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associated with significantly higher mortality
in geriatric patients hospitalized with COVID-19:
data from the StockholmGeroCovid project

Juraj Secnik!?", Maria Eriksdotter'3, Hong Xu'#, Martin Annetorp', on behalf of the SweGeroCOVID Project,
Aleksander Rytarowski', Kristina Johnell, Sara Higg* and Dorota Religa'”

Abstract

Background Dementia and psychotropic medications are discussed as risk factors for severe/lethal outcome of the
coronavirus disease 2019 (COVID-19). We aimed to explore the associations between the presence of dementia and
medication use with mortality in the hospitalized and discharged patients who suffered from COVID-19.

Methods We conducted an open-cohort observational study based on electronic patient records from nine geriatric
care clinics in the larger Stockholm area, Sweden, between February 28, 2020, and November 22, 2021. In total, we
identified 5122 hospitalized patients diagnosed with COVID-19, out of which 762 (14.9%) patients had concurrent
dementia and 4360 (85.1%) were dementia-free. Patients’ age, sex, baseline oxygen saturation, comorbidities, and
medication prescription (cardiovascular and psychotropic medication) were registered at admission. The hazard ratios
(HRs) with 95% confidence intervals (Cls) of in-hospital, 30-day, 90-day, 365-day post-discharge, and overall mortal-
ity during the follow-up were obtained. Then, the associations of dementia and medication use with mortality were
determined using proportional hazards regression with time since entry as a time scale.

Results After adjustment, dementia was independently associated with 68% higher in-hospital mortality among
COVID-19 patients compared to patients who were dementia-free at admission [HRs (95% Cl) 1.68 (1.37-2.06)]. The
increase was consistent post-discharge, and the overall mortality of dementia patients was increased by 59% [1.59
(1.40-1.81)]. In addition, the prescription of antipsychotic medication at hospital admission was associated with a 70%
higher total mortality risk [1.70 (1.47-1.97)].

Conclusions The clinical co-occurence of dementia and COVID-19 increases the short- and long-term risk of death,
and the antipsychotics seem to further the risk increase. Our results may help identify high-risk patients in need of
more specialized care when infected with COVID-19.
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Introduction

The pandemic caused by the SARS-CoV-2 virus has led to
more than 641 million cases and 6.6 million deaths as of
December 7, 2022, with the omicron variant and its sub-
variant BA.5 dominant worldwide [1, 2]. Fortunately, the
current trend in confirmed cases as well as deaths contin-
ues to decrease across the whole world [1]. In the Nordic
countries, Sweden has taken a different approach to con-
taining the spread of COVID-19, especially in the earliest
stages, advocating mitigation of spread and recommen-
dations, not direct lockdown measures [3]. The approach
was scrutinized due to higher mortality in the first and
second waves compared to the neighboring Nordic coun-
tries; however, it is not clear whether this was due to dif-
ferences in the measures themselves [4].

Importantly, multiple contributors for severe COVID-
19 outcomes have been identified (e.g., diabetes, hyper-
tension, cardiovascular, and oncological burden) [5].
Dementia is an established predictor for higher mortal-
ity worldwide [6], and the patients may constitute a par-
ticularly high-risk subpopulation for both contracting the
infection [7, 8] and complications of COVID-19 [9, 10].
This is likely due to a higher comorbidity burden [11], a
higher susceptibility towards pneumonia [12], and the
inability to comply with safeguarding measures, such as
social distancing [8]. However, the associations between
dementia and mortality risk in COVID-19 patients have
been less consistent in the initial stages of the pandemic
[5, 13]. Furthermore, the mortality studies suffer from
significant heterogeneity in both statistical methods as
well as the studied survival intervals. With a long-term
follow-up of dementia patients who survived COVID-
19 still scarce, and the expected worsening of cognitive
decline not yet quantified, there is a further need for
high-quality longitudinal studies.

Moreover, due to lockdown procedures and social iso-
lation, the increases in neuropsychiatric symptom burden
[14] and caregiver strain [15] likely contribute to higher
psychotropic medication use during the pandemic [16].
The role of these medications, specifically antipsychot-
ics in the COVID-19 setting, is controversial with both
beneficial [17, 18] and negative findings reported [19, 20].
While the research on psychotropic treatments in demen-
tia patients is still infrequent, emerging evidence shows
increases in the overall use of antipsychotic medications
[16, 21] and higher mortality risks [22].

Long-term monitoring of the survival and cognitive
functioning in dementia patients will be necessary to
gauge the overall impact of the COVID-19 pandemic.

Our group has previously shown that frailty may drive
the higher risk of in-hospital mortality [23], which may
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have confounded the associations with dementia in previ-
ous research. In the current study, we aimed to investigate
whether dementia diagnosis and psychotropic treatment
(particularly antipsychotics) at hospital admission are
independently associated with increased short- and long-
term mortality among COVID-19 patients in Sweden.

Material and methods

Study design and study population

This was an open-cohort study based on patient data
from the TakeCare electronic patient record system.
The study base comprised 34,111 patients hospitalized
in one of the nine geriatric clinics in Stockholm, Sweden
(Theme Aging Karolinska University Hospital, Nacka
sjukhus, Dalengeriatriken, Stockholms sjukhem, Lowet-
geriartiken, Sollentunageriatriken, Sabbatsbergsgeri-
atriken, Handens sjukhus, and Jakobsbergsgeriatriken)
during the period of October 18, 2019, to November 26,
2021. The earliest date of admission was left-truncated
from February 28, 2020, and only patients hospitalized
with COVID-19 diagnosis were included (as main or
contributory diagnosis), and only the first hospitaliza-
tion was considered. The final sample comprised 5122
patients, where 762 (14.9%) patients had dementia diag-
nosis at entry and 4360 (85.1%) were dementia-free (see
Supplementary Fig. 1).

