with AD

The Korean nationwide COVID-19 dataset
included 212,678 participants aged > 20 years who
underwent at least one SARS-CoV-2 test between
January 1 and June 4, 2020 (Fig. 1). After excluding
17,035 individuals with a history of vascular demen-
tia or stroke before the COVID-19 RT-PCR test,
189,918 individuals without AD and 5,725 (2.9%)
individuals with AD were included in the unmatched
cohort (Table 1). When we evaluated the suscep-
tibility to COVID-19 infection in the unmatched
cohort, COVID-19 RT-PCR positivity did not differ
according to the presence of AD (OR 0.87, 95% CI
0.75–1.01, p = 0.071; Table 2). In the PSM cohort
(5,725 individuals with AD and 17,038 individuals
without AD; Table 1), COVID-19 RT-PCR positiv-
ity also did not differ according to the presence
or absence of AD (OR 1.11, 95% CI 0.94–1.31,
p = 0.234; Table 2).
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Fig. 1. Flow chart depicting patient selection for analysis of the susceptibility to COVID-19 infection. SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; AD, Alzheimer’s disease.

Prognosis of COVID-infection in patients with
AD

The COVID-19 dataset consisted of 7,334 patients
positive for the COVID-19 RT-PCR test (Fig. 2).
Among the 7,334 COVID-19 patients, 189 (2.5%)
had AD (Table 3). During the two months after
COVID-19 infection, 351 (4.8%) patients developed
severe complications (composite of mechanical ven-
tilation, intensive care unit, or death). The number
of patients infected with COVID-19 who received
mechanical ventilation, intensive care unit admis-
sion, and who died was 155 (2.1%), 223 (3.0%),
and 160 (2.2%), respectively. In the unmatched
cohort of patients with COVID-19 infection, AD
was associated with a high risk for the devel-
opment of severe complications (OR 11.26, 95%
CI 8.12–15.62, p < 0.001; Table 4). In the PSM
cohort with COVID-19 patients (188 patients with
AD and 534 patients without AD), the find-
ing of a significant association between AD and

severe complications of COVID-19 was consis-
tent (OR 2.25, 95% CI 1.54–3.28, p < 0.001;
Table 4).

We performed secondary outcome analyses to
determine the association between the individ-
ual components of severe complications and AD
(Table 4). In the unmatched cohort, AD was associ-
ated with the risk of mechanical ventilation (OR 2.40,
95% CI 1.20–4.78, p = 0.013), intensive care unit
admission (OR 4.05, 95% CI 2.50–6.57, p < 0.001),
and mortality after COVID-19 infection (OR 20.60,
95% CI 14.11–30.08, p < 0.001). In the PSM cohort
with COVID-19 patients, AD was associated with a
high risk of mortality (OR 3.09, 95% CI 2.00–4.78,
p < 0.001). However, there was no difference in the
rate of admission to the intensive care unit according
to the presence of AD (OR 0.94, 95% CI 0.55–1.61,
p = 0.822). Additionally, mechanical ventilation rate
was lower in AD patients after COVID-19 infection
(OR 0.42, 95% CI 0.20–0.87, p = 0.019) in the PSM
cohort.
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Table 1
Baseline characteristics of participants who underwent COVID-19 test with and without Alzheimer’s disease before and after propensity

score matching

Variable Before propensity After propensity Standardized
score matching score matching difference*

Without AD With AD Without AD With AD
(N = 189,918) (N = 5,725) (N = 17,038) (N = 5,725)

Sex, male 88,955 (46.84) 2,108 (36.82) 6,575 (38.59) 2,108 (36.82) 0.0361
Age, y 0.0002

<60 139,022 (73.20) 90 (1.57) 266 (1.56) 90 (1.57)
60–69 23,904 (12.59) 314 (5.48) 940 (5.52) 314 (5.48)
≥70 26,992 (14.21) 5,321 (92.94) 15,832 (92.92) 5,321 (92.94)

Household income –0.0383
T1 62,995 (33.17) 2,428 (42.41) 6,809 (39.96) 2,428 (42.41)
T2 65,610 (34.55) 1,226 (21.41) 3,929 (23.06) 1,226 (21.41)
T3 61,313 (32.28) 2,071 (36.17) 6,300 (36.98) 2,071 (36.17)

