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1 | BACKGROUND

Mingfei Li%3

| Lewis E.Kazis®*>¢ | Weiming Xia'’

Abstract

Introduction: Alzheimer’s disease (AD) and COVID-19 share common risk fac-
tors including hypertension. Angiotensin converting enzyme inhibitors (ACEI) and
angiotensin |l receptor blockers (ARB) are frequently prescribed antihypertension
medications.

Methods: This study analyzed 436,823 veterans tested for SARS-CoV-2 infection. We
conducted both classical and propensity score weighted logistic models to compare
COVID-19 outcomes between patients with AD or mild cognitive impairment (MCI)
to those without cognitive impairment, and examined effect of ACEI/ARB prescription.
Results: There was a statistically significant association between AD and increased
odds of infection and mortality. MCl was not found to be a risk factor for infection. Sub-
jects with MCI exhibited poor clinical outcomes. Prescribing ARBs but not ACEls was
significantly associated with a lower risk of COVID-19 occurrence among AD and MCI
patients.

Discussion: Exploring beneficial effects of existing medications to reduce the impact of
COVID-19 on patients with AD or MCl is highly significant.

KEYWORDS
Alzheimer’s disease, angiotensin converting enzyme inhibitors, angiotensin Il receptor blockers,
COVID-19, mild cognitive impairment, severe acute respiratory syndrome coronavirus 2

Highlights

» There s significant association between Alzheimer’s disease (AD) and increased risk
of COVID-19 infection and odds of mortality.

* Subjects with mild cognitive impairment (MCI) defined by claims data exhibit poor
clinical outcomes, but MCl was not found to be a risk factor for severe acute respira-
tory syndrome coronavirus 2 infection.

* Prescribing angiotensin Il receptor blockers was significantly associated with a
lower risk of COVID-19 occurrence among AD/MCI patients.

direct SARS-CoV-2 viral infection in the brain;2 SARS-CoV-2 has been

postulated as a virus with high neuroinvasive potential and may pen-

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
virus responsible for the original COVID-19 pandemic, causes a wide
spectrum of symptoms with central nervous system (CNS) complica-

tions involving confusion and delirium.? A few cases have revealed

etrate the blood brain barrier (BBB).3 In addition, growing evidence
suggests a bidirectional relationship between CNS pathology and
COVID-19.* Previous reports indicate that COVID-19 patients had

>50% probability to have memory issues at 7 months after infection.>®
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Comparing 26 COVID-19-positive Alzheimer’s disease (AD) patients
to 58 COVID-19-negative AD patients in the UK Biobank database
reveals that pre-existing diagnosis of AD predicts higher risk of COVID-
19 and mortality among elderly individuals.” Thus, it is critical to
explore any association between COVID-19 and AD as well as mild cog-
nitive impairment (MCI).

AD is a degenerative disease characterized by neuritic plaques
and neurofibrillary tangles in the brain, accompanied by chronic brain
inflammation and a compromised BBB,? which potentially predisposes
AD patients to SARS-CoV-2 infection and severe CNS complications.
The fact that COVID-19 and AD have a series of common risk fac-
tors like age, hypertension, diabetes, cardiovascular disease,”19 and
the presence of the apolipoprotein E (APOE) ¢4 allele, 112
patients with AD to more likely infection by the SARS-CoV-2 virus. 1113
Recent studies showed an increase of SARS-CoV-2 infection in APOE

predisposes

gd-expressing neurons and astrocytes in vitro.1113 For severity, it
has been postulated that the increased viral load and cytokine storm
observed in COVID-19 patients elevate the levels of proinflammatory
cytokines/chemokines in the brain and increase mortality.!* Currently
there is no report on occurrence of COVID-19 among patients with
MCI.

SARS-CoV-2 invades host cells via the angiotensin-converting
enzyme 2 (ACE2) receptor, which is expressed in various human organs.
The expression of ACE2 was found in neurons and non-neuron cells
(mainly astrocytes and oligodendrocytes) of the human brain.’> Anal-
ysis of post mortem tissue showed that ACE2 expression is upregulated
in the brain of AD patients compared to those from cognitively normal
controls.2® It is not clear whether patients with AD are more suscepti-
ble to COVID-19 infection due to an increase in ACE2 expression.

Electronic health records (EHR) of 61.9 million subjects were ana-
lyzed to examine the associations between COVID-19 and different
types of dementia.l” Patients with dementia were at increased risk
for COVID-19 infection, where AD demonstrated a strong association
with an unadjusted odds ratio (OR) of 1.86.17 In this study, we investi-
gated the association of AD with the risk of COVID-19 infection with
covariate adjustments for comorbidities and other sociodemographic
factors. Previously, we and others reported the beneficial effects of
long-term use of antihypertension medications on the time to occur-
rence of a diagnosis of AD, including angiotensin Il receptor blockers
(ARBs) and angiotensin converting enzyme inhibitors (ACEls) in a num-
ber of epidemiological studies.'8-23 We further explore in this paper
the associations of ARB and ACEI that are prescribed on the occur-
rence of COVID-19 among patients with AD or MCI.

2 | METHODS

2.1 | Study population

This retrospective case-control study included 436,823 adult patients
(> 50 years old and < 90 years old) tested for SARS-CoV-2 nucleic acid
real-time polymerase chain reaction (RT-PCR) test between February
28,2020, and Nov 19, 2020 in the Department of Veterans Affairs (VA)

RESEARCH IN CONTEXT

1. Systematic Review: The authors extracted and analyzed
436,823 adult patients (> 50 and < 90 years of age)
tested for severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infection between February 28,
2020, and November 19, 2020 in the Department of Vet-
erans Affairs (VA) national health-care system. Similar
studies describing the association between Alzheimer’s
disease (AD) and COVID-19 in different cohorts are dis-
cussed and cited.