COVID-19 diagnosis

Patients were assigned COVID-19 diagnosis if the
patient records contained the ICD-10 code for confirmed
(U07.1) or suspected (U07.2) COVID-19 infection. The
presence of the SARS-CoV-2 virus was confirmed by the
reverse transcriptase-polymerase chain reaction from the
nasopharyngeal swabs as explained in detail in a previous
article from our group [23].

Dementia diagnosis

Dementia was assigned, if the electronic patient records
contained either the ICD-10 codes F00-F04, FO51, G30,
G31, and A081 or the patient had been dispensed anti-
dementia medication (ATC codes NO6DA, N06DX01) at
the time or prior to the first admission to the hospital.

Medication

Prescriptions of beta blockers (ATC code C07), calcium-
channel blockers (C08), renin-angiotensin-aldosterone
system inhibitors (C09), statins (C10AA), antithrombotic
medication (B01), antipsychotics (NO5A), anxiolytics (NO5B),
hypnotics/sedatives (NO5C), and antidepressants (NO6A)
were considered at admission or admission + 1 day.
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Confounders

Patients’ age, sex, comorbidities, and oxygen saturation in
% (SpO,%) assessed at admission were extracted from the
patient records. Attained comorbidities defined by the
ICD-10 codes in the patient records were summarized in
the form of the Charlson Comorbidity Index (CCI) [24],
using the algorithm specified by Quan et al. [25].

The first, second, and third waves of COVID-19 were
arbitrarily divided by the admission dates prior to and
including August 31, 2020 (first wave); between Septem-
ber 1, 2020, and February 28, 2021 (second wave); and
after February 28, 2021 (third wave).

Mortality

In-hospital, post-discharge mortality (divided into
30-day, 90-day, 365-day, and overall post-discharge
strata) and the total mortality that occurred during the
follow-up were obtained from the patient data. When
COVID-19 diagnosis was established, we considered all
deaths to be due to COVID-19 infection. The follow-up
for each patient started on the day of admission and was
counted until either death or November 26, 2021—the
end of the study follow-up. In the post-discharge mor-
tality data, the analyses were performed on survivors of
hospitalization.

Statistical analysis

Age, points of CCI, and duration of hospitalization were
analyzed as scale variables (were not categorized). All the
other variables in the models were analyzed as binary/
multicategory variables. For baseline comparisons, chi-
square (categorical wvariables), independent-samples
t-test (scale variables normally distributed), and Mann-
Whitney U-test (non-parametric equivalent of ¢-test)
were used to determine significant differences between
the cohorts. The time from admission of the first hospi-
talization with COVID-19 diagnosis to death or end of
study follow-up was used to determine total survival. The
time-stratified analyses in survivors were censored on the
discharge, 30-day, 180-day, and 365-day post-discharge as
appropriate.

Survival was assessed as follows. First, we compared the
crude mortality rates and mortality rate ratios between
the COVID-19-positive patients with and without
dementia in the overall follow-up as well as divided by
COVID-19 wave strata. Second, Cox proportional haz-
ards regression was used to determine the hazard ratios
of dementia diagnosis and antipsychotic use on mortal-
ity, with increasing level of adjustment. In the unadjusted
model, the variables were entered into the equation
separately; model 1 was adjusted for dementia, antipsy-
chotics, age, sex, and CCI categories, while model 2 was
further adjusted for SpO2 at admission and prescription

Page 3 of 11

of statins, hypnotics, and sedatives at admission or day
after admission. Proportionality of hazards assumption
was assessed by introducing interaction-with-time terms
in the models for each variable. If the assumption was not
fulfilled, the results were presented as baseline and inter-
action effect for the variable. Time scale was time since
entry in all models.

Furthermore, we performed multivariate Cox models
of the association between dementia and total mortal-
ity in the strata of age groups, sex, and COVID-19 wave
and between antipsychotic usage and mortality among
dementia and dementia-free patients to test potential
effect modification.

Data were analyzed using Stata v16 (Stata Statistical
Software: Release 16. StataCorp LLC, College Station,
TX) and R version 4.0.0 [26]. The threshold for signifi-
cance was set at a level <0.05.

Results

Baseline characteristics

COVID-19 was the main cause of hospitalization in both
dementia and dementia-free (82.7 vs 86.1%, p for over-
all difference <0.001), with other causes less frequent
(Table 1). At admission, the patients with COVID-19 and
dementia were older than dementia-free patients (84.3
vs 82.1 years). Moreover, the COVID-dementia group
presented more frequently with oxygen saturation lower
than 90% (8.6% vs 5.8%), while the comorbidity burden
was distributed in the higher categories (21.0% vs 29.8%
with CCI 2-3 points) in the dementia-free group. Moreo-
ver, the use of antihypertensive therapy was less frequent
in patients with COVID-19 and dementia, while the use
of antipsychotic (26.1% vs 8.3%), antidepressant (37.8% vs
23.9%), anxiolytic (39.9% vs 25.2%), and hypnotic/seda-
tive (55.8% vs 47.5%) therapy was conversely more preva-
lent in COVID-19 and dementia patients.

Mortality and the association with dementia

and antipsychotic medication

The baseline differences between the deceased versus
survivors are summarised in Supplementary Table 1.
Mortality rates in the dementia group were significantly
higher across all time frames, with the overall mortal-
ity rate ratio of 1.88 compared to dementia-free patients
with COVID-19. The largest difference in mortality was
observed in the second COVID-19 wave, where the risk
ratio was 2.39 (Fig. 1 and Supplementary Table 2).

