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Abstract



Background: Dementia has been identified as a major predictor of mortality associated
with COVID-19. The objective of this study was to investigate the association between
dementia and mortality in COVID-19 inpatients in Germany across a longer interval
during the pandemic.

Methods: This retrospective study was based on anonymized data from 50 hospitals
in Germany and included patients with a confirmed COVID-19 diagnosis hospitalized
between March 11, 2020 and July, 20, 2022. The main outcome of the study was the
association of mortality during inpatient stays with dementia diagnosis, which was
studied using multivariable logistic regression adjusted for age, sex, and comorbidities
as well as univariate logistic regression for matched pairs.

Results: Of 28,311 patients diagnosed with COVID-19, 11.3% had a diagnosis of
dementia. Prior to matching, 26.5% of dementia patients and 11.5% of non-dementia
patients died; the difference decreased to 26.5% of dementia vs. 21.7% of non-
dementia patients within the matched pairs (n=3317). This corresponded to an
increase in the risk of death associated with dementia (OR=1.33; 95% CI: 1.16-1.46)
in the univariate regression conducted for matched pairs.

Conclusion: Although dementia was associated with COVID-19 mortality, the
association was weaker than in previously published studies. Further studies are
needed to better understand whether and how pre-existing neuropsychiatric conditions

such as dementia may impact the course and outcome of COVID-19.



Introduction

Coronavirus disease 2019 (COVID-19) emerged in December 2019 and has spread
rapidly across the world (Sanyaolu et al., 2021). Since December 2019, around 597
million people have been diagnosed with COVID-19 worldwide, while approximately
six million individuals have died as a result of the disease (World Health Organization,
2022). With the succession of SARS-CoV-2 variants and the progression of the
vaccination campaign, the proportion of COVID-19 patients with hospital admissions
and Covid-19 related mortality has fluctuated strongly over the course of the pandemic
and has also varied widely between countries (Kloka et al., 2022). Hospital treatment
was required in about 10-20% of COVID-19 patients, with this proportion decreasing
over time (European Centre for Disease Prevention and Control, 2022).

Kloka et al. analyzed 561,379 hospitalized COVID-19 patients in Germany, 30% of
whom were in the age group 80-85 years (Kloka et al., 2022). Previous research has
shown that a diagnosis of pre-existing dementia is a major risk factor for COVID-19-
associated mortality (Wan et al, 2020; Bianchetti et al., 2020; Hwang et al., 2020;
Atkins et al., 2020; Harrison et al., 2020; van Gerwen et al., 2021; Esme et al., 2021,
Hariyanto et al., 2021; Becerra-Muiioz et al., 2021; Winkler et al., 2022). For example,
one study of adults aged 65 years or older living in the United States found that
dementia patients had a 13% greater risk of death than non-dementia patients, and
this difference was even greater among nursing home residents (Gilstrap et al., 2022).
In another study from Italy using data from 627 hospitalized patients with COVID-19
pneumonia, the mortality rate was 62% among patients with dementia compared to
26% in patients without dementia. Even after adjusting for age, dementia was strongly
(HR: 1.84) associated with an increased mortality risk (Bianchetti et al., 2020). In a

study conducted in South Korea, Alzheimer's Disease was one of the main predictors



of COVID-19 mortality (Hwang et al., 2020). A large study from the United Kingdom
(UK) including 269,070 COVID-19 patients found that dementia diagnosis was
associated with a 3.5 times higher risk of hospitalization and a 7.3 times higher risk of
death (Atkins et al., 2020). In a study from New York, dementia was associated with a
2.0 times higher risk of death but not with the increased application of mechanical
ventilation (van Gerwen et al., 2021). Meanwhile, a study from Turkey including 16,942
hospitalized adults with COVID-19 found that dementia was associated with mortality
(Odds Ratio (OR)=1.63 in the age group 60-79 and OR=1.47 in the age group 80+)
(Esme et al., 2021). In the study of Dutch nursing home residents with COVID-19 by
Rutten et al., dementia was associated with a 1.3 times higher risk of 30-day mortality
(Rutten et al., 2021).

Several meta-analyses have confirmed the impact of dementia on mortality in COVID-
19 patients. A meta-analysis of 9 studies published in 2020 showed that the mortality
rate of individuals with COVID-19 and dementia was 5.1 times higher than that of
individuals with COVID-19 and no dementia (Liu et al., 2020). In another meta-analysis
based on data from 10 studies, dementia was associated with a 1.8 times higher
mortality in COVID-19 patients (July & Pranata, 2021).