2. Interpretation: Our results do not justify any potential
changes in clinical practice. The association between AD
and COVID-19 is consistent with the observation of high
prevalence of symptoms with central nervous system
(CNS) complications among COVID-19 patients, implicat-
ing neuropathological changes linked to viral infection.

3. Future Directions: The article proposes new directions
for additional studies related to COVID-19 and AD: first,
investigating molecular pathways involved in SARS-CoV-
2-infection-triggered CNS responses and related cogni-
tive impairment; second, exploring beneficial effects of
existing medications to reduce the impact of COVID-19
on patients with AD or mild cognitive impairment (MCl);
third, understanding the risk factors associated with AD
and MCI to reduce occurrence and severe clinical out-
comes of COVID-19.

national health-care system, including 5128 patients (1.2%) who were
diagnosed with AD, and 431,695 non-AD subjects (Table 1).

The COVID-19 testing was administrated by VA and non-VA clin-
ics and recorded in VA clinical notes. A total of 40,993 subjects (9.4%)
showed positive COVID-19 test outcomes.

The analyses of the possible association of MCl and COVID-19 out-
comes focused on a subgroup of the entire study population described
above, which excluded the patients with AD. In these analyses, we com-
pared the COVID-19 outcomes between patients with MCI but no
AD diagnosis to those without cognitive impairment. Among 431,695
patients without AD diagnosis, there were 405,365 non-MCl subjects
and 26,330 (7.7%) patients who had been diagnosed with MCI.

We obtained the data through the COVID-19 Shared Data Resource
at the VA Informatics and Computing Infrastructure (VINCI) Resource
Center. We extracted the patients who have been diagnosed with AD
before their COVID-19 test according to their International Classifica-
tion of Disease (ICD)?* ICD-9 or ICD-10 codes between April 1, 2008,
and November 25, 2020. We used ICD-9 code 331.0 and ICD-10 code
G30.x to identify patients with possible AD, and ICD-9 code 331.83 and
ICD-10 code G31.84 for MCl for at least one inpatient visit or two out-
patient visits.2° This study was approved by the Bedford VA Healthcare
System Institutional Review Board, and all data were fully anonymized

before access.
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TABLE 1 Demographics and comorbidities of patients tested for COVID-19 negative or positive infection
Total AD Non-AD MCI Non-MCI
(N =436,823) (N =5128) (N =431,695) (N =26,330) (N =405,365)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age at index date 67.93(8.91) 77.25(7.38) 67.82(8.87) 71.15(8.69) 67.61(8.83)
CCl 2.73(2.53) 3.97(2.52) 2.71(2.53) 3.64(2.76) 2.65(2.5)
N (%) N (%) N (%) N (%) N (%)
Sex Female 33,059 (7.6%) 158 (3.1%) 32,901 (7.6%) 1612 (6.1%) 31,289 (7.7%)
Male 403,764 (92.4%) 4970 (96.9%) 398,794 (92.4%) 24,718 (93.9%) 374,076 (92.3%)
Race White 301,282 (69.0%) 3794 (74.0%) 297,488 (68.9%) 19,015 (72.2%) 278,473 (68.7%)
American Indian or 3,182 (0.7%) 36 (0.7%) 3,146 (0.7%) 193 (0.7%) 2,953 (0.7%)
Alaska Native
Asian 2,976 (0.7%) 19 (0.4%) 2,957 (0.7%) 148 (0.6%) 2,809 (0.7%)
Black 103,541 (23.7%) 992 (19.3%) 102,549 (23.8%) 5542 (21.0%) 97,007 (23.9%)
Native Hawaiian or 3387 (0.8%) 40 (0.8%) 3347 (0.8%) 176 (0.7%) 3171(0.8%)
Other Pacific
Islander
Unknown 22,455 (5.1%) 247 (4.8%) 22,208 (5.1%) 1256 (4.8%) 20,952 (5.2%)
Ethnicity Not Hispanic or 399,294 (91.4%) 4507 (87.9%) 394,787 (91.5%) 24,043 (91.3%) 370,744 (91.5%)
Latino
Hispanic or Latino 28,813 (6.6%) 533(10.4%) 28,280 (6.6%) 1829 (6.9%) 26,451 (6.5%)
Unknown 8716 (2.0%) 88 (1.7%) 8,628 (2.0%) 458 (1.7%) 8170 (2.0%)
Nursing home stay Yes 14,462 (3.3%) 1126 (22.0%) 13,336 (3.1%) 2174 (8.3%) 11,162 (2.8%)
No 422,361 (96.7%) 4002 (78.0%) 418,359 (96.9%) 24,156 (91.7%) 394,203 (97.2%)
Diabetes Yes 190,667 (43.6%) 2455 (47.9%) 188,212 (43.6%) 13,240 (50.3%) 174,972 (43.2%)
No 246,156 (56.4%) 2673(52.1%) 243,483 (56.4%) 13,090 (49.7%) 230,393 (56.8%)
Pulmonary disease Yes 192,014 (44.0%) 2205 (43.0%) 189,809 (44.0%) 13,131 (49.9%) 176,678 (43.6%)
No 244,809 (56.0%) 2923 (57.0%) 241,886 (56.0%) 13,199 (50.1%) 228,687 (56.4%)
Hypertension Yes 332,750 (76.2%) 4107 (80.1%) 328,643 (76.1%) 21,315 (81.0%) 307,328 (75.8%)
No 104,073 (23.8%) 1021 (19.9%) 103,052 (23.9%) 5015 (19.0%) 98,037 (24.2%)
Heart failure Yes 67,798 (15.5%) 1083 (21.1%) 66,715 (15.5%) 5783 (22.0%) 60,932 (15.0%)
No 369,025 (84.5%) 4045 (78.9%) 364,980 (84.5%) 20,547 (78.0%) 344,433 (85.0%)
Kidney disease Yes 121,425 (27.8%) 1814 (35.4%) 119,611 (27.7%) 9285 (35.3%) 110,326 (27.2%)
No 315,398 (72.2%) 3314 (64.6%) 312,084 (72.3%) 17,045 (64.7%) 295,039 (72.8%)
CAHD 2yrs Yes 128,749 (29.5%) 1947 (38.0%) 126,802 (29.4%) 9947 (37.8%) 116,855 (28.8%)
No 308,074 (70.5%) 3181 (62%) 304,893 (70.6%) 163,83 (62.2%) 288,510 (71.2%)
Chronic liver disease Yes 19,927 (4.6%) 187 (3.6%) 19,740 (4.6%) 1422 (5.4%) 18,318 (4.5%)
No 416,896 (95.4%) 4941 (96.4%) 411,955 (95.4%) 24,908 (94.6%) 387,047 (95.5%)
Hyperlipidemia Yes 310,268 (71.0%) 3761(73.3%) 306,507 (71.0%) 19,735 (75.0%) 286,772 (70.7%)
No 126,555 (29%) 1367 (26.7%) 125,188 (29%) 6,595 (25%) 118,593 (29.3%)
HIV Yes 5370 (1.2%) 19 (0.4%) 5351(1.2%) 330(1.3%) 5,021 (1.2%)
No 431,453 (98.8%) 5109 (99.6%) 426,344 (98.8%) 26,000 (98.7%) 400,344 (98.8%)
Cancer Yes 145,636 (33.3%) 1520 (29.6%) 144,116 (33.4%) 9394 (35.7%) 134,722 (33.2%)
No 291,187 (66.7%) 3608 (70.4%) 287,579 (66.6%) 16,936 (64.3%) 270,643 (66.8%)
Smoke Never smoker 137,060 (31.4%) 1662 (32.4%) 135,398 (31.4%) 8019 (30.5%) 127,379 (31.4%)
Current smoker 86,261 (19.7%) 542 (10.6%) 85,719 (19.9%) 4377 (16.6%) 81,342 (20.1%)
Former smoker 200,419 (45.9%) 2463 (48.0%) 197,956 (45.9%) 12,940 (49.1%) 185,016 (45.6%)
Unknown 13,083 (3.0%) 461 (9.0%) 12,622 (2.9%) 994 (3.8%) 116,28 (2.9%)

