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Abstract.

Background: Facing the novel coronavirus disease 2019 (COVID-19), most vulnerable individuals are seniors, especially
those with comorbidities. More attention needs to been paid to the COVID-19 patients with Alzheimer’s disease (AD), which
is the top age-related neurodegenerative disease.

Objective: Since it is unclear whether AD patients are prone to COVID-19 infection and progression to severe stages, we
report for the first time a retrospective analysis of the clinical characteristics of AD patients with COVID-19 pneumonia.
Methods: We conducted a retrospective cohort study of the clinical data of 19 AD patients with COVID-19 pneumonia,
compared with 23 non-AD COVID-19 patients admitted at the same time to our hospital. Demographic, clinical, laboratory,
radiological, and treatment data were collected and analyzed.

Results: Between AD patients and non-AD patients with COVID-19 pneumonia, the pneumonia severity was not significantly
different. AD patients had a higher clustering onset than non-AD patients. The median duration from symptom onset to
hospitalization were shorter in AD patients than non-AD patients, indicating the former were sent to the hospital by their
family or from nursing home earlier than the later. The median duration from hospitalization to discharge seemed shorter in
AD patients than non-AD patients. Dementia patients seemed less likely to report fatigue. It is noticed that more AD patients
might have pericardial effusion than the non-AD patients.

Conclusion: AD patients with COVID-19 were in milder conditions with a better prognosis than non-AD patients. AD
patients who had adequate access to healthcare showed resilience to COVID-19 with shorter hospital stays.
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INTRODUCTION

Facing the novel coronavirus disease 2019
(COVID-19), most vulnerable individuals are those
with comorbidities especially in elderly population.
About 15% of confirmed cases progress to the severe
COVID-19 pneumonia with Acute Respiratory Dis-
tress Syndrome (ARDS). The highest fatality rate of
COVID-19 pneumonia was reported for older adults
and individuals with weakened immune systems [1].
Since Alzheimer’s disease (AD) is a well-known
degenerative disease usually affecting the elderly
population [2], it is unclear whether AD patients are
prone to be infected with COVID-19 and develop to
severe stages. In general, mortality from pneumonia
has been reported to be twice as high in individuals
with dementia compared to those without dementia
[3]. Previous studies on COVID-19 mainly focused
on epidemiological, clinical, and radiological fea-
tures of the patients with confirmed infection [4,
5]. Here we report for the first time a retrospective
analysis of the clinical data of 19 AD patients (diag-
nosed according to the 2011 National Institute on
Aging (NIA) - Alzheimer’s Association (AA) diag-
nostic guidelines [6]) with COVID-19 pneumonia,
compared with non-AD patients in our hospital.

METHODS
Farticipants

This is a retrospective cohort study of two groups,
19 consecutive AD patients and 23 age-matched
non-AD patients with novel coronavirus pneumo-
nia admitted from January 23, 2020 to March 19,
2020 at Wuhan Red Cross Hospital (WRCH) in
Wuhan, China. 19 patients had a clinical diagno-
sis of probable AD according to NIA-AA diagnostic
guidelines. Inclusion criteria included a Mini-Mental
State Examination (MMSE) score >19, age between
65-100 years, and willingness to participate in the
study. Exclusion criteria were other neurological dis-
eases causing cognitive decline (including severe
cerebrovascular disease judged from cranial com-
puted tomography or magnetic resonance imaging)
and severe psychiatric diseases such as schizophre-
nia and major depression. All patients were diagnosed
with COVID-19 according to the World Health
Organization interim guidance, with positive reverse-
transcription polymerase chain reaction (RT-PCR)
for SARS-CoV-2 (Supplementary Material 1).

Data collection

Epidemiological, demographic, clinical, labora-
tory, computed tomography (CT) imaging features,
and treatment data were collected and analyzed. All
data were checked for accuracy by two trained physi-
cians (J.L. and N.X.). Patients were asked about
basic information, medical history, exposure history,
symptoms, and comorbidities. As a part of standard
care, complete blood cell count, tests of kidney and
liver function, and measurement of C-reactive protein
and lactate dehydrogenase levels were performed.
All patients received supportive therapy, includ-
ing supplemental oxygen when saturations dropped
below 92% as measured by pulse oximeter. Patients
clinically suspected of having community-acquired
pneumonia were administered with antibiotics empir-
ically. Additionally, we use CT scores to evaluate the
degree of involvement for five lung lobes. An overall
lung “total severity score” was reached by sum-
ming the five lobe scores (range of possible scores,
0-25) (Supplementary Material 2) [7]. The study was
approved by the WRCH Ethics Committee of the
Wuhan Red Cross Hospital and written informed con-
sent obtained from each subject before enrolment,
followed by retrospective data collection.