Although the above studies have unanimously identified dementia as a risk factor for
a fatal course of COVID-19, they are subject to several limitations that need to be taken
into account. One major limitation is that most of the studies mentioned above were
conducted during the first months of the COVID-19 pandemic. Hence, it is possible that
the effects of dementia on COVID-19 mortality may have changed over time, especially
after vaccines became available and were broadly administered and as different

variants of SARS-CoV-2 evolved.



In this retrospective study including a large number of patients treated in several large
hospitals in Germany over a long interval during the pandemic, we verify the

association of dementia diagnosis with the risk of mortality as a result of COVID-19.

Methods

Study population

This retrospective study based on anonymized electronic medical data from public
healthcare service hospitals across Germany, all belonging to the same hospital group,
included 28,311 patients with a confirmed COVID-19 diagnosis (ICD-10 U07.1)
hospitalized between March 11, 2020 and July 20, 2022.

Initially, data were collected as part of the “CORONA Germany” — Clinical Outcome
and Risk in hospitalized COVID-19 patients — study, a multicenter observational,
prospective, epidemiological cohort study. All data collected from the data repository
were validated using the hospital network’s quality management database. The initial
results of the prospective study have been published previously (Geliler et al., 2021,
Gunawardene et al., 2021). The study was approved by the ethics committee of the
General Medical Council (Aerztekammer) for the City of Hamburg and the ethics
committee of the General Medical Council (Aerztekammer) for the City of Munich.

For the present study, demographic data (age, sex), COVID-19 relevant data

(ventilation, mortality), time of COVID-19 diagnosis, and co-diagnosis data were used.

Study outcome
The main outcome of the study was the association of dementia diagnosis with an

increased risk of death during the hospital stay.



Statistical analyses

First, baseline characteristics of study patients were shown as proportions (sex, co-
morbidities, probable Covid-19 variant) or mean (SD) (age) separately for patients with
and without dementia. These co-diagnoses included cancer (ICD-10: C00-C97),
diabetes mellitus (ICD-10: E10-E14), lipid metabolism disorder (ICD-10: E78), obesity
(ICD-10: E66), heart failure (ICD-10: 150), ischemic heart disease (ICD-10: 120-125),
cerebrovascular disease (ICD-10: 160-169), and cirrhosis of the liver (ICD-10: K70.3,
K74) as these diagnoses are known to be common causes of mortality.

In the next step, the association between dementia and death was studied using
multivariable logistic regression adjusted for age, sex, cancer, diabetes mellitus, lipid
metabolism disorder, obesity, heart failure, ischemic heart disease, cerebrovascular
disease, cirrhosis of the liver, and probable COVID-19 variant. Based on the
dominance of the respective variants, the latter was defined as non-omicron (all cases
from March 2020 to December 2021) or omicron (all cases from January 2022 to July
2022) (Robert-Koch-Institute, 2022). The effects of Alzheimer’s Disease (AD), vascular
dementia (VD), and undefined dementia (UD) were also tested in a sub-analysis. The
results of the logistic regression analyses are presented as odds ratios (ORs) with 95%
confidence intervals (CIs).

Finally, individuals without dementia were matched to those with dementia using
propensity scores based on sex, age, the aforementioned comorbidities, and probable
COVID-19 variant. Univariate conditional logistic regression was conducted for
matched pairs to study the association between dementia and death.

In sensitivity analyses, we retrospectively followed dementia patients and matched

non-dementia patients till death or end of hospital stay and displayed cumulative



mortality using Kaplan-Meier curves. Finally, a Cox regression model was used to

estimate the association between dementia and time to death.

P values <0.05 were considered statistically significant. All analyses were done using

R version 4.2.0 (2022-04-22)

Results

Of 28,311 patients diagnosed with COVID-19, 3,317 (11.3%) had a dementia diagnosis
and 24,994 (88.3%) had no dementia diagnosis. Among dementia patients, 67% had
undefined dementia, 18% AD, and 15% VD. As expected, patients with dementia were
much older (mean (standard deviation) age: 83 (7) years versus 63 (21) years), more
often female (53.9% versus 48.0%), and had a higher prevalence of comorbidities
(Table 1). After propensity score matching, 3,317 patients with dementia and 3,317
patients without dementia with the same age, sex, comorbidity structure, and probable
COVID-19 variant were available for analysis.

Figure 1 shows the prevalence of death in patients with and without dementia. Prior to
matching, 26.5% of dementia patients and 11.5% of non-dementia patients died; the
difference was smaller within the matched pairs, with 26.5% of dementia vs. 21.3% of
non-dementia patients dying (Figure 1).

The Kaplan Meier curves are shown in Figure 2. There were no significant differences
in the overall survival between dementia and non-dementia patients both 30 and 90

days after hospital admission.