(Continues)
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TABLE 1 (Continued)
N (%) N (%) N (%) N (%) N (%)
Stroke Yes 38,692 (8.9%) 1022 (19.9%) 37,670 (8.7%) 5108 (19.4%) 32,562 (8.0%)
No 398,131 (91.1%) 4106 (80.1%) 394,025 (91.3%) 21,222 (80.6%) 372,803 (92.0%)
Alcohol dependency Yes 54,314 (12.4%) 482 (9.4%) 53,832 (12.5%) 3822 (14.5%) 50,010 (12.3%)
No 382,509 (87.6%) 4646 (90.6%) 377,863 (87.5%) 22,508 (85.5%) 355,355 (87.7%)
Drug dependency Yes 30,290 (6.9%) 183 (3.6%) 30,107 (7.0%) 2236 (8.5%) 27,871 (6.9%)
No 406,533 (93.1%) 4945 (96.4%) 401,588 (93.0%) 24,094 (91.5%) 377,494 (93.1%)
BMI Normal 106,726 (24.4%) 2313 (45.1%) 104,413 (24.2%) 7757 (29.5%) 96,656 (23.8%)
Overweight 109,233 (25.0%) 1387 (27.0%) 107,846 (25.0%) 6766 (25.7%) 101,080 (24.9%)
Obese 110,755 (25.4%) 895 (17.5%) 109,860 (25.4%) 6333 (24.1%) 103,527 (25.5%)
Extremely obese 110,109 (25.2%) 533(10.4%) 109,576 (25.4%) 5474 (20.8%) 104,102 (25.7%)

Abbreviations: AD, Alzheimer’s disease; BMI, body mass index; CAHD, coronary atherosclerotic heart disease; CCl, Charlson Comorbidity Index; HIV, human
immunodeficiency virus; MCI, mild cognitive impairment; SD, standard deviation.

2.2 | Medications

We used the first COVID-19 test date as the index date. This date
was approximated by the date of the hospital admission that is closest
(within 15 days) to the first test date if the patients’ first test date
was not available. The medication prescribed before the index date
was extracted from the database. The patients who used ACEI but
did not use ARB were labeled as the ACEI only group. Similarly,
those who were prescribed ARB but not ACEI were defined as the
ARB only group. The patients who did not receive any ACEIl or ARB
prescriptions before the index date were considered the comparator
group. This group included patients who used other antihypertension
medications such as beta blockers, and patients who were not pre-
scribed any antihypertension medications. We do not have access to
blood pressure levels of our subjects. All patients who were recorded
as prescribed both ACElI and ARB concomitantly were excluded,
reducing the total 5128 AD patients (Table 1) to 5010 AD patients
(Table 2).

2.3 | Outcomes

The primary dependent variable for this study was COVID-19 infec-
tion, which was defined by a positive nucleic acid RT-PCR test recorded
in the database. An index date was created if a patient received a
COVID-19 nucleic acid RT-PCR test.

The second dependent variable of the study was a nominal response
composed of four categories: (1) alive and not hospitalized; (2) alive,
hospitalized but not admitted to the intensive care unit (ICU) and
not requiring mechanical ventilation; (3) alive and admitted to ICU or
requiring mechanical ventilation; (4) mortality. Hospitalization, use of
ICU or ventilator, and mortality were evaluated within 60 days of the
index date. All four categories are mutually exclusive. If a patient had
been admitted to the ICU, then died within 60 days of the index date,
this patient was categorized as a mortality event.

