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Abstract.
Background: There is emerging evidence that coronavirus disease 2019 (COVID-19) is giving rise to seemingly unrelated
clinical conditions long after the infection has resolved.
Objective: The aim of this study is to examine whether COVID-19 is associated with an increased risk of dementia including
Alzheimer’s disease.
Methods: This retrospective cohort study is based on longitudinal data from the IQVIATM Disease Analyzer database and
included patients aged ≥ 65 with an initial diagnosis of COVID-19 or acute upper respiratory infection (AURI) from 1,293
general practitioner practices between January 2020 and November 2021. AURI patients were matched 1 : 1 with COVID-
19 patients using propensity scores based on sex, age, index quarter, health insurance type, the number of doctor visits,
and comorbidities associated with dementia risk. Incidence rates of newly-diagnosed dementia were calculated using the
person-years method. Poisson regression models were used to compute the incidence rate ratios (IRR).
Results: The present study included 8,129 matched pairs (mean age 75.1 years, 58.9% females). After 12 months of follow-up,
1.84% of the COVID-19 patients and 1.78% of the AURI patients had been diagnosed with dementia. The Poisson regression
model resulted in an IRR of 1.05 (95% CI: 0.85–1.29).
Conclusion: This study did not find any association between COVID-19 infection and one-year dementia incidence after
controlling for all common risk factors for dementia. Because dementia is a progressive disease, which can be difficult to
diagnose, a longer follow-up period might offer a better insight into a possible association between COVID-19 infection and
an increased incidence of dementia cases in the future.
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INTRODUCTION

Caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), the respiratory infection
coronavirus disease 2019 (COVID-19) has infected
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over 600 million people globally since the start of
the global pandemic in late 2019 [1, 2]. Yet little is
known about the short- and long-term negative health
outcomes following COVID-19 infection [3]. There
is increasing evidence to support the notion that long-
term negative health outcomes following COVID-19
infection are common. A recent meta-analysis and
systematic review suggests that 80% of patients will
experience one or more specific symptoms after the
acute phase of the illness [4]. While many of these
symptoms, such as fatigue, headache, or cough, cor-
respond to the clinical sequelae of the preceding
COVID-19 infection, there is also a growing body
of evidence indicating that COVID-19 infection can
lead to the development of new-onset diseases that
are seemingly unrelated to the index COVID-19
infection.

Increasing evidence suggests that the post-acute
phase of COVID-19 may be associated with an
increased incidence of new-onset type 2 diabetes [5,
6], new-onset hypertension [7], and new diagnosis of
neuropsychiatric conditions such as depression, anxi-
ety, insomnia, and memory and attention impairments
[8–12]. While the mechanisms underlying these asso-
ciations are not yet fully understood, this observation
may have several important implications for health
and disease beyond the index COVID-19 infection.

It is conceivable that shared underlying mecha-
nisms exist that are driving the increased incidence
of specific conditions following COVID-19. It is also
notable that the specific conditions that appear to be
upregulated following COVID-19 infection, as out-
lined above, may also lead to an increased risk of
other negative health outcomes. For example, type 2
diabetes, hypertension, depression, anxiety, and cog-
nitive impairment are well-established risk factors
for developing dementia and may thus lead to an
increased incidence of dementia following COVID-
19 infection [11]. Taquet and colleagues analyzed a
large US federated electronic health record database
including 69.8 million patients and reported a sig-
nificantly higher incidence rate for dementia in the
14–90 days beyond COVID-19 diagnosis compared
to matched patient cohorts with influenza and other
respiratory tract infections [13]. Freudenberg-Hua
et al. (2022) reported an increased 1-year incidence
rate of post-COVID dementia in adults aged 65 + who
were hospitalized with COVID-19 in the US [13].
However, there is a need for further studies conducted
in other countries.

Given the worldwide prevalence of COVID-19,
even a small increase in the incidence of these

negative health outcomes would lead to a substan-
tial increase in patient numbers. This would in turn
place a significant burden on patients and healthcare
systems.

In summary, there is emerging evidence that
COVID-19 is leading to seemingly unrelated clini-
cal conditions long after the infection has resolved.
This may have far-reaching health effects, which are
largely unknown at the present time. The overall
aim of this study is to examine whether COVID-
19 is associated with an increased risk of new-onset
dementia following COVID-19 infection.