Statistical analysis

Categorical variables were described as frequency
rates and percentages, and continuous variables,
using a median, minimum or maximum grade. SPSS
(Statistical Package for the Social Sciences, ver-
sion 25) was used for all statistical analyses, with
p<0.05 considered as statistically significant. Con-
tinuous variables were expressed as median (range)
and compared between independent groups by two-
tailed Student’s ¢ tests; categorical variables were
expressed as number (%) and compared by x tests or
Fisher’s exact tests; Bonferroni correction was used
for multiple testing.

RESULTS

All patients had positive RT-PCR test results for
SARS-CoV-2. There was no statistically significant
difference in age between the two COVID-19 groups,
AD versus non-AD, although the females in the AD
group were on average older than those in the non-
AD group. In the AD group, 68.4% were females and
the age range was 69 to 100 years of age. The AD
patients had a higher clustering onset than the non-



J. Li et al. / Alzheimer’s Disease and COVID-19 69

Table 1
Baseline characteristics and laboratory results of 19 AD patients and 23 non-AD patients with COVID-19
Characteristic AD cases (n=19) non-AD cases (n=23) P
Sex Male Female Male Female
Age (y)
60-69 1 (5%) 0 (0%) 0 (0%) 2 (9%) 0.1600
70-79 0 (0%) 1 (5%) 4 (17%) 2 (5%)
80-89 3 (16%) 9 (47%) 4 (17%) 4 (17%)
90-100 2 (11%) 3 (16%) 6 (26%) 1 (4%)
Clustering onset 16 (84%) 5(22%) 0.0001*
Chronic medical illness
Cardiovascular diseases (%) 11 (58%) 12 (52%) 0.7110
Endocrine system disease (%) 7 (37%) 8 (35%) 0.8900
Respiratory system disease (%) 3 (16%) 3 (13%) 0.8000
Signs and symptoms at admission
Fever (%) 6 (32%) 12 (63%) 0.1790
Cough (%) 7 (37%) 15 (65%) 0.0690
Shortness of breath (%) 4 (21%) 9 (39%) 0.2070
Fatigue (%) 4 (21%) 13 (57%) 0.0198*
Myalgia (%) 0 (0%) 4 (17%) 0.0560
Chest pain (%) 1 (5%) 2 (9%) 0.6670
Abdominal discomfort (%) 0 (0%) 2 (9%) 0.1880
Nausea and vomiting (%) 0 (0%) 3 (13%) 0.1020
Anorexia (%) 1 (5%) 14 (61%) 0.0002*
Dizziness (%) 2 (11%) 10 (43%) 0.0186*
More than one sign or symptom (%) 10 (53%) 19 (83%) 0.0365*
Laboratory findings at admission
Alanine aminotransferase (U/L) 9.9 (4.9-45.2) 21.8 (0.7-56.5) 0.0095*
Aspartate aminotransferase (U/L) 19.3 (9.3-57.9) 31.1(12.9-68.1) 0.0254*
Glucose (mmol/L) 5.37 (4.5-7.52) 7.16 (4.78-16.27) 0.0285*
Uric acid (pmol/L) 267.35 (145.6-669.8) 222.25 (134.4-408.1) 0.0309*
C-reactive protein (mg/L) 8.3 (1-94.8) 45 (2.3-185.29) 0.0135*
Comorbid conditions
ARDS (%) 2 (11%) 1 (4%) 0.4390
Acute respiratory injury (%) 1 (5%) 1 (4%) 0.8900
Acute heart injury (%) 1 (5%) 0 (0%) 0.2650
Treatment
Oxygen therapy (%) 17 (89%) 18 (78%) 0.3320
Invasive mechanical ventilation (%) 2 (11%) 4 (17%) 0.5270
Antibiotic treatment (%) 12 (63%) 19(83%) 0.1540
Antiviral treatment (%) 15 (79%) 17(74%) 0.7030
Glucocorticoids (%) 8 (42%) 7(30%) 0.4320
Intravenous immunoglobulin therapy (%) 0 (0%) 8(35%) 0.005*
Clinical outcome
Duration from symptom onset to hospitalization (days) 2 (1-15) 8 (1-20) 0.0013*
Hospitalization duration (days) 9 (1-30) 23 (4-38) 0.0020*
Discharged (%) 17 (89%) 20 (87%) 0.8020
Died (%) 2 (11%) 3 (13%)

AD, Alzheimer’s disease; ARDS, Acute Respiratory Distress Syndrome. Data are median, (range) or N (%). *statistic difference by nominal
p<0.05, comparing AD patients and non-AD patients were from y? tests or Fisher’s exact tests. Bold, statistically significant after Bonferroni

correction.