2.4 | Covariate adjustments

Sociodemographic characteristics and clinical characteristics of the
patient were listed including the Charlson Comorbidity Index (CCl;
Table 1). Body mass index (BMI) distribution within our cohort (Figure
S1 in supporting information) was divided into four categories: nor-
mal, overweight, obese, and extremely obese (Table 1). The relevant
comorbidities and risk factors were defined based on ICD-10 codes
from the 2-year period preceding the index date. The BMI and the
CCl were measured or created at the index date. The status of nursing
home stay was collected to limit the influence of a known confounder,
that is, patients with AD are less likely to continue practicing good
personal hygiene and common prevention routines, such as wearing a
facial mask, washing hands regularly, and maintaining social distancing

protocols.

2.5 | Statistical analysis

Descriptive statistics were used to summarize the demographic and
clinical characteristics of the patients. Continuous variables were
described in terms of means and standard deviations (SDs), and cate-
gorical variables were summarized as counts and percentages.

Due to the potential imbalance between AD versus non-AD groups
and MCI versus non-MCI group on baseline covariates, we used
propensity score weighting (PSW). This technique is commonly used
in non-experimental studies to account for selection assignment dif-
ferences between exposure and comparison groups.?> The propensity
score weights were estimated using demographic characteristics of the
patients and their status of nursing home stay. We used the gradient
boosting method (GBM) to compute a propensity score (PS) for each
patient.

Multivariate logistic regressions with and without PSW were
used to analyze the association between AD/MCI and COVID-19
infection, and the association of the ACEI/ARB prescriptions with
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TABLE 2 Characteristics of ACEI/ARB use in AD patients tested for COVID-19 infection

CcCl
Age at index date
BMI

Sex

Race

Ethnicity

Nursing home stay

Diabetes

Hypertension

Pulmonary disease

Heart failure

Kidney disease

CAHD

Chronic liver

disease

Hyperlipidemia

Cancer

Normal
Overweight
Obese

Extremely obese

Female
Male
White

American Indian or
Alaska Native

Asian

Black or African
American

Native Hawaiian or
Other Pacific
Islander

Unknown

Not Hispanic or
Latino

Hispanic or Latino
Unknown

Yes

Yes

Yes

Total

(N =5010)
(excluding
ACEI+ARB)

Mean (SD)
3.92(2.5)
77.26 (7.4)
22.12(2.42)
27.13(1.08)
31.06(1.23)
37.44 (4.5)

N (%)
156 (3.1%)
4854 (96.9%)
3710 (74.1%)

34 (0.7%)

19 (0.4%)
968 (19.3%)

40 (0.8%)

239 (4.8%)
4411 (88%)

513(10.2%)
86 (1.7%)

1096 (21.9%)
3914 (78.1%)
2374 (47.4%)
2636 (52.6%)
3993(79.7%)
1017 (20.3%)
2139 (42.7%)
2871(57.3%)
1750 (34.9%)
3260 (65.1%)
1873 (37.4%)
3137 (62.6%)

181 (3.6%)
4829 (96.4%)
3665 (73.2%)
1345 (26.8%)
1018 (20.3%)
3992 (79.7%)
1472 (29.4%)
3538 (70.6%)

No ACEINo ARB
(N =2564)

Mean (SD)
3.4(2.32)
77.42(7.61)
21.97(2.43)
27.12(1.05)
30.97(1.18)
37.23(5.16)
N (%)
79 (3.1%)
2485 (96.9%)
1922 (75%)
17 (0.7%)

11(0.4%)
474 (18.5%)

17 (0.7%)

123 (4.8%)
2277 (88.8%)

237(9.2%)
50 (2%)
576(22.5%)
1988 (77.5%)
894 (34.9%)
1670 (65.1%)
1693 (66.0%)
871 (34%)
1051 (41%)
1513 (59%)
707 (27.6%)
1857 (72.4%)
788 (30.7%)
1776 (69.3%)
82 (3.2%)
2482 (96.8%)
1706 (66.5%)
858 (33.5%)
362 (14.1%)
2202 (85.9%)
745 (29.1%)
1819 (70.9%)

ACEl only
(N=1761)

Mean (SD)
4.38(2.54)
76.94 (7.28)
22.23(2.42)
27.15(1.12)
31.13(1.29)
37.66(4.18)
N (%)
49(2.8%)
1712(97.2%)
1300 (73.8%)
13(0.7%)

5(0.3%)
345 (19.6%)

14 (0.8%)

84 (4.8%)
1533(87.1%)

201 (11.4%)
27 (1.5%)
397 (22.5%)
1364 (77.5%)
1047 (59.5%)
714 (40.5%)
1640 (93.1%)
121 (6.9%)
763 (43.3%)
998 (56.7%)
763 (43.3%)
998 (56.7%)
761(43.2%)
1000 (56.8%)
75 (4.3%)
1686 (95.7%)
1410 (80.1%)
351(19.9%)
454 (25.8%)
1307 (74.2%)
510 (29.0%)
1251(71.0%)
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ARB only
(N = 685)

Mean (SD)
4.71(2.59)

77.49 (6.83)

22.56(2.31)

27.13(1.06)

31.14(1.24)

37.37(3.83)

N (%)

28 (4.1%)
657 (95.9%)
488 (71.2%)

4(0.6%)

3(0.4%)
149 (21.8%)

9(1.3%)

32(4.7%)
601 (87.7%)

75 (10.9%)
9(1.3%)
123 (18.0%)
562 (82.0%)
433(63.2%)
252 (36.8%)
660 (96.4%)
25 (3.6%)
325 (47.4%)
360 (52.6%)
280 (40.9%)
405 (59.1%)
324 (47.3%)
361(52.7%)
24 (3.5%)
661 (96.5%)
549 (80.1%)
136 (19.9%)
202 (29.5%)
483 (70.5%)
217 (31.7%)
468 (68.3%)