In the multivariate analyses, dementia was associated
with a 59% higher risk of total mortality during the fol-
low-up [1.59 HR (95% CI 1.40-1.81)] when adjusting for
all confounders (Table 2). Within the specific time strata,
dementia was associated with 69% higher in-hospital
mortality, 40% higher 30-day, 50% higher 90-day, 49%
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Table 1 Baseline characteristics of patients with COVID-19 by dementia status
COVID-19 yes (first admission with COVID-19)
Dementia (762) Dementia-free (4360) p

Age at admission, years 84.3 (74) 82.1(8.6) <0.001
Age group <70 24 (3.1%) 335 (3.1%) <0001

70-79 67 (21.9%) 1354 (31.1%)

80-89 362 (47.5%) 1729 (39.7%)

>89 209 (27.4%) 942 (21.6%)
Male sex 345 (45.3%) 2080 (47.7%) 0.22
CCl group 0-1 points 572 (75.1%) 2576 (59.1%) <0.001

2-3 points 160 (21.0%) 1298 (29.8%)

>3 points 30 (3.9%) 486 (11.1%)
SpO, >90% 688 (90.3%) 4050 (92.9%) 0.004

<90% 65 (8.6%) 252 (5.8%)

Missing 9 (1.1%) 58 (1.3%)
Beta blockers 311 (40.8%) 2283 (52.4%) <0.001
Ca2+ channel blocker 92 (25.2%) 1354 (31.1%) 0.001
RAAS inhibitors 280 (36.7%) 2259 (51.8%) <0.001
Statins 266 (34.9%) 1881 (43.1%) <0.001
Antithrombotics 729 (95.7%) 4210 (96.6%) 0.22
Antipsychotics 99 (26.1%) 363 (8.3%) <0.001
Antidepressants 288 (37.8%) 1043 (23.9%) <0.001
Anxiolytics 304 (39.9%) 00 (25.2%) <0.001
Hypnotics/sedatives 425 (55.8%) 2073 (47.5%) <0.001
COVID-19 wave First wave 313 (41.1%) 1555 (35.7%) <0.001

Second wave 328 (43.0%) 1768 (40.6%)

Third wave 21 (15.9%) 1037 (23.8%)
Main cause of hospitalization COVID-19 630 (82.7%) 3756 (86.1%) <0.001

Cardiovascular 11 (1.4%) 123 (2.8%)

Respiratory 8 (2.4%) 113 (2.6%)

Neurological 58 (7.6%) 61 (1.4%)

External (trauma, poison) 20 (2.6%) 80 (1.8%)

Others 25 (3.3%) 227 (5.2%)
Hospitalization duration, days 10.8 (6.8) 10.0 (6.9) 0.023
Discharged to home 316 (41.5%) 2904 (66.6%) <0.001
In-hospital mortality 154 (20.2%) 394 (9.0%) <0.001
Post-discharge mortality 30-day 73 (9.6%) 340 (7.8%) 0.097

90-day 108 (14.2%) 466 (10.7%) 0.006

365-day 166 (21.8%) 721 (16.5%) 0.001

Overall 183 (24.0%) 796 (18.3%) <0.001
Total mortality (in-hospital + post-discharge) 337 (44.2%) 1190 (27.3%) <0.001

Age at admission is described as mean (SD). Other variables are described as n (%); SpO2 refers to the first oxygen saturation recorded during hospitalization. Attained
comorbidities were recorded at admission and medication use was recorded at admission or at admission + 1 day. COVID-19 waves were divided based on dates—
August 31, 2020 (first and second wave) and February 28, 2021 (second and third wave). Comparisons for scale variables across the dementia strata were performed
using the independent-samples t-test (age at admission) and Mann-Whitney U-test (hospitalization duration). The chi-square test was used in all other descriptive

analyses

CCl Charlson Comorbidity Index, RAAS renin-angiotensin-aldosterone system

higher 365-day mortality, and 47% higher overall post-
discharge mortality compared to dementia-free patients
(Table 3). Furthermore, the use of antipsychotic medica-
tion at admission to hospital was associated with a 70%

increase in total mortality [1.70 (1.47-1.97)]. Within the
time strata, the antipsychotic use was associated with
3.58x higher in-hospital mortality at the day of admis-
sion [3.58 (2.43-5.26)] with the aggregate risk decrease of
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Fig. 1 Kaplan-Meier cumulative survival curves during hospitalization and total follow-up by dementia status. Survival refers to overall survival

during the whole follow-up

Table 2 Risk of death during the whole follow-up in relation to dementia in patients hospitalized with COVID-19

Patients with COVID-19 (n=5122)—hazard ratios (95% Cl)

Unadjusted model

Model 1

Model 2

Dementia
Age group

Male sex

CCl group

5p0,

Beta blockers

Ca2+ channel blocker
RAAS inhibitors
Statins
Antithrombotics
Antipsychotics

Antidepressants
Anxiolytics
Hypnotics/sedatives

<70

70-79

80-89

>89

Baseline effect
Male x time®
0-1

2-3

>3

Baseline effect

SpO2 x time®

Baseline effect

Antipsychotics x time?

>90%
<90%

1.83 (1.62-2.06)**
0.73 (0.54-0.99)*

Reference

1.84 (1.61-2.12)**
2.81(243-3.24
1.33(1.18-1.51
0.99 (0.99-0.99)*
Reference

147 (1.31-1.64)**
2.31 (2.00-2.66)**
Reference

3.14 (2.60-3.81)**
0.99 (0.99-0.99)**

*%

XK

)
)
)
)

)

( )
1.28 (1.15-1.41)**
0.81(0.73-0.91)**
0.86 (0.78-0.95)*
0.71 (0.63-0.78)**
1.13(0.86-1.48)
2.14(1.82-2.51)*
0.99 (0.99-0.99)**
1.16 (1.04-1.29)*
1.37 (1.23-1.52)**
1.35 (1.22-1.49)**

1.67 (1.47-1.90)**

0.74 (0.55-1.01)
Reference

1.83 (1.59-2.10)**
3.02 (2.61-3.50)**
1.35(1.21-1.49)**

Reference

1.50 (1.34-1.68)**
2.50 (2.17-2.90)**

1.92 (1.67-2.20)**

1.59 (1.40-1.81)**
0.75(0.56-1.02)
Reference

1.83 (1.58-2.10)**
290 (249-3.37
1.55(1.37-1.76
0.99 (0.99-0.99)*
Reference

152 (1.35-1.71)**
256 (221-2.97)**
Reference

3.00 (247-3.63)**
0.99 (0.99-0.99)**

*%

*¥

)
)
)
)