Medical history
Hypertension 47,825 (25.18) 4,256 (74.34) 12,666 (74.34) 4,256 (74.34) <0.0001
Diabetes mellitus 20,766 (10.93) 1,840 (32.14) 5,501 (32.29) 1,840 (32.14) 0.0037
Coronary artery disease 10,445 (5.50) 947 (16.54) 2,726 (16.00) 947 (16.54) –0.0176
Heart failure 13,456 (7.09) 1,669 (29.15) 4,714 (27.67) 1,669 (29.15) –0.0403
Atrial fibrillation 4,409 (2.32) 561 (9.80) 1,525 (8.95) 561 (9.80) –0.0360
Asthma 11,843 (6.24) 781 (13.64) 2,192 (12.87) 781 (13.64) –0.0262
Chronic kidney disease 13,925 (7.33) 1,249 (21.82) 3,647 (21.41) 1,249 (21.82) –0.0119
Malignancy 25,437 (13.39) 1,112 (19.42) 3,687 (21.64) 1,112 (19.42) 0.0600

CCI 2.43 ± 2.54 5.00 ± 2.75 5.00 ± 2.96 5.00 ± 2.75 –0.0003

Data are presented as number with percentage or mean with standard deviation. *A standardized difference between groups with and without
Alzheimer’s disease after propensity score matching. All absolute value of standardized differences are less than 0.20, suggesting that
covariates are balanced between the groups after propensity score matching. AD, Alzheimer’s disease; T, tertile; CCI, Charlson Commodity
index; CI, confidence interval.

Table 2
The proportion of participants testing positive for COVID-19 according to Alzheimer’s disease before and after propensity score matching

Variable Before propensity score matching After propensity score matching
Without AD With AD OR [95% CI] p Without AD With AD OR [95% CI] p

(N = 189,918) (N = 5,725) (N = 17,038) (N = 5,725)

COVID-19 0.071 0.234
Negative (-) 182773 (96.24) 5536 (96.70) Ref 16529 (97.01) 5536 (96.70) Ref
Positive (+) 7145 (3.76) 189 (3.30) 0.87 [0.75–1.01] 509 (2.99) 189 (3.30) 1.11 [0.94–1.31]

Data are presented as number with percentage. OR and 95% CI are derived from univariate binary logistic regression analysis for COVID-19
test positivity. AD, Alzheimer’s disease; OR, odds ratio; CI, confidence interval.

DISCUSSION

The present study investigated whether patients
with AD were more susceptible to COVID-19 and
whether they had a poor prognosis. The major find-
ings were as follows: 1) Individuals with AD were
not more susceptible to COVID-19 infection; 2)
Individuals with AD had a higher risk of serious
complications, particularly death, when infected with
COVID-19 than those without AD. These findings
suggest that patients with AD should be more cau-
tious not to be infected with COVID-19 because of
a higher risk of severe complications upon infection.
Strict preventive management or close monitoring for
complications would be needed for patients with AD
who infected with COVID-19.

The global pandemic of COVID-19 has not only
caused many casualties, but it also has a major impact
on social, economic, and public health aspects around
the world. Therefore, early detection of COVID-19-
infected patients at high risk of serious complications
or death is important for the implementation of appro-
priate therapeutic strategies and the optimization of
hospital resource reallocation. In this study, we found
that patients with AD were not more susceptible to
COVID-19 infection than non-AD individuals but
were associated with an increased risk of serious
complications upon COVD-19 infection. The evi-
dence to date indicates that the elderly with AD or
dementia have a high risk of contracting COVID-19
and, once infected, they have a high risk of severe
COVID-19 and mortality [29–32]. Several possi-
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Fig. 2. Flow chart depicting patient selection for analysis of prognosis in patients with COVID-19 infection. SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; AD, Alzheimer’s disease.

ble mechanisms have been proposed to explain the
association between AD and COVID-19 suscepti-
bility and serious complications. First, risk factors
for AD, including old age, underlying comorbidi-
ties, and long-term care facilities, are also risk factors
for COVID-19 infection and severe COVID-19 [33],
making patients with dementia more vulnerable to
COVID-19 infection. Second, the increased mortality
of patients with AD may be related to socio-clinical
factors. Older patients infected with COVID-19 tend
to present with atypical non-respiratory symptoms
such as delirium or isolated functional decline [34].
Decreased communication ability in patients with AD
can also delay the diagnosis of COVID-19 infec-
tion and can underestimate the disease severity [35].
Social isolation during the COVID-19 pandemic is
associated with the manifestation and exacerbation
of neuropsychiatric symptoms in patients with AD