(Continues)
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TABLE 2 (Continued)
N (%) N (%) N (%) N (%)
Smoke Never smoker 1622 (32.4%) 863 (33.7%) 526(29.9%) 233(34%)
Current smoker 529 (10.6%) 255(9.9%) 214 (12.2%) 60 (8.8%)
Former smoker 2405 (48.0%) 1188 (46.3%) 866 (49.2%) 351(51.2%)
Unknown 454 (9.1%) 258 (10.1%) 155(8.8%) 41 (6%)
Stroke Yes 981(19.6%) 406 (15.8%) 417 (23.7%) 158 (23.1%)
No 4029 (80.4%) 2158 (84.2%) 1344 (76.3%) 527 (76.9%)
Alcohol Yes 474 (9.5%) 248 (9.7%) 175(9.9%) 51(7.4%)
dependency No 4536 (90.5%) 2316 (90.3%) 1586 (90.1%) 634 (92.6%)
Drug dependency Yes 180 (3.6%) 88 (3.4%) 68 (3.9%) 24 (3.5%)
No 4830 (96.4%) 2476 (96.6%) 1693(96.1%) 661 (96.5%)

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; AD, Alzheimer’s disease; ARB, angiotensin Il receptor blocker; BMI, body mass index; CAHD,
coronary atherosclerotic heart disease; CCl, Charlson Comorbidity Index; CLC, ; MCI, mild cognitive impairment; SD, standard deviation.

COVID-19 infection. Multivariate nominal logistic regressions with
and without PSW were used to investigate the association between
AD/MCI and COVID-19 severity (hospitalization, use of ICU or ven-
tilator, and mortality), and the association of ACEI/ARB prescrip-
tions with COVID-19 severity among those patients diagnosed with
COVID-19.

All analyses were adjusted for demographic and clinical character-
istics, and the ORs were estimated with 95% confidence intervals (Cl),
for maximum likelihood method iterations (ML). A P-value of less than
.05 is considered significant.

In addition, we applied bootstrap method as the sensitivity anal-
ysis to estimate the Cl of the regression coefficients and examine
the robustness of our major results. We re-estimated the 95% boot-
strapped Cl of ORs from a simulation with 1000 samples. The boot-
strapping procedure confirmed the stability of the results because it
is asymptotically more accurate than the standard Cls obtained from
sample variance and assumptions of normality. To further confirm the
significant association of AD with those diagnosed with COVID-19, we
performed a sensitivity analysis among the subcohort of patients not

living in a nursing home.

3 | RESULTS

3.1 | Demographics, clinical characteristics of the
patients, and their status of nursing home stay

A total of 436,823 adult patients (> 50 years old and < 90 years old)
were tested for COVID-19 during the study period, of whom 40,993
(9.38%) were positive. The majority (92.4%) of the study population
were male, and our study population had a higher proportion of men
than in the general population (Table 1). Racial breakdown was 69.0%
White, 0.7% American Indian or Alaska Native, 0.7% Asian, 23.7%
Black, 0.8% Native Hawaiian or other Pacific Islander, and 5.1% unre-
ported race (Table 1). Higher proportions of male (AD: 96.9% vs. non-
AD: 92.4%), White (AD: 74.0% vs. non-AD: 68.9%), and Hispanic or

Latino (AD: 10.4% vs. non-AD: 6.6%) are reported here among the AD
patient group (Table 1).

The average age at the index of the study population was 67.93 +
8.91 years. The average age at the index date was higher among the AD
patients (77.25 + 7.38 years) than the non-AD patients (67.82 + 8.87
years), and higher among the MCI patients (71.15 + 8.69 years) than
the non-MCl patients (67.61 + 8.83 years; Table 1).

More than half (76.2%) of the entire study population was hyper-
tensive; nearly half (44.0%) had pulmonary disease; and other comor-
bidities were diabetes (43.6%), heart failure (15.5%), kidney disease
(27.8%%), coronary atherosclerosis or other heart diseases (29.5%),
and other diseases (Table 1). AD patients had worse health conditions
with a higher average CCl of 3.97, compared to that of 2.71 among
non-AD patients (Table 1). Likewise, the mean CCl among MCl patients
(3.64) was higher than the mean CCl among non-MCI patients (2.65;
Table 1). Higher rates of diabetes, hypertension, heart failure, and kid-
ney diseases were observed among the AD and MCI patient groups
(Table 1). Twenty-two percent of AD patients were in a nursing home
and 3.1% of non-AD patients were in a nursing home. Among all non-
AD patients, 8.3% of MClI patients were in a nursing home and 2.8% of

non-MCl patients were in a nursing home (Table 1).

3.2 | Profiles of clinical outcomes among
COVID-19-positive AD and MCI patients
prescribed ARB or ACEI

Among the 5010 AD patients, 176 patients had an ACEI prescription
only and 685 patients had an ARB prescription only (Table 2). Among
the 685 patients who were prescribed ARB, long-term care facility
patients made up 18.0%, and among the 1761 patients who were pre-
scribed ACEI, 22.5% patients were in long-term care.

We examined the distribution of our study population based on
their COVID-19 positive/negative test results and their clinical sever-
ity levels (Table 3). We specifically analyzed the profiles of COVID-19-
positive AD (Table 4) and MCI patients (Table 4) prescribed ARB or
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TABLE 3 Distribution of clinical outcomes of COVID-19 patients with or without AD/MCI

Not hospitalized
Hospitalized
Used ICU or ventilator

Mortality

Non- AD MCI Non-MCI
AD (N =639) (N=28,779) (N =1749) (N=27,171)
284 (44.4%) 19,742 (68.6%) 952 (54.4%) 18,912 (69.6%)
119 (18.6%) 3832(13.3%) 320 (18.3%) 3522 (13.0%)
49 (7.7%) 2184 (7.6%) 180 (10.3%) 2012 (7.4%)
187 (29.3%) 3021 (10.5%) 297 (17.0%) 2725 (10.0%)

Abbreviations: AD, Alzheimer’s disease; ICU, intensive care unit; MCI, mild cognitive impairment.