METHODS

Database

This study is based on data from the IQVIATM

Disease Analyzer electronic medical record database.
The Disease Analyzer database contains longitudi-
nal prescription (Anatomical Therapeutic Chemical
[ATC] classification system) and diagnosis (Inter-
national Classification of Diseases, 10th revision
[ICD-10]) data from a national sample of office-based
physicians (general practitioners and specialists) in
Germany. Coverage is about 3% of outpatient prac-
tices in Germany and the database also includes basic
demographic variables about patients. IQVIA obtains
this information in anonymous format and monitors
the quality of the reported data on a regular basis using
various criteria (e.g., completeness of documenta-
tion, linkage between diagnoses and prescriptions).
In 2018, Rathmann et al. demonstrated the validity
of the Disease Analyzer database and showed that it
is representative of general and specialized practices
in Germany [14]. The database has already been used
in previous studies focusing on dementia [15–17] and
COVID-19 [5, 18, 19]. Previous research has reported
that GP consultations initially decreased in 2020 but
this decline was compensated in 2021. The database
was considered appropriate for studies on the effects
of the pandemic on health outcomes [20].

Study population

This retrospective cohort study included patients
aged ≥ 65 with an initial and confirmed diagno-
sis of COVID-19 (ICD-10: U70.1, U08.9) or with
a confirmed diagnosis of acute upper respiratory
infection (AURI) (ICD-10: J06, J20–J22) between
January 2020 and November 2021. AURI patients
were selected as positive controls in order to control
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Fig. 1. Selection of study patients and patient flow.

for mechanisms associated with the acute infection
episode. The maximum follow-up period was until
May 2022. The EMR data used came from a total
of 1,293 general practitioner (GP) practices in Ger-
many (index date; Fig. 1). Several inclusion criteria
were applied for both cohorts: First, patients had an
observation period of at least 6 months after the index
diagnosis in the database. Second, patients were aged
65 years or older on the index date. Third, patients had

no record of dementia diagnosis prior to or on the
index date. Finally, patients had not been diagnosed
with COVID-19 within 365 days before the index
date and there was no overlap between the COVID-
19 group and the AURI group. Patients who met the
inclusion criteria were assigned to their respective
patient cohort. The index date and associated index
quarter was the date when the COVID-19 or AURI
diagnosis was made, respectively. Subsequently,
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patients in the AURI cohort were matched 1 : 1
with patients in the COVID-19 cohort using propen-
sity scores based on sex, age group, index quarter
(Q1 2020–Q4 2021), health insurance type (private
health insurance or not), number of doctor vis-
its, and comorbidities (diabetes [ICD10: E10, E11,
E14], hypertension [I10], stroke including transient
ischemic attack [I63, I64, G45], depression [F32,
F33], intracranial injury [S06], and mild cognitive
impairment (MCI) [F06.7]). The number of doctor
visits is defined as the number of visits between the
index date and dementia diagnosis or loss to follow-
up. The comorbidities selected were conditions that
are established risk factors which may give rise to an
increased risk of developing dementia [21].

Study outcomes and variables

The main outcome of the study was the incidence
rate of dementia (vascular dementia, unspecified
dementia, and Alzheimer’s disease, ICD-10: F01,
F03, G30) in 1,000 person-years. In addition, the
cumulative incidence of dementia within up to 12
months of the index date was computed.

Statistical analyses

Incidence rates of newly-diagnosed dementia were
calculated using the person-years method. Kaplan-
Meier curves and corresponding log rank tests were
used to assess the cumulative incidence of demen-
tia in patients with previous COVID-19 infection
or with AURI diagnosis within up to 12 months of
the index date. In addition, Poisson regression mod-
els were used to compute the incidence rate ratios
(IRR). As part of this process, differential exposure
times via offset were considered and marginal models
were estimated based on the generalized estimat-
ing equations method to account for the correlation
of observations within a matched pairs relationship.
Additionally, we conducted a sensitivity analysis as
Poisson regression was adjusted for physician ID to
reflect the possible effect of physician on dementia
diagnosis.

p-values < 0.05 were considered statistically sig-
nificant. Analyses were carried out using SAS version
9.4 (SAS Institute, Cary, NC).

