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Abstract. Previous studies have identified dementia as a risk factor for death from coronavirus disease 2019 (COVID-19).
However, it is unclear whether Alzheimer’s disease (AD) is an independent risk factor for COVID-19 case fatality rate. In
a retrospective cohort study, we identified 387,841 COVID-19 patients through TriNetX. After adjusting for demographics
and comorbidities, we found that AD patients had higher odds of dying from COVID-19 compared to patients without AD
(Odds Ratio: 1.20, 95% confidence interval: 1.09–1.32, p < 0.001). Interestingly, we did not observe increased mortality from
COVID-19 among patients with vascular dementia. These data are relevant to the evolving COVID-19 pandemic.
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INTRODUCTION

Dementia has consistently been identified as a risk
factor for death from the novel coronavirus disease
2019 (COVID-19) [1–8]. However, mixed results
have been reported regarding whether Alzheimer’s
disease (AD) is an independent risk factor for
COVID-19 mortality, likely due to the relatively small
sample size studied [9, 10]. The goal of our study
was to determine whether AD patients had a higher
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COVID-19 case fatality rate (CFR) compared to a
large demographically matched cohort of COVID-
19 patients without AD. Critically, we included 30
comorbidities from the Elixhauser comorbidity index
in our analysis, controlling for known non-AD con-
tributions to the COVID-19 CFR [11, 12].

MATERIALS AND METHODS

We compared COVID-19 CFR in patients with
and without AD from the TriNetX research net-
work, as we did previously with Parkinson’s disease
(PD) [13]. TriNetX is a health research database
with deidentified medical records of over 50 million
patients, mostly from the United States. We extracted
data on April 14, 2021, but only used data through
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February 17, 2021, in order to allow time for mortal-
ity outcomes to be resolved. Thus, these data likely
are prior to major variant spread and vaccination [14].

Patients were identified if they had one or more
International Classification of Diseases (ICD; Ninth
revision: ICD-9-CM, Tenth revision: ICD-10-CM)
codes in their medical records for COVID-19: U07.1
(2019-nCoV acute respiratory disease (WHO));
B97.29 (Other coronavirus as the cause of diseases
classified elsewhere); B34.2 (Coronavirus infec-
tion, unspecified); or J12.81 (Pneumonia due to
SARS-associated coronavirus) between January 20,
2020 and February 17, 2021. Patients with ICD-
9 code 079.89 (Other specified viral infection)
were excluded to reduce the likelihood of including
patients without COVID-19. The study included all
patients with COVID-19 recorded in their medical
records from participating healthcare organizations
in both inpatient and outpatient care settings. We
used the Elixhauser comorbidity index to account
for comorbidities; this index accounts for major fac-
tors contributing to hospital mortality [15]. History
of comorbidities listed in the Elixhauser comorbidity
index were identified if the patient had a correspond-
ing ICD code for the condition in their medical
records captured in TriNetX. Deaths documented
at the participating healthcare organizations were
recorded. Patients were identified as having AD if
at least one of the following ICD codes were listed
in their medical records: 331.0, G30, G30.0, G30.1,
G30.8, or G30.9. For vascular dementia, the follow-
ing ICD codes were used: 290.40, 290.41, 290.42,
290.43, F01, F01.5, F01.50, F01.51. For dementia
with Lewy bodies (DLB), the following ICD codes
were used: 331.82 and G31.83. For frontotemporal
dementia (FTD), the following ICD codes were used:
331.1, 331.11, G31.0, G31.01, G31.09. Descriptive
statistics included proportions for categorical vari-
ables and medians and inter-quartile ranges (IQRs)
for continuous variables. For demographic and counts
of comorbidities information, see Supplementary
Table 1. Of note, our hypotheses pertained to AD and
COVID-19, and Supplementary Table 1 is included
for completeness.