TABLE 4 Distribution of clinical outcomes among COVID-19 positive AD and MCI patients prescribed ARB or ACEI

Not hospitalized
Hospitalized
Used ICU or ventilator

Mortality

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; AD, Alzheimer’s disease; ARB, angiotensin Il receptor blocker; ICU, intensive care unit; MClI,

mild cognitive impairment.

AD MCI

No ACEI/ARB ACEl only ARB only No ACEI/ARB ACEl only ARB only

154 (45.6%) 89 (40.3%) 31(46.3%) 441 (55.5%) 353(55.1%) 135(51.7%)
63(18.6%) 45 (20.4%) 10 (14.9%) 146 (18.4%) 115(17.9%) 44 (16.9%)
22 (6.5%) 22(10.0%) 4(6.0%) 71(8.9%) 74 (11.5%) 28(10.7%)
99 (29.3%) 65 (29.4%) 22 (32.8%) 136 (17.1%) 99 (15.4%) 54(20.7%)

TABLE 5 Association of AD with COVID-19 infection and clinical outcomes

COVID-19 infection
(reference: negative)

COVID-19 clinical outcomes
(reference:
non-hospitalized)

Propensity score weighted logistic

Logistic regression regression

OR 95% Cl P-value OR 95% Cl P-value

1.688 (1.558,1.828) <0.001 1.565 (1.383,1.769) <0.001
Hospitalization 1.428 (1.139,1.791) .002 1.407 (0.998, 1.984) .051
ICU or ventilator 1.051 (0.767,1.441) .757 1.117 (0.704,1.772) .637
Mortality 1.695 (1.383,2.078) <.001 1.653 (1.219,2.242) .001

Abbreviations: AD, Alzheimer’s disease; Cl, confidence interval; ICU, intensive care unit; OR, odds ratio.

ACEI in each severity level. Overall, non-AD COVID-19 patients exhib-
ited less severe clinical outcomes. Lower proportions of AD patients
were not hospitalized (AD: 44.4% vs. non-AD: 68.6%), and higher pro-
portions of AD patients died after COVID-19 infection (AD: 29.3% vs.
non-AD: 10.5%), compared to patients without AD (Table 3). Similarly,
lower proportion of MCI patients were not hospitalized (MCI: 54.4%
vs. non-MCl: 69.6%; Table 3).

3.3 | Association of AD with an increased risk of
COVID-19 infection and death after COVID-19
diagnosis

Patients with AD were associated with higher odds than patients with-
out AD of being diagnosed with COVID-19 (OR = 1.688,95% CI[1.558,
1.828] and OR = 1.565, 95% CI [1.383, 1.769] with PSW; Table 5,

Figure 1). Compared to patients without AD, patients with AD had
a significantly increased risk of death (OR = 1.695, 95% CI [1.383,
2.078] and OR = 1.653, 95% Cl [1.219, 2.242] with PSW; Table 5,
Figure 1). An increased odds of hospitalization associated with AD
patients was observed in multivariable logistic regression analyses
(OR = 1.428, 95% CI [1.139, 1.791], P = .002) and attenuated with
PSW balance (OR = 1.407, 95% CI [0.998, 1.984], P = 0.051; Table 5,
Figure 1). We did not observe a statistically significant association
between AD and the use of ICU or mechanical ventilation (Table 5,
Figure 1).

Sensitivity analyses using bootstrapping for the Cl of the ORs (Table
S1A in supporting information) were comparable to our main find-
ings (Table 5, Figure 1), supporting the robustness of the associations
reported in our analyses. Because AD patients living in nursing homes
could be arisk factor for COVID-19 infection, we extracted AD patients
living outside of nursing homes and observed a similar, statistically
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FIGURE 1 Odds ratios of association of Alzheimer’s disease (AD) with COVID-19 infection and clinical outcomes. Odds with and without
propensity score weighting of COVID-19 infection, hospitalization, use of intensive care unit (ICU) or mechanical ventilation, and mortality were
illustrated in patients with AD compared to patients without AD, after adjusting for age at index date, race, sex, ethnicity, diabetes, pulmonary
disease, kidney disease, coronary atherosclerotic heart disease, chronic liver disease, hyperlipidemia, cancer, smoking status, stroke, heart failure,
alcohol dependency, drug dependency, body mass index, Charlson Comorbidity Index, and status of nursing home stay

TABLE 6 Association of AD with COVID-19 infection among
patients outside of nursing homes

Reference: negative OR 95% Cl P-value
Logistic regression 1.797 (1.643, 1.965) <.001
Propensity score weighted 1.655 (1.431,1.914) <.001

logistic regression

Abbreviations: AD, Alzheimer’s disease; Cl, confidence interval; OR, odds
ratio.

significant positive association (OR = 1.797,95% Cl [1.643, 1.965] and
OR =1.655,95% CI[1.431, 1.914] with PSW; Table 6).

3.4 | Association of MCI with an increased

risk of COVID-19 hospitalization, use of ICU or
mechanical ventilators, and death after COVID-19
diagnosis

When we examined the patients with MCI, we did not observe a signif-
icant association of MCI with COVID-19 infection using multivariate
logistic regression with or without PSW (OR = 0.974, 95% Cl [0.932,
1.019], P = .252) or PSW model (OR = 0.953, 95% CI [0.895, 1.014],
P =.125;Table 7, Figure 2). The comparison between MClI patients ver-
sus non-MClI patients revealed that patients with MCl associated with
higher ORs of hospitalization (OR = 1.309, 95% CI [1.140, 1.503] and
OR = 1.370, 95% CI [1.113, 1.686] with PSW), use of ICU or mechan-
ical ventilators (OR = 1.290, 95% CI [1.085, 1.534] and OR = 1.315,
95% Cl [1.013, 1.706] with PSW), and mortality (OR = 1.211, 95%
Cl [1.045, 1.404] and OR = 1.265, 95% CI [1.022, 1.565] with PSW;
Table 7, Figure 2).