RESULTS

The present study included a total of 16,258
matched patients, comprised of 8,129 patients with

Table 1
Baseline characteristics of COVID-19 patients and AURI patients

after (1 : 1) matching

Variable Covid-19 AURI
cohort cohort

(n = 8,129) (n = 8,129)

Age at baseline (Mean, SD) 75.1 (7.8) 74.9 (7.6)
Age 65–70 36.6% 36.6%
Age 71–80 37.8% 37.8%
Age 81+ 25.6% 25.6%
Female 58.9% 58.9%
Male 41.1% 41.1%
Private health insurance 6.1% 6.1%
Diagnoses prior to index date
Hypertension (I10) 70.9% 70.9%
Diabetes mellitus (E10, E11, E14) 31.4% 31.4%
Stroke incl. TIA (I63, I64, G45) 5.5% 5.5%
Depression (F32, F33) 23.2% 23.2%
Mild cognitive impairment (F06.7) 0.2% 0.2%
Intracranial injury (S06) 0.4% 0.4%
Epilepsy (G40, G41) 0.5% 0.5%
Index quarter of Covid-19 or AURI
Q1 2020 0.4% 0.4%
Q2 2020 5.4% 5.4%
Q3 2020 2.3% 2.3%
Q4 2020 29.6% 29.6%
Q1 2021 28.6% 28.6%
Q2 2021 17.3% 17.3%
Q3 2021 5.4% 5.4%
Q4 2021 11.0% 11.0%

a documented COVID-19 diagnosis during the study
period and 8,129 matched patients in the AURI con-
trol cohort (Table 1). After 1 : 1 propensity-matching,
the baseline characteristics of the study cohorts,
including patient demographics and comorbidities,
were well balanced. The average patient age on the
index date was 75.1 years (SD 7.8 years) in the
COVID-19 cohort and 74.9 years (SD 7.6 years) in
the AURI patient cohort.

In terms of age categories, 36.6% of patients were
aged 65–70 years on the index date, while 37.8%
of patients were 71–80 years old. About one in four
patients were 81 years or older on the index date. The
number of female patients was higher in both cohorts
(58.9%). The majority of patients were covered by
statutory health insurance (93.9%).

The most common comorbidity in the study
cohorts was hypertension (70.9%), followed by dia-
betes mellitus (31.4%) and depression (23.2%).
About one in twenty patients had a history of stroke
(5.5%). Epilepsy, intracranial injury, and MCI were
less prevalent, occurring in 0.5%, 0.4%, and 0.2% of
patients, respectively (see Table 1). Over half (58.2%)
of COVID-19 infections were recorded between
October 2020 and March 2021 (Q4 2020–Q1 2021)
and a further 17.3% of cases in Q2 2021, making these
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Fig. 2. Cumulative incidence of dementia in patients with COVID-19 or AURI within 12 months of the index date.

Table 2
Incidence rate ratio for dementia after COVID-19 infection or AURI and incidence rate of

dementia in 1,000 person years

Incidence Univariable Poisson Poisson regression
rate in 1,000 regression analysis adjusted
person years analysis for physician

COVID-19 AURI Incidence rate p Incidence rate p
cohort cohort ratio (95% CI) ratio (95% CI)

Dementia 19.7 18.8 1.05 (0.85–1.29) 0.653 1.03 (0.84–1.28) 0.753
By sex
Female 23.3 19.8 1.17 (0.91–1.51) 0.221 1.16 (0.89–1.50) 0.274
Male 14.6 17.2 0.85 (0.60–1.21) 0.362 0.83 (0.58–1.20) 0.331
By age group
Age 65–70 3.0 3.0 1.00 (0.42–2.41) 0.995 0.93 (0.38–2.24) 0.866
Age 71–80 16.7 15.1 1.11 (0.77–1.59) 0.583 1.08 (0.74–1.58) 0.687
Age 81+ 48.2 46.9 1.03 (0.79–1.34) 0.837 1.03 (0.79–1.35) 0.804

three quarters the periods with the highest COVID-19
infection incidence rates. The mean follow-up time
was 404 days (SD 140 days) in the COVID-19 cohort
and 407 days (SD 142 days) in the AURI cohort.
The number of doctor visits during follow-up (until
dementia diagnosis or loss to follow-up) was 16.0
(SD 12.9) and 15.8 (SD 12.2) in the COVID-19 and
AURI cohorts, respectively.