AD patients (84% versus 22%; p <0.0001). Besides
dementia, some of them had comorbidities such as
cardiovascular diseases (58%) and endocrine system
disease (37%). The median duration from onset of
symptoms to hospitalization was much shorter in the
AD patients than the non-AD patients (2 versus 8

days; p=0.0013). Among the 19 AD patients, there
were fever, cough, and shortness of breath, similar to
those in the non-AD patients [4, 5]. Fatigue was less
likely to be a complaint by the AD patients (21% ver-
sus 57%; p=0.0198), probably because these patients
reported this symptom in a delayed manner. Only one
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Fig. 1. Head and Chest CT images of an AD patient. A) Head CT image showed cerebral atrophy. B) Axis scan chest CT image showed
bilateral patchy ground-glass opacities (orange arrows). C) Corona scan chest CT image showed bilateral multifocal ground-glass opacities
(green arrows). D) Three-dimensional reconstruction image showed the lesions (yellow arrows).

AD patient (5%) had anorexia, compared to more than
a half of non-AD patients (61%) experiencing this
symptom (p =0.0002). AD patients had less dizziness
as well (p=0.0186).

The time from hospitalization to discharge of the
AD patients ranged from 1 to 30 days, with a median
of 9 days, which was much shorter than the duration
for the non-AD group whose median was 23 days
(range, 4-38; p=0.0020). Similar treatments (i.e.,
oxygen therapy, non-invasive and invasive mechan-
ical ventilation, antiviral and antibiotics treatment)
were provided for all patients in both groups. None
of the AD patients were treated with intravenous
immunoglobulin therapy, compared with 35% non-
AD patients with this treatment (p =0.0050). There
was no significant difference in the outcome of sur-
vival and death between these two groups.

COVID-19 related index levels like ALT, AST,
and glucose were on average all lower in the AD
group than the non-AD group (ALT, p =0.0095; AST,
p=0.0254; glucose, p=0.0285). The median CRP
level was lower in the AD patients than the non-AD
patients (8.3 versus 45; p=0.0135). Considering the
fact that increased levels of these indexes were typical
of COVID-19 [4, 8, 9], these laboratory results sug-
gested that the acute inflammatory response seemed
weaker in the AD than the non-AD patients. Addi-
tionally, uric acid levels were significantly increased
in AD patients (p =0.0309) (Table 1).

Chest CT scans revealed consistent differences
between the two groups. Inevitably, both groups
showed ground-glass opacification, which was char-
acteristic of COVID-19, as shown by CT images of
a representative AD patient in Fig. 1. Fewer AD
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Table 2
Imaging findings of two groups with COVID-19
NO (%) AD cases non-AD cases p
(n=19) (n=23)
Distribution
Periphery distribution 2 (11%) 5 (22%) 0.3320
Bilateral involvement 17 (89%) 18 (78%)
Number of lobes involved
1 0 (0%) 1 (4%) 0.5970
2 4 (21%) 4 (17%)
3 0 (0%) 1 (4%)
4 6 (32%) 4 (17%)
5 9 (47%) 13 (57%)
Lobe of lesion distribution
Left upper lobe 15 (79%) 16 (70%) 0.9360
Left lower lobe 19 (100%) 19 (83%)
Right upper lobe 15 (79%) 20 (87%)
Right middle lobe 11 (58%) 16 (70%)
Right lower lobe 17 (89%) 22 (96%)
Patterns of the lesion
Ground glass opacification 19 (100%) 19 (83%) 0.0560
Consolidation 6 (32%) 13 (57%) 0.1060
Mixed ground glass opacity and consolidation 4 (21%) 15 (65%) 0.0004*
Crazy paving pattern 2 (11%) 10 (43%) 0.0186*
Linear opacities combined 11 (58%) 18 (78%) 0.1550
Interlobular septal thickening 13 (68%) 19 (83%) 0.2830
Air bronchogram sign 1 (5%) 4 (17%) 0.2270
Other findings
Adjacent pleura thickening 14 (74%) 22 (96%) 0.0429
Bronchitis 12 (63%) 14 (61%) 0.8790
Pulmonary emphysema 8 (42%) 10 (43%) 0.9290
Pleural effusion 8 (42%) 11 (48%) 0.7110
Pericardial effusion 6 (32%) 1 (4%) 0.0184*
Lymphadenopathy 8 (42%) 12 (52%) 0.5160
Total CT Score (median, range) 5 (2-20) 9 (1-25) 0.0280*