We used three approaches to account for dif-
ferences between patients with AD and patients
without AD. First, we performed multivariable logis-
tic regressions to explore associations between AD,
vascular dementia, DLB, FTD, age, sex, race, ethnic-
ity, comorbidities (all comorbidities included in the
Elixhauser comorbidity index, except other neurolog-
ical disorders), and mortality. Any deaths during the

study period captured in the medical records of the
participating health-care organizations were included
in the analysis. All variables were inserted into the
multivariable logistic regression model, and the odds
ratio was estimated for each fixed effect. In this con-
text, the odds ratio estimates the ratio of dying of
COVID-19 with and without AD.

Second, we matched each AD COVID-19 case to 5
control COVID-19 cases with the same age, sex, race
and Elixhauser comorbidity index, and performed a
conditional logistic regression analysis to account for
potential residual confounding. As a third convergent
analysis, we performed propensity score matching
and matched each AD COVID-19 case to 5 con-
trol COVID-19 cases with the same propensity score
that were calculated from age, sex, race, ethnicity,
and comorbidities from the Elixhauser comorbidity
index, and then performed conditional logistic regres-
sion.

Data were requested from TriNetX and all anal-
yses were conducted with R. TriNetX access is
provided at no cost to University of Iowa researchers
through the University of Iowa Institute for Clinical
and Translational Science, part of the NIH Clini-
cal and Translational Science Award program [16].
The results were considered statistically significant
if the p-value was less than 0.05. No imputations
were made for missing data. Adult patients 18 years
and older were included in the dataset; of note, AD
tends to affect older patients, and the median age
of our patient population was 50. We obtained a
dataset of 388,029 patients with COVID-19 initially
but removed 188 patients with unknown gender. We
did not impose any further exclusion criteria to limit
selection bias. Our research is approved by the IRB of
University of Iowa, under IRB protocol: 202005138.

RESULTS

We identified 387,841 patients with COVID-19, of
whom, 4,174 had AD, 2,765 had vascular dementia,
375 had DLB, and 235 had FTD. Prior research has
shown higher CFRs in males versus females [1, 17],
African Americans versus Caucasians [1, 18], and
elderly versus younger patients [1, 17]. We performed
logistic regression with age, sex, race, ethnicity, and
30 comorbidities included in the Elixhauser Comor-
bidity index as covariables. This analysis revealed
that the odds of mortality from COVID-19 were
significantly elevated in the AD group (Odds Ratio
(OR): 1.20, 95% confidence interval (CI): 1.09–1.32,
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Fig. 1. COVID-19 patients with Alzheimer’s disease (AD) have an increased case fatality rate (CFR). A) Odds ratio (OR) of COVID-19-
induced case-fatality rate; an OR of greater than 1 means a greater risk of dying of COVID-19. COVID-19 patients with AD (n = 4174) have
an increased CFR compared to those without AD (n = 383,667, odds ratio: 1.20, 95% confidence interval: 1.09–1.32, p < 0.001; this would
mean that all other factors being equal, a patient with AD would have a ∼20% increased chance of COVID-19 mortality). Logistic regression
was performed with age, sex, race, ethnicity and 30 comorbidities from the Elixhauser comorbidity index included as covariables. Data from
387,841 COVID-19 patients in the TriNetX research network. B) COVID-19 CFR was higher across age groups > 50 years. Lines represent
the model fit of each year (with age as a fixed effect) for AD patients (pink) and those without AD (blue).

p < 0.001; Fig. 1A, B). In addition, the OR of COVID-
19 mortality from patients with AD versus patients
without AD was similar for men (Odds Ratio (OR):
1.21, 95% confidence interval (CI): 1.05–1.39) as
well as women (OR: 1.19, 95% CI: 1.05–1.35). For
the full results of logistic regression, see Table 1.