0.73 (0.65-0.81)**

1.70 (1.47-1.97)**

1.18 (1.05-1.32)*
1.15 (1.04-1.28)*

2 Sex, Sp0,, and antipsychotic use violated the proportionality of hazards assumption in some models—presented as interaction mode where appropriate.
Interaction with time represents the incremental change in the probability of death with advancing days of survival from the baseline probability; *p-value <0.05;
**p-value <0.001. In the unadjusted model, the variables were entered into the equation separately; model 1 was adjusted for dementia, antipsychotics, age, sex,
and CCl categories, while model 2 was further adjusted for SpO2 at admission and prescription of statins, hypnotics, and sedatives at hospital admission or day after
admission. Results are based on the Cox regression models
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Table 3 Risk of in-hospital, 30-day, 90-day, 365-day, and total post-discharge mortality in relation to dementia

usage in patients with COVID-19
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and antipsychotic

Patients with COVID-19—hazard ratios (95% Cl)

Unadjusted model

Model 1

Model 2

In-hospital mortality
Dementia

Antipsychotics Baseline effect

Antipsychotics x time®

30-day post-discharge mortality
Dementia
Antipsychotics

90-day post-discharge mortality
Dementia
Antipsychotics

365-day post-discharge mortality
Dementia
Antipsychotics

Overall post-discharge mortality
Dementia
Antipsychotics

211 (1.75-2.54)**
5.25(3.67-751)**
0.92 (0.89-0.96)**

1.61 (1.25-2.08)**
1.54 (1.15-2.06)*

71 (1.39-2.11)**
1.59 (1.25-2.03)**

1.62 (1.37-1.92)**
1.56 (1.28-1.90)**

1.54 (1.31-1.81)**
146 (1.21-1.76)**

1.81 (1.48-2.20)**
4.67 (3.25-6.72)**
0.93 (0.90-0.97)**

146 (1.12-191)*
1.60 (1.18-2.16)*

1.58 (1.27-1.97)**
1.63 (1.26-2.10)**

1.56 (1.30-1.86)**
62 (1.33-1.99)**

1.52(1.28-1.80)**
1.52 (1.26-1.84)**

1.69 (1.38-2.07)**
3.58 (2.43-5.26)**
0.95 (0.91-0.98)*

1.40 (1.07-1.83)*
149 (1.09-2.04)*

1.50 (1.20-1.87)**
148 (1.13-1.92)*

149 (1.25-1.78)**
1.46 (1.19-1.80)**

1.47 (1.25-1.74)**
1.39 (1.14-1.70)*

2 Sex, SpO,, and antipsychotic use violated the proportionality of hazards assumption in some models—presented as interaction mode where appropriate. *p-value
<0.05; **p-value <0.001. In the unadjusted model, the variables were entered into the equation separately; model 1 was adjusted for dementia, antipsychotics, age,
sex, and CCl categories, while model 2 was further adjusted for SpO2 at admission and prescription of statins, hypnotics, and sedatives at hospital admission or day
after admission. Results are based on the Cox regression models

5% per day of hospitalization [interaction with time 0.95  Subgroup analyses

(0.91-0.98)]. In addition, antipsychotics were also asso-  In addition, the mortality risk associated with dementia
ciated with 49% higher 30-day, 48% higher 90-day, 46%  was different across age and sex strata—the interaction
higher 365-day, and 39% higher overall post-discharge terms of dementia with age and sex were statistically sig-
mortality (Table 3). nificant. Younger patients with dementia and male patients

Table 4 Overall mortality risk associated with dementia across the age, sex, and COVID-19 wave and antipsychotics in dementia

Patients with COVID-19—hazard ratios (95% Cl)

Interaction: dementia vs.
age, sex, wave, antipsy-

Strata: age, sex, wave Dementia vs dementia-free

Fully adjusted

chotics

Age groups Age <70 447 (1.96-10.2)** 0.82 (0.70-0.97)*
Age 71-80 1.76 (1.28-2.43)*
Age 81-90 1.77 (1.47-2.14)**
Age >90 21(0.97-1.51)

Sex Women 1.49 (1.23-1.79)** 1.29 (1.01-1.64)*
Men 1.76 (1.47-2.11)%*

COVID-19 wave First 1.37 (1.13-1.65)* 1.09 (0.91-1.31)
Second 1.96 (1.61-2.40)**
Third 1.30 (0.86-1.96)

Strata: dementia Antipsychotics users vs non-users

Dementia No 1.80 (1.50-2.16)** 0.91(0.68-1.22)

Yes 142 (1.11-1.84)%

The fully adjusted model included age at admission (in sex analyses); sex (in age analyses); comorbidity; oxygen saturation; use of statins; antipsychotic, anxiolytic,
and hypnotic/sedative medication; and dementia. The interactions of dementia status with COVID-19 waves and antipsychotic usage were not considered statistically
significant on the a level of 0.05; *p-value<0.05; **p-value<0.001
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with dementia suffered from significantly higher mortal-
ity rates compared to their older and female counterparts,
respectively (Table 4). Finally, the antipsychotic drug use
was associated with similar mortality risks among the
strata of dementia and dementia-free patients (Table 4).

Discussion

In this large cohort of geriatric patients hospitalized with
COVID-19 infection in Stockholm, Sweden, the presence
of dementia was associated with significantly higher in-
hospital, short-term and long-term mortality compared
to patients without dementia. Moreover, the prescription
of psychotropic medication—particularly antipsychot-
ics—was correlated with significantly higher mortality.