Data are N (%) or median (range). *statistic difference by nominal p <0.05, comparing AD patients
and non-AD patients were from y? tests or Fisher’s exact tests. Bold, statistically significant after

Bonferroni correction.

patients (21%) showed mixed pattern of ground-glass
opacity and consolidation, compared with 65% of
the non-AD patients with this image feature, but
there is no statistic difference. Crazy paving pat-
tern was shown in only 2 AD patients, compared
with 10 non-AD patients (p =0.0186). It is noticed
that more AD patients had pericardial effusion than
the non-AD patients (32% versus 4%; p=0.0184)
(Table 2). All these compared indexes indicated that
the AD patients had relatively mild conditions due to
the timely treatment. In other words, the AD group
received early treatment in the hospital so that their
symptoms were milder than the non-AD group.

DISCUSSION

We present for the first time a retrospective cohort
study of clinical features of a group of AD COVID-

19 pneumonia patients and age-matched non-AD
COVID-19 pneumonia patients. Our results demon-
strated that AD and non-AD patients had similar
clinical presentations of COVID-19 pneumonia. AD
patients have remarkably good appetites, which may
interpret the less reported anorexia in our study.
They received similar treatment after hospitalization.
Although AD patients were sent to the hospital earlier
from onset of symptoms, there was no significant dif-
ference in the outcome of survival and death between
these two groups. However, AD patients had a con-
spicuously shorter median duration of hospital stay.
The majority of our AD patients lived in nursing
homes so they had adequate and prioritized access to
healthcare, leading to earlier diagnosis and treatment
for shorter hospital stays [10, 11].

Dementia-related characteristics may increase the
risks of COVID-19 pneumonia. For example, people
with AD may forget to wash hands or maintain social
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distancing, in addition to taking other precautions
to prevent COVID-19 [12]. In addition, a previous
report mentioned that older patients with dementia
and COVID-19 infection may present with mild and
atypical symptoms, namely diarrhea or drowsiness
[11]. With timely access to healthcare, the outcome
of AD patients with COVID-19 was not significantly
different from that of non-AD patients. On the other
hand, AD patients achieved a similar recovery rate
with significant shorter hospital stays, compared to
the non-AD patients.

More interestingly, we hypothesize that
angiotensin-converting enzyme 2 (ACE2) is
another likely mechanism for resilience of AD
patients to COVID-19. Previous research has shown
that the SARS-CoV-2 uses its spike protein S1 to
enter cells by interacting with ACE2 receptor on cell
surface membrane [13]. Consistently, it has been
reported that ACE2 expression is reduced in AD
patients [14]. Animal models have confirmed the
reduced ACE2 expression in AD [15, 16]. Currently,
investigations are ongoing to study activation of
ACE2 versus cognition decline [17]. Based on our
results of a retrospective cohort study, we postulate
that the shorter hospitalization may be related
to reduced expression of ACE2 receptor in AD
COVID-19 patients.

Similar outcomes between AD and non-AD group
patients may be due to timely treatment, professional
caring of nursing home, and the ACE2 factor men-
tioned above. We are also interested in whether the
E4 variant of apolipoprotein E (APOE4), the main
susceptibility gene for AD [18], is involved in the
protective effect and the better prognosis of our AD
group patients with COVID-19. Presence of APOE4
allele has always been recognized as a risk factor for
AD. But a recent study reported the AD patients who
carried APOE4 had less chronic diseases [19]. We
are going to conduct a related exploration in the near
future.

This study provides an early investigation of AD
patients with COVID-19 pneumonia. But there were
also some limitations in this study. Firstly, the sam-
ple size of our study was small. Secondly, our AD
group mostly came from nursing homes, with higher
exposure to infection but better care, which may
explain the shorter hospital duration on average and
the better conditions. Longitudinal studies with larger
cohorts at different social settings would help to better
understand how to manage vulnerable AD patients,
especially those in nursing homes, with COVID-19
pneumonia.
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