To further assess for residual confounding by age,
sex, race, and comorbidities, we exactly matched
each AD COVID-19 case to 5 control COVID-19
cases with the same age within 1 year, sex, race, and
Elixhauser comorbidity index. We then performed a
conditional logistic regression and again found an ele-
vated odds of death in patients with AD compared
to age, sex, race, and Elixhauser comorbidity index
matched controls (OR = 1.38, 95% CI:1.29–1.47,
p < 0.001). We replicated this analysis with 1,000
random matchings with the effect being statistically
significant in all replicates. Finally, we performed
propensity score matching of each AD COVID-19
patient to 5 control COVID-19 patients with propen-
sity scores calculated from age, sex, race, ethnicity,
and comorbidities from the Elixhauser index. This
was followed by conditional logistic regression, and,
for a third time, we found an increased OR of dying
from COVID-19 among AD patients (OR = 1.14,
95% CI:1.04–1.24, p = 0.004).

Interestingly, for vascular dementia, we used a
similar approach with logistic regression with age,

sex, race, ethnicity, and 30 comorbidities included
in the Elixhauser Comorbidity index as covariables
and found that the odds of dying from COVID-
19 was not consistently increased among patients
with vascular dementia compared to patients with-
out vascular dementia (OR: 0.99, 95% CI: 0.88–1.10,
p = 0.83). Similarly, the ORs of COVID-19 mortality
were not reliably increased among patients with DLB
(OR:1.18, 95% CI: 0.88–1.55, p = 0.26) or FTD (OR:
1.28, 95% CI:0.87–1.84, p = 0.19) (Fig. 1A).

DISCUSSION

In summary, we performed a retrospective analysis
of the TriNetX database and found that COVID-
19-related CFR was increased in AD patients,
independent of age, sex, race, ethnicity, and comor-
bidities from the Elixhauser comorbidity index.
Vascular dementia, on the other hand, did not increase
the COVID-19 CFR after accounting for the demo-
graphics and comorbidities. We also did not see
a significant increase in COVID-19 CFR among
patients with DLB or FTD, although these two dis-
eases can be challenging to diagnose, only a few
hundred patients of these were included in our sam-
ple, and are difficult to compare to other studies
because of our sample size and timing during the
pandemic [9]. However, our results are convergent
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Table 1
Multivariable logistic regression analysis of factors associated with mortality in adults

with COVID-19 coded in the TriNetX research network as of February 17, 2021 (n = 387,841)

Multivariable logistic regression results

Characteristics Death with P
COVID-19, OR (95% CI)

Age (per year) 1.059 (1.057–1.060) <0.001
Male sex 1.44 (1.39–1.50) <0.001
Race
White Ref
Black or African American 1.37 (1.30–1.44) <0.001
Other 1.23 (1.16–1.29) <0.001
Ethnicity
Hispanic 1.09 (1.02–1.17) 0.017
Unknown 1.21 (1.15–1.26) <0.001

Dementia disorders
Alzheimer’s disease 1.20 (1.09–1.32) <0.001
Vascular dementia 0.99 (0.88–1.10) 0.83
Dementia with Lewy bodies 1.18 (0.88–1.55) 0.26
Frontotemporal dementia 1.28 (0.87–1.84) 0.19