There was a strong relationship between death and the application of ventilation. In
total, 3,074 patients (10.9%) received ventilation, of whom 40.0% died; of the 25,237
patients without ventilation, 10.0% died. In addition, dementia patients were rarely
ventilated (127/3,317; 3.8%) and the proportion of dementia patients who died despite
ventilation was much higher (79/127; 62.2%) than in the total population.

In the multivariable logistic regression, dementia was associated with an 84%
(OR=1.84; 95% CI: 1.52-2.24) increase in the risk of death. In the univariate logistic
regression conducted for matched pairs, dementia was associated with a 33%
(OR=1.33; 95% CI: 1.16-1.53) increase in the risk of death (Table 2). Finally, in the
univariate Cox regression, dementia was associated with a 12% (HR: 1.12; 95% CI:
1.01-1.23) increase in the risk of death (Table 2).

In the multivariable logistic regression, there was a significant association between
undefined dementia and mortality (OR: 2.07; 95% CI: 1.61-2.65), as well as VD and
mortality (OR: 1.67; 95% CI: 1.14-2.47). The association between AD and mortality
was positive but not significant (OR: 1.44; 95% CI: 0.91-2.29).

The multivariable logistic regression model indicated that other variables were strongly
associated with COVID-19 mortality. Age (OR=6.96 per year), non-omicron variant
(OR=2.55), obesity (OR=2.07), cirrhosis of the liver (OR=2.66), and cancer (OR=2.13),

were variables which had a stronger association with mortality than dementia.

Discussion

This retrospective study including more than 28,000 COVID-19 patients treated in 50
Asklepios hospitals in Germany between March 2020 and July 2022 showed that
mortality was higher in those diagnosed with dementia than in those without dementia.

Dementia was associated with an increased mortality risk, but the association was

10



weaker than that reported in the majority of previous publications. To the best of the
authors' knowledge, this is one of the first studies to have investigated the association
between dementia and COVID-19 mortality using data collected for more than two
years and applying two different statistical methods in parallel.

Recently, a substantial body of research has focused on the impact of dementia on
COVID-19-related mortality. Rutten et al. reported a risk increase for 30-day mortality
for dementia patients (Rutten et al., 2021) that was similar to our findings for the
association between dementia and mortality in matched pairs. In the study by Zhang
et al., patients with AD had significantly (20%) (OR: 1.20) higher odds of dying from
COVID-19 than patients without AD (Zhang et al., 2021). However, in most published
studies, dementia was associated with an increased mortality risk, whereby, depending
on the study setting, the risk increase was up to five times (Liu et al., 2020).

There are several hypotheses that may explain the discrepancy between the findings
of the published literature and the present study. First, COVID-19 mortality has
decreased since the beginning of the pandemic (Fan et al., 2021; Jones et al., 2021).
Second, pre-existing conditions associated with an impaired functional state and a
poor rehabilitative outlook, such as dementia, may elevate the threshold for the
indication of ventilation or the living will of the respective patient may explicitly exclude
intensive care measures in such a situation (Zeeh et al. 2020). Accordingly, the
proportion of patients treated with ventilation was much lower among dementia
patients.

Nevertheless, there is a lack of data on the effects of different dementia types on
COVID-19 mortality. In the study by Yu et al., a diagnosis of frontotemporal dementia
(OR 16.0) and AD (OR 4.2) but not VD was associated with a higher risk of death from

COVID-19 (Yu et al., 2021). In the study by Matias-Guiu et al., a diagnosis of AD was
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independently associated with a higher risk of death, but a diagnosis of frontotemporal
dementia was not (Matias-Guiu et al., 2020). In our study, the association between VD
and COVID-19 mortality was stronger than the association between AD and COVID-
19, although dementia type was not known for the majority of dementia patients
(undefined dementia). Interestingly, it has been demonstrated that the genes
associated with Alzheimer’s disease (APOE and BIN1) in patients who are at risk of
developing the condition or who already suffer from it are responsible for COVID-19
severity and even death in these patients (Magusali et al., 2021; Sirin et al., 2022) .

Two major strengths of this study are the large sample size (n=28,311) and the
inclusion of patients diagnosed with COVID-19 across a long period of the pandemic
from March 2020 to July 2022. A further strength is the use of propensity score
matching which eliminates the effects of confounding due to baseline variable
differences. Indeed, it is often difficult to determine the degree to which regression-
based adjustments minimize differences between groups (Austin et al., 2021),
especially when the age differences among participants are as big as in this study.