[36], which can have detrimental effects on mortal-
ity [37]. Third, the pathomechanisms underlying AD
share the mechanisms that increase the susceptibility,
morbidity, and mortality associated with COVID-
19 infection [12, 31, 32]. Elevated plasma levels of
inflammatory cytokines, such as interleukin-6, are
observed both in patients with AD and COVID-
19-infected patients with increased mortality [38].
Apolipoprotein E (APOE) �4 allele is a common
risk factor for AD, and some evidence has shown
that individuals with APOE �4/�4 homozygote have
higher COVID-19 susceptibility and fatality than
those with other genotypes [39, 40]. A genetic variant
of oligoadenylate synthetase 1, known to be associ-
ated with severe outcome with COVID-19 infection,
is also associated with an increased risk for AD [31].
Moreover, older people with dementia would have
a condition called immune senescence [41], which
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Table 3
Baseline characteristics of COVID-19 patients with and without Alzheimer’s disease before and after propensity score matching

Variable Before propensity After propensity Standardized
score matching score matching difference*

Without AD With AD Without AD With AD
(N = 7,145) (N = 189) (N = 534) (N = 188)

Sex, male 2,817 (39.43) 58 (30.69) 199 (37.27) 58 (30.85) 0.1350
Age, y 0.0040

<60 5,416 (75.8) 5 (2.65) 15 (2.81) 5 (2.66)
60–69 1,100 (15.40) 16 (8.47) 45 (8.43) 16 (8.51)
≥60 629 (8.80) 168 (88.89) 474 (88.76) 167 (88.83)

Household income -0.0516
T1 3,071 (42.98) 87 (46.03) 240 (44.94) 86 (45.74)
T2 2,071 (28.99) 46 (24.34) 116 (11.72) 46 (24.47)
T3 2,003 (28.03) 56 (29.63) 178 (33.33) 56 (29.79)

Medical history
Hypertension 1,318 (18.45) 121 (64.02) 333 (62.36) 120 (63.83) -0.0337
Diabetes mellitus 576 (8.06) 59 (31.22) 160 (29.96) 58 (30.85) -0.0374
Coronary artery disease 236 (3.30) 23 (12.17) 60 (11.24) 23 (12.23) -0.0379
Heart failure 306 (4.28) 52 (27.51) 113 (21.16) 51 (27.13) -0.1721
Atrial fibrillation 74 (1.04) 20 (10.58) 30 (5.62) 19 (10.11) -0.1960
Asthma 294 (4.11) 13 (6.88) 32 (5.99) 13 (6.91) -0.0406
Chronic kidney disease 343 (4.80) 21 (11.11) 51 (9.55) 21 (11.17) -0.0603
Malignancy 420 (5.88) 27 (14.29) 72 (13.48) 27 (14.36) -0.0295

CCI 1.80 ± 1.86 4.06 ± 1.97 3.71 ± 2.29 4.06 ± 1.97 0.1800

Data are presented as number with percentage or mean with standard deviation. *A standardized difference between groups with and without
Alzheimer’s disease after propensity score matching. All absolute value of standardized differences are less than 0.20, suggesting that
covariates are balanced between the groups after propensity score matching. AD, Alzheimer’s disease; T, tertile; CCI, Charlson Commodity
index; CI, confidence interval.

Table 4
Severe complication of COVID-19 patients with and without Alzheimer’s disease before and after propensity score matching

Outcomes Before propensity score matching After propensity score matching
Without AD With AD OR [95% CI] P Without AD With AD OR [95% CI] p
(N = 7145) (N = 189) (N = 534) (N = 188)

Severe complication of COVID-19
Mechanical ventilation 146 (2.04) 9 (4.76) 2.40 [1.20–4.78] 0.013 57 (10.67) 9 (4.79) 0.42 [0.20–0.87] 0.019
Intensive care unit admission 203 (2.84) 20 (10.58) 4.05 [2.50–6.57] <0.001 60 (11.24) 20 (10.64) 0.94 [0.55–1.61] 0.822
Death 113 (1.58) 47 (24.87) 20.60 [14.11–30.08] <0.001 52 (9.74) 47 (25.00) 3.09 [2.00–4.78] <0.001
Composite of outcome 290 (4.06) 61 (32.28) 11.26 [8.12–15.62] <0.001 94 (17.60) 61 (32.45) 2.25 [1.54–3.28] <0.001

Data are presented as number with percentage. OR and 95% CI are derived from univariate binary logistic regression analysis for outcomes
with COVID-19 infection. AD, Alzheimer’s disease; OR, odds ratio; CI, confidence interval.

leads to a reduced ability to respond to new antigens
and hinders the fight against infections [42].