Dementia comprises multiple layers of pathology, clini-
cal presentations, and prognoses; therefore, the outcome
of COVID-19 infection may significantly vary among
individual patients in the dementia spectrum, and the
information on specific dementia diagnoses is currently
insufficient. Importantly, multiple studies concur with
the increased risk of mortality among dementia patients.
However, the magnitude varies substantially—while the
early report from Zheng et al. did not recognize dementia
as a major prognostic factor [5], 2020 reviews by Izcovich
and colleagues and July and colleagues reported 1.54x
and 1.80x increase in mortality associated with demen-
tia, respectively [13, 27], and three recent meta-analyses
by Hariyanto and colleagues, Saragih and colleagues, and
Damayanthi and colleagues concluded 2.62x, 2.96x, and
3.69x higher risk of mortality, respectively [9, 28, 29].
Contextually, our finding of 1.59x times higher mor-
tality may seem low; however, the inclusion of multiple
important confounders, e.g., entry oxygen saturation
and pharmacological management, likely diminished the
association but provided a “clearer” picture of the demen-
tia-COVID link. In addition, our data suggests that the
mortality is substantially increased even 1 year after dis-
charge from the hospital setting, suggesting residual cog-
nitive, pulmonary, or other ailments.

Additionally, the approach to dementia care in each
"country” is a major confounder and could not be sum-
marized by a singular number. Thus, our relatively
moderate mortality risk may reflect a high standard of
dementia care in Sweden and improvement in treatment
and care of COVID-19. The mortality is substantially
modified by increasing vaccination rates which was also
likely reflected in the non-significant mortality increase
in the third COVID-19 wave (the COVID-19 vaccination
began at the end of December 2020 in nursing homes).
Although the vaccination rates among dementia patients
could be higher, Sweden in general has a high overall
immunization percentage among the elderly [30], so this
problem is likely non-differential.
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While the higher risk of death in COVID-19-in-
fected dementia patients may be intuitive, the under-
lying connections interacting between the two
disorders are complex. First, patients with dementia
are more prone to being infected and hospitalized
with COVID-19 [7, 8, 15, 31, 32] and suffer more fre-
quently from severe outcomes of COVID-19 [7, 9,
10]. These associations are likely explained by over-
all higher comorbidity burden including respiratory
complications [11, 12, 33], inability to follow social
restrictions [8, 15], increased caregiver burden [15],
and possibly even higher infectious load in apolipo-
protein E epsilon-4 variant carriers [15, 34]. Second,
in older patients, the symptoms of the infection often
do not conform to the usual clinical presentation, and
atypical forms with altered mental status, tachypnea,
and delirium may be dominant [8, 35]. In combination
with lower social interaction, decreased frequency of
health check-ups, lower cognitive ability to recognize
the worsened state [15], and generally higher propen-
sity towards pneumonia [12] may explain the more
prevalent oxygen desaturation below 90% at admis-
sion in the dementia group and may have particularly
contributed to the increased in-hospital mortality.

Furthermore, the clinical course of dementia is compli-
cated by a variety of behavioral and psychological symp-
toms [36], and the burden of neuropsychiatric symptoms
has increased during the pandemic [14, 37]. The increase
is caused either indirectly through social isolation and
lockdown measures [38, 39] or directly by COVID-19,
which has been associated with the development and
deterioration of neuropsychiatric sequelae [40]. Conse-
quently, the presence of mental disorders may indepen-
dently contribute to more severe outcomes in COVID-19
patients [41, 42], which would disproportionately impact
patients with dementia.

Recent reports suggest the longitudinal functional and
mental capacities in COVID-19 survivors may improve
during the follow-up examinations [43, 44]; however, it
is unclear whether such observations extend to demen-
tia patients. Conversely, COVID-19 has been associated
with exacerbations of cognitive and neurological symp-
toms [45, 46], which in the long term can be expected to
result in an increase in future dementia cases, primarily
through increasing the cardiovascular and cerebrovascu-
lar burden [47].

Therefore, the early identification of deviations from
the normal clinical course and stricter observation of
dementia patients are reasonable steps until the COVID-
19 pandemic is completely under control.

In addition, a specific concern should be given to the
finding of higher mortality among psychotropic drug
users, particularly antipsychotics. Importantly, there
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are reports of increased antipsychotic drug prescription
rates among dementia patients during the pandemic
[16, 21] as well as associations between antipsychot-
ics and higher probability of COVID-19 infection [32],
though some reports dispute such claims [18]. In our
cohort, the use of antipsychotic medication at admis-
sion to hospital was associated with 70% higher overall
mortality, with the highest increase observed among
in-hospital patients (3.58x higher hazard, with a 5%
decrease in risk with each survived day), and the risk
decreasing in the post-discharge periods (1.39x aggre-
gate increase). The mortality increase may reflect the
necessity of psychotropic medication use in overall
more severe and atypically presenting COVID-19 (e.g.,
delirium, altered consciousness, and psychotic states)
[8, 35, 48, 49], or higher psychiatric burden among
patients with severe COVID-19, or necessary phar-
macological management of BPSD. Importantly, the
association survived adjustment for dementia, comor-
bidities, and oxygen saturation. Other studies concur
with the direction of the association; however, the risk
estimates vary between 1.26x and 11.1x the risk of
death depending on the population, with large hetero-
geneity between the studied mortality periods [21, 22,
32, 44]. Unfortunately, we had no information on the
pre-admission or post-discharge usage of antipsychotic
drugs, which would allow us to confirm the putative
increase in infection rates or study time-dependent
effects.

The mortality risk in antipsychotics depends on
the agents prescribed and dosage [20, 50, 51], which
could have further confounded the association. We
hypothesize that patients with dementia may be bet-
ter adjusted to psychotropic medication due to BPSD,
which may be reflected in the significantly higher psy-
chotropic drug prescription among dementia patients.
The results suggest some difference in risk estimates
between dementia and dementia-free (38% in absolute
difference, favoring dementia); however, the interaction
was not significant. Sweden is a country with high qual-
ity of dementia care, and the care standards and the
Swedish Dementia Registry (largest dementia registry
in the world) [52] discourage the use of antipsychot-
ics in dementia patients. Therefore, a comprehensive
evaluation of psychotropic medication including dose-
response is necessary before a valid guidance can be
provided for individual drugs.