Sensitivity analyses using bootstrapping for the confidence inter-
vals for logistic regression were comparable to our findings (Table
S1A), supporting the robustness of the associations reported in our

analyses.

3.5 | Association between ACEI/ARB prescriptions
and COVID-19 occurrence/severity among AD
patients

Patients prescribed ARBs had a lower risk of a positive COVID-19 test
outcome (OR = 0.657, 95% CI [0.501, 0.861], P-value = .002), com-
pared to patients not prescribed ACE| or ARB. These results were con-
firmed with the logistic model with PSW (OR = 0.644, 95% CI [0.567,
.731], P-value <.001; Table 8, Figure 3). However, prescription of ACEls
had no significant association with a positive COVID-19 test result. We
further examined the association of medications prescribed on the clin-
ical outcomes. Among AD patients who tested positive for COVID-19,
neither ACEls nor ARBs had a significant association with any of the
severity levels (Table 8, Figure 3) in both the logistic and the PSW logis-
tic models.

3.6 | Association between ACEI/ARB prescription
and COVID-19 occurrence/severity among MCI
patients

MCI patients prescribed ARBs have a lower risk of a positive COVID-
19 test (OR = 0.874, 95% CI [0.765, 0.999], P-value = .048) compared
to the reference group (no ACEI and no ARB; Table 9, Figure 4). This
result was confirmed with the PSW logistic model: the OR for ARB was
0.886 with 95% CI(0.827,0.949) and P-value =.001 (Table 9, Figure 4).
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TABLE 7 Association of MCl with COVID-19 infection and clinical outcomes

Propensity score weighted logistic

Logistic regression regression
OR 95% ClI P-value OR 95% ClI P-value

COVID-19 infection 0.974 (0.932,1.019) 0.252 0.953 (0.895,1.014) 0.125
(reference: negative)

COVID-19 clinical Hospitalization 1.309 (1.140, 1.503) <.001 1.370 (1.113,1.686) .003
SseiEs | E R ErE ICU or ventilator 1.290 (1.085,1.534) 004 1.315 (1.013, 1.706) 040
non-hospitalized)

Mortality 1.211 (1.045, 1.404) .011 1.265 (1.022, 1.565) .031

Abbreviations: Cl, confidence interval; ICU, intensive care unit; MCI, mild cognitive impairment; OR, odds ratio.

Propensity score weighted

Logistic/nominal logistic regression logistic/nominal logistic regression
COVID-19 Infection{ —@— COVID-19 Infection{ —&—
Hospitalization : fp—— Hospitalization : f ® {
ICU or Ventilator oo ® l ICU or Ventilator il * %
Mortality | b 4 I Mortality | o ® {
1.0 1.2 14 1.0 1.2 14 1.6
Odds ratio (log scale) Odds ratio (log scale)

FIGURE 2 Odds ratios of association of mild cognitive impairment (MCI) with COVID-19 infection and clinical outcomes. Odds with and
without propensity score weighting of COVID-19 infection, hospitalization, use of intensive care unit (ICU) or mechanical ventilation, and
mortality were illustrated in patients with MCI compared to patients without MCI

TABLE 8 Association of ACEI/ARB use with COVID-19 infection and clinical outcomes among AD patients

Propensity score weighted logistic

Logistic regression regression

ACEI/ARB  OR 95%Cl P-value OR 95%Cl P-value

COVID-19 infection ACEI 0.930 (0.775,1.116) 0.434 901  (0.801,1.013) 0.081

(reference: negative) ARB 0.657 (0.501,0.861) 0.002 644 (0.567,0.731) <0.001

COVID-19 severity Hospitalization ACEI 1.285 (0.760,2.173) .148 1.204 (0.635, 2.284) 1192

lieiierznes. ICU or ventilator  ACEI 2.039 (0.936,4.439) 046 1461  (0.601,3.552) 113
non-hospitalized)

Mortality ACEI 1.361 (0.847,2.188) 377 1295  (0.724,2.315) 556

Hospitalization ARB 0.723 (0.311,1.683) 271 0.730  (0.357,1.490) 170

ICU or ventilator ~ ARB 0.786 (0.224,2.762) 323 0.646  (0.233,1.796) 153

Mortality ARB 1.203 (0.613,2.362) 924 1273 (0.695,2.331) 647

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; AD, Alzheimer’s disease; ARB, angiotensin Il receptor blocker; Cl, confidence interval; ICU,
intensive care unit; OR, odds ratio.

However, compared to the ARB association with COVID-19 positiv- patients with a positive COVID-19 test result, both ACEl and ARB

ity among AD patients, the effect size of ARB among MCI patients is had no significant association with any severity level (Table 9) in both
smaller based on small effect size threshold.?¢ models.
For ACEI, there was no significant association with the outcome in For AD patients, the bootstrap estimation of OR of ARB is 0.657

both logistic model and the PSW logistic model. Among all the MCI with 95% Cl (0.467,0.819) and for MClI patients, the OR is 0.872 with
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FIGURE 3 Odds ratios of COVID-19 infection and clinical outcomes in Alzheimer’s disease (AD) patients with records of using angiotensin
converting enzyme inhibitors (ACEIls) or angiotensin Il receptor blockers (ARBs). Veterans with records of having been prescribed ACEI only or
ARB only were compared to those with no record of having been prescribed ACEI or ARB using a logistic regression model, with or without
propensity score weighting. The use of ARBs is associated with reduced odds of a positive COVID-19 test. Among COVID-19-positive veterans
with AD, no significant association was observed between ACEI/ARB use and hospitalization (excluding those admitted to the intensive care unit

[ICU] or using ventilators), ICU admission/use of ventilators, or mortality

TABLE 9 Association of ACEI/ARB use with COVID-19 infection and clinical outcomes among MCI patients