In terms of the susceptibility of AD patients to
COVID-19 infection, discrepancies with previous
studies may be due to differences in study designs,
limited time periods, and ethnic backgrounds. In
particular, our study included patients diagnosed
with AD who had received anti-dementia medica-
tions based on the health claims database. Therefore,
patients with AD who did not receive medication
could have been omitted in our study. The clini-
cal heterogeneity of AD could not be taken into
account when analyzing the data due to the lack
of information in the health claims database [43,
44]. Moreover, detailed information about the sever-

ity of AD could not be obtained since our dataset
did not cover cognitive function assessment, such
as the Mini-Mental State Examination and the Mon-
treal Cognitive Assessment, or the Clinical Dementia
Rating Scale. Further analysis by stratification of
dementia severity is needed to draw firm conclu-
sions about the susceptibility of dementia patients to
COVID-19 infection. Alternatively, the presence of
early stages of AD, which is not severe enough to
require care in nursing facilities, can affect lifestyles
and reduce exposure to infectious pathogens by way
of reduction in the times these patients go outside
their homes. In this context, a recent nationwide
cohort study demonstrated that the presence of mental
illness is not inherently associated with increased sus-
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ceptibility to COVID-19 infection, but it is associated
with worse clinical pathophysiology [20].

The main result of this study on the prognosis
of AD patients infected with COVID-19 is in line
with previous literature [29, 30, 45, 46], showing
that AD is associated with increased mortality after
COVID-19 infection. As discussed above, AD shares
risk factors and the pathophysiology of poor clini-
cal outcomes associated with COVID-19 infection.
Moreover, AD can lead to social isolation, which sub-
sequently makes it difficult for AD patients to access
the health care system, and as a vicious cycle, social
isolation can worsen a patient’s underlying dementia
[20, 47]. Interestingly, we found that AD was asso-
ciated with a higher risk for mechanical ventilation
and intensive care unit admission in the unmatched
cohort, but not in propensity score-matched cohort
controlling for major known comorbidities. These
findings suggest that medical comorbidities other
than dementia (e.g., cardiovascular disease, diabetes
mellitus, chronic kidney disease, and respiratory dis-
ease), which were more prevalent in AD patients
than non-AD populations in the unmatched cohort,
may make a greater contribution to worsening of the
health status of patients or impact the COVID-19
severity when they become infected with COVID-
19 [48, 49]. In particular, patients with AD were less
likely to receive mechanical ventilation in the propen-
sity score-matched cohort. This may be because
patients with AD would not want active interven-
tions such as mechanical ventilation. Nevertheless,
AD was consistently an independent risk factor for
increased mortality after COVID-19 infection in both
unmatched and matched cohorts, indicating that close
monitoring and active intervention are necessary for
dementia patients with COVID-19 infection.

Our study had some limitations. First, the causal
relationship could not be proven since our study had a
retrospective cohort study design. Second, it was dif-
ficult to generalize our results to the overall ethnicity
since our dataset consisted only of the general Korean
population. Third, this study was conducted at the
early stages of the COVID-19 pandemic, and future
studies would be needed to investigate the impact of
recently emerged variants such as the Delta variant
(B.1.617.2) and the Omicron variant (B.1.1.529) on
patients with dementia.

In conclusion, the results of this study demon-
strated that AD was not associated with increased
susceptibility to COVID-19 infection, but it was asso-
ciated with an increased risk of severe complications
in patients with COVID-19. These findings suggest

that clinicians and caregivers should be aware that
patients with AD have poor clinical outcomes related
to COVID-19 infection and they should be given
priority in terms of treatment to avoid severe compli-
cations. A larger prospective cohort study is needed
to draw a firm conclusion.
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