Further findings in our study confirm male sex as
an independent predictor for higher mortality among
COVID-19 patients with dementia, and the sex-stratified
adjusted analyses suggested that the dementia-asso-
ciated mortality increase has been observed primar-
ily in male patients. Male sex is an established risk
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factor for higher COVID-19 mortality, with several
putative factors suggested for the elevated risk (protec-
tive inflammatory effect of estrogens, higher comorbid-
ity burden among men, behavioral/lifestyle differences)
[53]. Importantly, the strength of the association in our
study (55% increase) concurs with the findings of other
authors [5, 13, 53] and suggests the male patients with
dementia admitted for COVID-19 are more likely to
need intensive treatment thus allowing for appropriate
care allocation.

In conclusion, the study brings novel information on
the short- and long-term mortality among the demen-
tia population suffering from COVID-19. However, we
would like to highlight the major role COVID-19 plays in
the elderly population, and post hoc analyses of the pan-
demic’s impact on multimorbid and frail populations will
be crucial [54].

Overall, our study provides robust evidence that
dementia is a strong and independent risk factor for both
short- and long-term mortality after COVID-19 infec-
tion, and the use of psychotropic medication, particularly
antipsychotics, compounds the risk of dying. As the cog-
nitive reserve is exhausted, even a mild form of COVID-
19 will likely lead to a non-proportional decrease in
cognitive functioning; therefore, dementia patients may
benefit from heightened clinical vigilance and an individ-
ualized approach. Such efforts should be concurrent with
the en-masse vaccination programs, particularly focus-
ing on booster applications and repurposing the vaccines
towards new variants of concern, where the immuniza-
tion efficacy was not primarily studied [2, 55-58]. The
improvement of social engagement, proper cardiovascu-
lar and cerebrovascular prevention, and cognitive train-
ing in the post-pandemic era will play a crucial role in
the prevention of long-term damage in the already fragile
population of dementia patients.

Strengths and limitations

The main strengths of the study comprise the inclusion
of a large unrestricted sample of geriatric patients with
COVID-19 and the long follow-up after the hospitaliza-
tion. The COVID-19 diagnosis was based on RT-PCR
analysis of a nasopharyngeal swab specimen, generally
considered the standard approach in COVID-19 diagnosis
[59]. Moreover, the diagnosis of dementia was bi-specified
by either the presence of ICD-10 codes or the use of anti-
dementia medication, to increase the sample size. Another
major strength is the division by periods of COVID-19
infection, where all three major infection waves were ana-
lyzed. Finally, the inclusion of comorbidity, medication,
and clinical data allowed for more extensive adjustment
and possible generalization to a larger population.
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On the other hand, a careful interpretation of the
medication findings is in order, as we had no informa-
tion on pre-hospital medication usage, nor the indica-
tion data for the prescription. However, it is not clear
how such misclassification would affect patients with
dementia to a larger extent (specifically in the treat-
ment with antipsychotics). In addition, the Swedish set-
ting might not be representative of the antipsychotic
medication usage elsewhere, as the two main clinical
registries (Register for Behavioural and Psychological
symptoms of dementia and Swedish Dementia Reg-
istry) advocate towards lower use of antipsychotics in
dementia care. Conversely, this stresses the need for
further reports from other European countries to ena-
ble comparisons.

Furthermore, we had no data on cognitive or func-
tional performance measures in the patients; thus, no
stratification or adjustment on dementia severity could
have been made.

The inclusion of data only from the geriatric wards
may limit the generalizability of the results to an older
and more frail population; however, this should not
alter the primary results that extend to the demen-
tia population—a typical disorder of the advanced
age. However, further post-discharge data are needed
to comprehensively assess cognitive functioning in
patients with dementia who overcame the COVID-19
infection.

Finally, as in all observational analyses, we acknowl-
edge the possibility of residual and unknown confound-
ing including the information on vaccination.

Abbreviations

ATC Anatomical Therapeutic Chemical

ccl Charlson Comorbidity Index

cl Confidence interval

COVID-19  Coronavirus disease 2019

HR Hazard ratio

ICD International Classification of Disorders

RT-PCR Reverse transcriptase-polymerase chain reaction

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513195-022-01154-w.

Additional file 1: Supplementary Figure 1. Study sample selection.

Additional file 2: Supplementary Table 1. Baseline differences among
the survivors and deceased during the whole follow-up. CCl, Charlson
Comorbidity Index; RAAS, renin-angiotensin-aldosterone system; Age at
admission is described as mean (SD); Other variables are described as n
(%); SpO2 refers to the first oxygen saturation recorded during hospitaliza-
tion; Attained comorbidities were recorded at admission and medica-
tion use was recorded at admission or at admission + 1 day; COVID-19
waves were divided based on dates - August 31, 2020 (first and second
wave) and February 28" 2021 (second and third wave). Comparisons

for scale variables across the dementia strata were performed using the
independent-samples t-test (age at admission), and Mann-Whitney U-test

Page 9 of 11

(hospitalization duration). Chi-square test was used in all other descriptive
analyses.

Additional file 3: Supplementary Table 2. Mortality rates and mortality
rate ratios in COVID-19 patients with and without dementia. Mortality rate
reflects the total deaths that occurred during the follow-up - during the
first hospitalization and after discharge; COVID-19 waves were divided
based on dates - August 31%!, 2020 (first and second wave) and February
28", 2021 (second and third wave).

Acknowledgements

We are grateful to the patients, caregivers, and staff for enduring the
pandemic and providing the clinical information. This project was further
supported by the Konung Gustav V:s and Drottning Victorias Stiftelse and
Demensfonden.

Authors’ contributions

ME contributed to the introduction and discussion. HX contributed to the
analyses and discussion. MA co-designed the study. AR participated on the
data preparation. KJ suggested the statistical methods and contributed to
the discussion SH interpreted the data and contributed to the discussion. DR
supervised and co-designed the study. JS designed the study, analyzed the
data, and wrote the manuscript. All authors have revised and contributed to
the manuscript’s content and approved of its final version.