However, our study is also subject to a number of limitations. Although different chronic
conditions were used for adjustment in regression models, other diseases which were
not included could have an impact on the study outcome. Such diseases include
anemia, chronic obstructive pulmonary disease (COPD), chronic kidney disease, and
Vitamin D deficiency, which are associated with COVID-19 mortality in the literature
(Panagiotou et al., 2021; AbuRuz et al., 2022). No detailed information is available on
the causes of death in those patients who died. Most but not all mortality cases listed
COVID-19 as the main cause of death. In addition, no medications used for COVID-19
therapy and no other medications were analyzed. Information on the vaccination status

of the patients included in the study was missing. Although Germany actually has a
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very high COVID-19 vaccination rate among the elderly population, the period of this
study also included the year 2020 when no vaccinations were available. Gomes et al.
demonstrated the very high effectiveness of the BNT162b2 COVID-19 vaccine in
elderly populations, finding that two doses of the vaccine significantly lowered the risk
of hospitalization as well as mortality (Gomes et al., 2021). Furthermore, given that our
study only included patients treated in hospitals, the association between dementia
and a fatal course of COVID-19 cannot be generalized to indicate an association
between dementia and COVID-19 severity in patients treated outside of hospitals in
Germany. Other authors have conducted studies on dementia patients with COVID-19
in other settings and countries (Cascini et al., 2022, Hua et al., 2022). For example, in
Madrid (Spain), the mortality of the residents living in nursing homes with COVID-19
was almost 45% (Cascini et al., 2022). Another study conducted in the USA found that
the weekly mortality rate in 2020 was 68% higher among assisted living residents with
dementia than among residents without dementia (Hua et al., 2022). From a data
perspective, one further limitation of our study is our use of the ICD-10 coding system,
which might lead to misclassification and undercoding of certain diagnoses.
Furthermore, data on socioeconomic status (e.g., education and income) and lifestyle-
related risk factors (e.g., smoking, alcohol consumption, and physical activity) are also
lacking. These possible confounders could not be matched in our analysis, which
would have been desirable.

Finally, viral variants were not determined individually for patients. Assignment of
variants was based on the predominant variant at the time the patient was diagnosed
with COVID-19 and a distinction was only made based on whether patients were

diagnosed before or since the omicron variant emerged (1/1/2022).
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Conclusions

This study including approximately 28,000 patients treated in 50 Aklepios hospitals in
Germany between 2020 and 2022 found that a diagnosis of dementia was only slightly
associated with COVID-19 mortality. Although SARS-CoV-2 has changed over time
and vaccination has greatly improved the prognosis of those who contract COVID-19
in general, further studies are needed to identify, prevent, and treat risk factors for

mortality of this disease.
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Table 1. Baseline characteristics of study patients with and without dementia

diagnosis

Patients without Patients with

Variable dementia dementia P-value**
(N = 24,994)* (N = 3,317)*

Male 12,995 (52.0) 1,529 (46.1)
Female 11,969 (48.0) 1,788 (53.9) <0001
Unknown 30 0
Age (Mean, SD) 63 (21) 83 (7) <0001
Cancer 1,421 (5.7) 100 (3.0) <0001
Diabetes mellitus 5,505 (22.0) 881 (26.6) <0001
Lipid metabolism disorder 3,724 (14.9) 612 (18.5) <0001
Obesity 1,432 (5.7) 75 (2.3) <0001
Heart failure 3,448 (13.8) 629 (19.0) <0001
Ischemic heart disease, 3,378 (13.5) 526 (15.9) <0001
Cerebrovascular disease 1,671 (6.7) 483 (14.6) <0001
Cirrhosis of the liver 236 (0.9) 19 (0.6) 0.033
Omicron variant 10,295 (41.2) 1,367 (41.2)
No omicron variant 14,699 (58,8) 1,950 (58.8) 0980

*Data are presented as absolute numbers and percentages unless otherwise specified.
**Welch Two Sample t-test; two-sample test for equality of proportions
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Figure 1. Proportion of patients with COVID-19-related mortality depending on

dementia diagnosis
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Figure 2. Cumulative mortality during the hospital stay depending on dementia

diagnosis (Kaplan-Meier curves)
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Table 2. Association between dementia and death due to COVID-19 in hospitalized patients

Odds Ratio (95%

Model Design Number of patients Cl) or Hazard P-value
Ratio (95% ClI)

Multivariable logistic regression

model adjusted for age, sex,

cancer, diabetes mellitus, lipid Without OR: 1.84 (1.52—

metabolism disorder, obesity, heart , 28,311 <0.001

; : . : matching 2.24)

failure, ischemic heart disease,

cerebrovascular disease, cirrhosis

of the liver, and COVID-19 variant

Univariate logistic regression Matched pairs 6,634 OR: 1i3£(1)6§1.16_ <0.001

Univariate Cox regression Matched pairs 6,634 HR: 1i1é23()1'01_ 0.031
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