After 12 months of follow-up, 1.84% of the
COVID-19 patients and 1.78% of the AURI patients
had been diagnosed with dementia (Fig. 2). Pois-
son regression models were prepared, resulting in an
IRR of 1.05 (95% CI: 0.85–1.29). Table 2 shows the
results of the Poisson regression. The incidence rate
of dementia in 1,000 person-years was 19.7 in the
COVID-19 cohort and 18.8 in the AURI cohort. The
models also showed that the incidence rate for demen-
tia was higher for females in both study groups, but
this effect was not significant. The incidence rate was
higher in female patients with previous COVID-19

infection than in female patients with AURI (23.3
versus 19.8 in 1,000 person-years, IRR 1.17 (95%
CI: 0.91–1.51)), but this correlation was reversed in
men (14.6 versus 17.2 in 1,000 person-years, IR 0.85
(95% CI: 0.60–1.21)). The incidence rate was higher
with increasing age in both study cohorts (Table 2).

DISCUSSION

Main findings

This retrospective cohort study examined the one-
year incidence of newly-diagnosed dementia cases
in patients with confirmed COVID-19 diagnoses fol-
lowing the index infection, compared with the AURI
patient group. Our data do not support the hypothe-
sis that COVID-19 infection leads to an increase in
the incidence of dementia in the year following the
index infection. This result is contrary to the find-
ings of research conducted by Taquet et al. (2021).
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In their study, the increased risk of developing demen-
tia was found to be two times higher in the COVID-19
group than in the control group. Taquet and col-
leagues propose that a proportion of the dementia
diagnoses may represent misdiagnoses of patients
who presented with delirium or short-term cognitive
impairments [13]. Indeed, COVID-19 infection has
repeatedly been reported to be associated with cog-
nitive impairment [21], delirium [13], a dementia-like
presentation [22], and so-called “brain fog” post-
COVID [23]. This highlights the need to differentiate
clearly between dementia-like cognitive symptoms,
which are transient and reversible in nature, and a
diagnosis of dementia, which is a progressive disease
involving irreversible neurocognitive and behavioral
changes. Diagnosis of the latter can be challenging
and is clinically based on thorough assessment and
FDG PET brain imaging.

This issue is further complicated by the fact that
the COVID-19 pandemic and the related lockdown
caused a significant disruption to routine health care
processes and reduced patient utilization of health-
care offerings [24]. This had considerable effects on
the number of admissions and on preventive and
therapeutic care, and also led to a decline in new
diagnoses, including new dementia diagnoses, at the
height of the pandemic [25]. Consequently, the inci-
dence of dementia appears to be declining in some
countries such as Sweden [26] and Germany [25],
with a respective decline of 20% (nationally in 2020)
and 13% (February–May 2020 for general practition-
ers). Given that the worldwide prevalence of dementia
cases is increasing, however, such trends are a mis-
representation of the actual disease burden.

Freudenberg-Hua et al. (2022) reported an
increased 1-year incidence rate of post-COVID
dementia in adults aged 65 + [13]. Their retrospec-
tive cohort analysis was based on electronic health
records from a US integrated academic health sys-
tem. The group reported a 1-year incidence rate of
12.7% for post-COVID dementia. This incidence rate
exceeds the incidence rate reported by Taquet et al.
who report an incidence rate of 2.7% [27] and 1.6%
[28] for post-COVID dementia at 6 months and 12
months, respectively (in patients aged 65 + years).
One possible explanation for the high incidence
rate in the Freudenberg-Hua (2022) study may lie
in their definition of a new diagnosis of demen-
tia. Freudenberg-Hua and colleagues (2022) defined
new dementia cases not just based on a record of
a new dementia diagnosis, but also based on inci-
dent use of donepezil or other cognitive enhancers.