Logistic regression

Propensity score weighted logistic

ACEI/ARB OR

COVID-19 infection ACEI 0.938

(reference: negative) ARB 0.874

COVID-19 severity Hospitalization ACEI 0.830

(G ICUorventilator ~ ACEI 1.189
non-hospitalized)

Mortality ACEI 0.828

Hospitalization ARB 0.772

ICU or ventilator ARB 1.042

Mortality ARB 1.096

regression
95% Cl P-value OR 95% Cl P-value
(0.845,1.041) 0.231 .944 (0.883,1.009) 0.090
(0.765,0.999) 0.048 .886 (0.827,0.949) 0.001
(0.607,1.135) .709 0.822 (0.588,1.151) 666
(0.799,1.770) 411 1.227 (0.798, 1.886) 458
(0.594,1.152) .135 0.824 (0.579,1.174) 131
(0.505, 1.181) 404 0.764 (0.533, 1.096) 262
(0.615, 1.765) .850 1.166 (0.742,1.834) 779
(0.724,1.660) .332 1.061 (0.742,1.517) 298

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; Cl, confidence interval; ICU, intensive care unit; MCI,

mild cognitive impairment; OR, odds ratio.

95% Cl(0.757,0.985; Table S1B). These results confirmed our findings
on the effect of ARB usage.

4 | DISCUSSION

To the best of our knowledge, this is one of the largest retrospec-
tive case-control studies evaluating the association of those diag-
nosed with AD/MCI and COVID-19 infection together with informa-

tion on medication treatment and clinical outcomes. The association
between AD and COVID-19 in our study is consistent with another
large cohort study on dementia that leveraged 61.9 million EHRs.1”
However, important differences in the study design should be noted.
Our results suggest a 69% increased odds of a COVID-19 infection
among AD patients and beneficial effect of ARB prescription. The
relationship between AD and mortality among COVID-19-positive
patients revealed by this study has significant clinical implications.

Next, the hospitalization and mortality status were evaluated using
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FIGURE 4 Odds ratios of COVID-19 infection and clinical outcomes in mild cognitive impairment (MCI) patients with records of using
angiotensin converting enzyme inhibitors (ACEls) only or angiotensin |l receptor blockers (ARBs) only. Veterans with records of having been
prescribed ACEI only or ARB only were compared to those with no record of having been prescribed ACEI or ARB using a logistic regression
model, with or without propensity score weighting. The use of ARB is associated with reduced odds of a positive COVID-19 test. Among
COVID-19-positive veterans with MClI, no significant association was observed between ACEI/ARB use and hospitalization, intensive care unit

(ICU) admission/use of ventilators, or mortality

different time windows.'” The published study investigated risks of
6-month hospitalization and mortality, while this study analyzed risks
of 2-month (60-day) hospitalization and mortality. Furthermore, the
previous published study compared the unadjusted percentage rate
among patients with both dementia (or AD) and COVID-19, patients
with COVID-19 but no dementia, and patients with dementia (or AD)
with demographic disparities. Our study compared the adjusted ORs
with and without PSW between AD versus non-AD subjects, control-
ling for some of the disparities through balancing the groups on both
demographic and clinical characteristics.

A strength of this study was in the PSW reported results that were
statistically significant with a balance between the exposure group and
the comparison group (without exposure). We checked the status of
living in nursing homes and found no difference between those AD
patients living inside or outside of nursing homes (Table 5). It is not
clear whether social and biological determinants play potential roles
in enhancing the occurrence and severity of COVID-19 among AD and
MCI patients.

Previously, we found that the use of ACEls significantly decreased
the odds of a positive COVID-19 test among veterans with
hypertension,2” which is different from the cohort presented in
this study. In this study, we found that ARBs but not ACEIl were
associated with a lower occurrence of COVID-19, and there is no
significant association between the ARB or ACEI use and the severity
of COVID-19 among AD and MCI patients. The difference between
two study populations, patients with hypertension versus AD/MCI,

contributes to the new finding of beneficial effect of ARBs.

Mechanistically, our findings are consistent with the speculation
that the increased BBB permeability renders patients with AD vul-
nerable to viral infections.?8-%% Prior studies have shown that BBB
impairment is a stable characteristic of AD patients3'~34 and suggested
that many infectious agents in the CNS, including viruses, bacteria, and
fungi, were associated with AD patients.3.35-40

Our study has several limitations. First, there were substantial dif-
ferences in terms of demographics, clinical characteristics, and the
status of nursing home stay between AD/MCI versus non-AD/MCI
patients, even though we attempted to limit the biases by balancing and
adjusting these differences using multivariable regression with PSW.
Second, the participants in our study took the COVID-19 test volun-
tarily. We did not account for the various social and behavioral reasons
associated with the decision for COVID-19 testing. Several unmea-
sured variable factors, such as behavioral attitudes, sociodemographic
disparities, and cultural attitudes may have contributed to this deci-
sion. Third, due to the overall nature of the population of veterans who
had served in the US military, our study population had a higher pro-
portion of males than the general population, and results are limited to
males, predominantly White (Table 1).

The impact of the SARS-CoV-2 infection on AD and MCI patients is
multifaceted,*! and the effects on clinical outcomes of COVID-19 are
heterogeneous in general, except for a specific increase in mortality.*?
We understand that our results may be statistically significant but not
clinically important to change current practices. The sample size of
this study is very high and the significance of results should be inter-

preted with caution. The effect size of our primary finding is larger
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than small effect size,2 using the effect size as the approach is appro-
priate and conveys the clinical importance of our findings.*3#* While
we are still exploring molecular pathways involved in SARS-CoV-2-
infection-triggered CNS responses and its related neuropsychiatric
manifestation,*> we need to identify a clear path forward to specif-
ically reduce the impact of COVID-19 on AD and MCI patients.*¢
Future studies are needed to understand the pathological changes that
may explain increased occurrence of COVID-19 among AD and MCI
patients.
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