Funding

Open access funding provided by Karolinska Institute. The following funding
agencies/sponsors have contributed to this research: the Swedish Research
Council (dnr: 2020-06101 WISER, 2021-013167, 2020-05805), the National
Institute for Neurological Research (Programme EXCELES, ID Project No.
LX22NPO5107) - Funded by the European Union — Next Generation EU, and
Alzheimerfonden. Sponsors had no role in the design, methodology, subject
recruitment, or data collection of the study.

Availability of data and materials

No data are available. The entities responsible for the original data and the
Swedish law do not allow for sharing of the datasets containing the patient
information.

Declarations

Ethics approval and consent to participate

The study was approved by the regional ethical committee in Stockholm,
Sweden (dnr: 2020-02146 and 2020-03345), and the ethical committee waived
the need for informed consent (the committee considers each application for
research in detail and acts as an ethical representative for the patients). The
researchers have been provided with anonymized data and no connection
could be made to an individual. The study was performed fully in accordance
with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 May 2022 Accepted: 25 December 2022
Published online: 06 January 2023

References

1. World Health Organization (WHO), Weekly epidemiological update on
COVID-19 - 4 May 2022. 2022 https://www.who.int/publications/m/item/
weekly-epidemiological-update-on-covid-19%2D%2D-4-may-2022.

2. WHO. WHO Classification of Omicron (B.1.1.529): SARS-CoV-2 variant of
concern. https.//www.who.int/news/item/26-11-2021-classification-of-
omicron-(b.1.1.529)-sars-cov-2-variant-of-concern. Accessed 9 May 2022.



https://doi.org/10.1186/s13195-022-01154-w
https://doi.org/10.1186/s13195-022-01154-w
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19%2D%2D-4-may-2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19%2D%2D-4-may-2022
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern

Secnik et al. Alzheimer’s Research & Therapy

20.

21

22.

23.

(2023) 15:5

Ludvigsson JF. The first eight months of Sweden’s COVID-19 strategy

and the key actions and actors that were involved. Acta Paediatr.
2020;109(12):2459-71.

Kavaliunas A, Ocaya P, Mumper J, Lindfeldt |, Kyhlstedt M. Swedish policy
analysis for Covid-19. Health Policy Technol. 2020;9(4):598-612.

Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical &
mortal COVID-19 cases: a systematic literature review and meta-analysis. J
Infect. 2020;81(2):e16-25.

Global, regional, and national burden of Alzheimer’s disease and other
dementias, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet Neurol. 2019;18(1):88-106.

Tahira AC, Verjovski-Almeida S, Ferreira ST. Dementia is an age-independ-
ent risk factor for severity and death in COVID-19 inpatients. Alzheimers
Dement. 2021;17(11):1818-31.

Mok VCT, Pendlebury S, Wong A, Alladi S, Au L, Bath PM, et al. Tackling
challenges in care of Alzheimer’s disease and other dementias amid

the COVID-19 pandemic, now and in the future. Alzheimers Dement.
2020;16(11):1571-81.

Saragih ID, Saragih IS, Batubara SO, Lin C-J. Dementia as a mortality pre-
dictor among older adults with COVID-19: a systematic review and meta-
analysis of observational study. Geriatr Nurs 2021:50197-4572(21)00086-0.
Liu N, Sun J, Wang X, Zhao M, Huang Q, Li H. The impact of dementia on
the clinical outcome of COVID-19: a systematic review and meta-analysis.
J Alzheimers Dis. 2020;78(4):1775-82.

. Bauer K, Schwarzkopf L, Graessel E, Holle R. A claims data-based com-

parison of comorbidity in individuals with and without dementia. BMC
Geriatr. 2014;14:10.

Manabe T, Fujikura Y, Mizukami K, Akatsu H, Kudo K. Pneumonia-asso-
ciated death in patients with dementia: a systematic review and meta-
analysis. PLoS One. 2019;14(3):e0213825.

lzcovich A, Ragusa MA, Tortosa F, Lavena Marzio MA, Agnoletti C,
Bengolea A, et al. Prognostic factors for severity and mortality in

patients infected with COVID-19: a systematic review. PLoS One.
2020;15(11):20241955.

Soysal B, Smith L, Trott M, Alexopoulos P, Barbagallo M, Tan SG, et al. The
effects of COVID-19 lockdown on neuropsychiatric symptoms in patients
with dementia or mild cognitive impairment: a systematic review and
meta-analysis. Psychogeriatrics. 2022,22(3):402-12.

Toniolo S, Scarioni M, Di Lorenzo F, Hort J, Georges J, Tomic S, et al.
Dementia and COVID-19, a bidirectional liaison: risk factors, biomarkers,
and optimal health care. J Alzheimers Dis. 2021;82(3):883-98.

Ferro Uriguen A, Laso Lucas E, Sannino Menicucci C, Iturrioz Arrechea

|, Alaba Trueba J, Echevarria Orella E, et al. Psychotropic drug prescrip-
tion in nursing homes during the COVID-19 pandemic. Drugs Aging.
2022;39(6):467-75.

Canal-Rivero M, Catalan-Barragan R, Rubio-Garcia A, Garrido-Torres N,
Crespo-Facorro B, Ruiz-Veguilla M. Lower risk of SARS-CoV?2 infection in
individuals with severe mental disorders on antipsychotic treatment: a
retrospective epidemiological study in a representative Spanish popula-
tion. Schizophr Res. 2021,229:53-4.

Nemani K, Williams SZ, Olfson M, Leckman-Westin E, Finnerty M, Kammer
J, et al. Association between the use of psychotropic medications and
the risk of COVID-19 infection among long-term inpatients with serious
mental illness in a New York state-wide psychiatric hospital system. JAMA
Netw Open. 2022,5(5):€2210743.