Comparability between Freudenberg-Hua et al.
(2022) and the research reported herein is fur-
ther reduced by that fact that Freudenberg-Hua and
colleagues only included patients who were hos-
pitalized with COVID-19 and thus focused on a
severely affected patient cohort. Due to these sig-
nificant methodological differences, the results of
Freudenberg-Hua et al. (2022) and Taquet et al.
(2021) cannot be compared directly to our study.

The work of Freudenberg-Hua et al. (2022) raises
the question of whether the severity of the COVID-
19 infection modulates/plays a role in the context
of dementia incidence. It may be hypothesized that
a severe COVID-19 disease trajectory could exac-
erbate disease mechanisms which might increase
the risk of developing dementia. The theory of a
modulatory effect is indeed supported by Taquet
and colleagues (2021). Using the same database
described above, the group also investigated the
6-month incidence for several disease conditions,
including dementia [27], compared to propensity-
score matched patients with influenza and other
respiratory diseases. Taquet et al. (2021) report a
significantly increased 6-month incidence for demen-
tia post-COVID compared to patients with influenza
and with respiratory diseases (including influenza).
Notably, dementia incidence was generally moderate,
amounting to 2.7% in patients aged 65 + years within
6 months after index diagnosis. The group also inves-
tigated whether the risk of developing post-COVID
dementia was modulated by the presence of one the
following factors during the COVID infection: 1) hos-
pitalization, 2) admission to intensive therapy unit
(ITU), or 3) presentation with delirium. All three
factors were significantly associated with increased
hazard ratios for developing post-COVID demen-
tia. The strongest effect was observed for patients
who experienced delirium, followed by hospitaliza-
tion and ITU admission.

In addition to the strengths of this retrospective
cohort study, which include the large sample size,
nationwide coverage, and the fact that there is no
recall bias thanks to the use of EMR data, the work
is also subject to several limitations, especially of
the database, which also need to be mentioned. First,
patients with COVID-19 infection who were not diag-
nosed by their GP, but instead in a COVID-19 test
center or hospital were only captured if the infection
was recorded by their GP. Second, the database does
not include detailed information about hospitaliza-
tions, as the Disease Analyzer database only includes
information recorded in the primary care setting of
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office-based physicians. Data from specialists or hos-
pitals are only available if the GP records the data for
the patients. This fact might have led to a strong infor-
mation bias, as the proportion of COVID-19 patients
treated in hospitals may be much higher than that of
AURI patients. However, we assume that most of the
study patients had a rather mild COVID-19 infection
as they were diagnosed or followed in GP offices.
Although many COVID-19 patients were included
in the study, no information on SARS-CoV-2 infec-
tion severity was available. It has been suggested
that the severity of SARS-CoV-2 infection could
impact post-infection cognitive decline in COVID-
19 survivors [29–31]. Furthermore, mild cognitive
impairment diagnoses, which are known to be the
main risk factor for dementia, are strongly underesti-
mated in the health care sector [32, 33]. Although we
cannot rule out the possibility that some patients have
undiagnosed MCI, we assume that the proportion of
such patients should not differ between the two study
cohorts. Moreover, cognition level at baseline was not
available in the database and could not be included in
matching. Finally, the database contains electronic
medical records from GPs only, meaning that no
information was available on diagnosis methods.

It is clear that understanding the relationship
between COVID-19 infection and the risk of devel-
oping dementia is a topic that is of great importance
for the global health burden. Dementia has become
a global health challenge worldwide and is ranked
among the top ten leading causes of death world-
wide. In light of this fact, even a small increase in
dementia incidence due to COVID-19 would have far-
reaching effects on the health of millions of people
as well as on healthcare systems and the global econ-
omy. To date, only a few studies have investigated
post-COVID dementia incidence. While two research
groups have reported an increased risk of developing
dementia, the incidence rates reported vary consider-
ably, and methodological differences make it difficult
to delineate individual factors that might influence
the reported change. The severity of the COVID-19
infection might have a modulatory role, and this topic
needs to be examined further. The present study did
not find any association between COVID-19 infec-
tion and new-onset dementia after controlling for all
common risk factors for dementia. Because dementia
is a progressive disease, which can be difficult to diag-
nose, a longer follow-up period might offer a better
insight into a possible association between COVID-
19 infection and an increased incidence of dementia
cases in the future.
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