Comorbidities within the Elixhauser comorbidity index
Fluid and electrolyte disorders 2.98 (2.85–3.13) <0.001
Coagulopathy 2.25 (2.14–2.36) <0.001
Cardiac arrhythmias 1.88 (1.80–1.96) <0.001
Metastatic cancer 1.72 (1.56–1.89) <0.001
Renal failure 1.52 (1.44–1.60) <0.001
Diabetes, complicated 1.39 (1.31–1.1.47) <0.001
Weight loss 1.39 (1.32–1.46) <0.001
Congestive heart failure 1.37 (1.30–1.45) <0.001
Pulmonary circulation disorders 1.30 (1.23–1.38) <0.001
Liver disease 1.28 (1.21–1.35) <0.001
Paralysis 1.20 (1.10–1.31) <0.001
Psychoses 1.11 (1.00–1.24) 0.053
Lymphoma 1.08 (0.96–1.21) 0.22
Obesity 1.07 (1.02–1.12) 0.003
Alcohol abuse 0.99 (0.91–1.08) 0.82
Chronic pulmonary disease 0.97 (0.93–1.01) 0.19
Peripheral vascular disorders 0.92 (0.88–0.97) 0.001
Drug abuse 0.92 (0.84–1.01) 0.087
Blood loss anemia 0.92 (0.84–1.01) 0.10
Hypothyroidism 0.89 (0.85–0.94) <0.001
Peptic ulcer disease, excluding bleeding 0.89 (0.80–0.99) 0.03
Valvular disease 0.88 (0.83–0.92) <0.001
Rheumatoid arthritis/collagen vascular disease 0.86 (0.80–0.93) <0.001
Solid tumor, without metastasis 0.81 (0.76–0.86) <0.001
Diabetes, uncomplicated 0.81 (0.77–0.86) <0.001
AIDS/HIV 0.81 (0.63–1.03) 0.10
Depression 0.80 (0.77–0.84) <0.001
Hypertension, complicated 0.78 (0.73–0.83) <0.001
Iron deficiency anemia 0.75 (0.71–0.79) <0.001
Hypertension, uncomplicated 0.70 (0.67–0.74) <0.001

CI, confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio.

in finding that AD is an independent risk factor for
COVID-19 mortality [9].

There are several possibilities for the association
between AD, COVID-19, and mortality in the present
study. Indeed, SARS-CoV2 can invade the central
nervous system [19], and COVID-19 patients fre-
quently have neurological impairments [20], which

may be compounded in neurodegenerative conditions
like PD and AD.

These results have several limitations. First, the
TriNetX research network includes de-identified data
from over 40 healthcare organizations primarily in
the US. While this allowed us to analyze patient data
from across the country, we were unable to account



Q. Zhang et al. / COVID-19 Case Fatality and Alzheimer’s Disease 1451

for confounding regional data that could increase
mortality, such as low access to high-level health
care (i.e., intensive care units, ventilators, etc.) and
varying treatment strategies by region. Second, this
dataset does not have information on severity of AD,
cognitive function, functional status, if patients are
bedridden, or patients’ goals of care wishes, includ-
ing DNR (Do Not Resuscitate) status, and there
may be residual imbalances despite matching or
a latent covariate that contributes to our observed
effects. Third, this study only reports an association
between COVID-19-related mortality and a diagno-
sis of AD; however, in this context, designs that
are better suited to causal inference are challenging.
Fourth, we do not have information on medications
taken before or during the infection. Some medica-
tions may reduce the COVID-19 related mortality
(e.g., monoclonal antibodies, dexamethasone) while
others—or the conditions they treat—may be associ-
ated with increased risk of death (e.g., ACE inhibitors,
DPP4 inhibitors) [21, 22]. Furthermore, the TriNetX
database lacks explicit information on recovery. Fifth,
it is possible that patients with AD are treated dif-
ferently by the healthcare system or are more likely
to have advanced directives. Finally, the COVID-19
pandemic has evolved with vaccination, viral muta-
tion, and treatments which may be highly relevant to
mortality [23].

Our results provide evidence that caution may be
required when providing care for patients with AD to
prevent COVID-19, and consideration of this patient
population when determining the ethics of vaccina-
tion priority, including in younger patients diagnosed
with AD [24]. Despite progress on vaccination in
the developed world, much of the global at-risk
population remains unvaccinated. Furthermore, coro-
naviruses will likely remain a major threat in the
coming years [25]. These data may have relevance
for AD and other respiratory illnesses, which may
involve similar risk factors and mechanisms [26]. Our
work could also help guide health-care decisions on
global COVID-19 policy as well as for caring for AD
patients through future pandemics.
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