Ostuzzi G, Papola D, Gastaldon C, Schoretsanitis G, Bertolini F, Amaddeo
F, et al. Safety of psychotropic medications in people with COVID-19: evi-
dence review and practical recommendations. BMC Med. 2020;18(1):215.
Govind R, Fonseca de Freitas D, Pritchard M, Hayes RD, MacCabe JH.
Clozapine treatment and risk of COVID-19 infection: retrospective cohort
study. Br J Psychiatry. 2021;219(1):368-74.

Harrison SL, Buckley BJR, Lane DA, Underhill P, Lip GYH. Associations
between COVID-19 and 30-day thromboembolic events and mortality in
people with dementia receiving antipsychotic medications. Pharmacol
Res. 2021;167:105534.

Vai B, Mazza MG, Delli Colli C, Foiselle M, Allen B, Benedetti F, et al. Mental
disorders and risk of COVID-19-related mortality, hospitalisation, and
intensive care unit admission: a systematic review and meta-analysis.
Lancet Psychiatry. 2021;8(9):797-812.

Hagg S, Jylhdva J, Wang Y, Xu H, Metzner C, Annetorp M, et al. Age,
frailty, and comorbidity as prognostic factors for short-term outcomes

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 10 of 11

in patients with coronavirus disease 2019 in geriatric care. J Am Med Dir
Assoc. 2020;21(11):1555-9.e2.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis. 1987,40(5):373-83.

Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al.
Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10
administrative data. Med Care. 2005;43(11):1130-9.

R Core Team. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-
project.org/.

July J, Pranata R. Prevalence of dementia and its impact on mortality in
patients with coronavirus disease 2019: a systematic review and meta-
analysis. Geriatr Gerontol Int. 2021;21(2):172-7.

Hariyanto T, Putri C, Arisa J, Situmeang RFV, Kurniawan A. Dementia and
outcomes from coronavirus disease 2019 (COVID-19) pneumonia: a sys-
tematic review and meta-analysis. Arch Gerontol Geriatr. 2021;93:104299.
Damayanthi H, Prabani KIP, Weerasekara I. Factors associated for mortality
of older people with COVID 19: a systematic review and meta-analysis.
Gerontol Geriatr Med. 2021;7:23337214211057392.
Folkhalsomyndigheten - Public Health Agency of Sweden, Vaccination-
suppfolining vecka 18, 2022. https://www.folkhalsomyndigheten.se/folkh
alsorapportering-statistik/statistikdatabaser-och-visualisering/vaccinatio
nsstatistik/statistik-for-vaccination-mot-covid-19/uppfoljning-av-vacci
nation/. Accessed 18 May 2022.

Wang Q, Davis PB, Gurney ME, Xu R. COVID-19 and dementia: analyses
of risk, disparity, and outcomes from electronic health records in the US.
Alzheimers Dement. 2021;17(8):1297-306.

Cascini S, Agabiti N, Marino C, Acampora A, Balducci M, Calandrini E,

et al. Incidence and outcomes of SARS-CoV-2 infection in older adults
living with dementia: a population-based cohort study. J Alzheimers Dis.
2022;89(2):681-93.

Bunn F, Burn AM, Goodman C, Rait G, Norton S, Robinson L, et al.
Comorbidity and dementia: a scoping review of the literature. BMC Med.
2014;12:192.

Xiong N, Schiller MR, Li J, Chen X, Lin Z. Severe COVID-19 in Alzheimer’s
disease: APOE4's fault again? Alzheimers Res Ther. 2021;13(1):111.
D'’Adamo H, Yoshikawa T, Ouslander JG. Coronavirus disease 2019 in
geriatrics and long-term care: the ABCDs of COVID-19. J Am Geriatr Soc.
2020,68(5):912-7.

Cerejeira J, Lagarto L, Mukaetova-Ladinska EB. Behavioral and psychologi-
cal symptoms of dementia. Front Neurol. 2012;3:73.

Gedde MH, Husebo BS, Vahia IV, Mannseth J, Vislapuu M, Naik M, et al.
Impact of COVID-19 restrictions on behavioural and psychological symp-
toms in home-dwelling people with dementia: a prospective cohort
study (PAN.DEM). BMJ Open. 2022;12(1):e050628.

Canevelli M, Valletta M, Toccaceli Blasi M, Remoli G, Sarti G, Nuti F, et al.
Facing dementia during the COVID-19 outbreak. J Am Geriatr Soc.
2020,68(8):1673-6.

Manca R, De Marco M, Venneri A. The impact of COVID-19 infection

and enforced prolonged social isolation on neuropsychiatric symp-
toms in older adults with and without dementia: a review. Front Psych.
2020;11:585540.

Zia N, Ravanfar P, Allahdadian S, Ghasemi M. Impact of COVID-19 on
neuropsychiatric disorders. J Clin Med. 2022;11(17):5213.

Pranata R, Huang I, Lim MA, Yonas E, Vania R, Kuswardhani RAT. Delirium
and mortality in coronavirus disease 2019 (COVID-19) - a systematic
review and meta-analysis. Arch Gerontol Geriatr. 2021,95:104388.

Fond G, Nemani K, Etchecopar-Etchart D, Loundou A, Goff DC, Lee SW,

et al. Association between mental health disorders and mortality among
patients with COVID-19 in 7 countries: a systematic review and meta-
analysis. JAMA Psychiat. 2021;78(11):1208-17.

Huang L, Li X, Gu X, Zhang H, Ren L, Guo L, et al. Health outcomes in peo-
ple 2 years after surviving hospitalisation with COVID-19: a longitudinal
cohort study. Lancet Respir Med. 2022;10(9):863-76.

Austria B, Haque R, Mittal S, Scott J, Vengassery A, Maltz D, et al. Mortality
in association with antipsychotic medication use and clinical outcomes
among geriatric psychiatry outpatients with COVID-19. PLoS One.
2021;16(10):20258916.


https://www.r-project.org/
https://www.r-project.org/
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/statistikdatabaser-och-visualisering/vaccinationsstatistik/statistik-for-vaccination-mot-covid-19/uppfoljning-av-vaccination/
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/statistikdatabaser-och-visualisering/vaccinationsstatistik/statistik-for-vaccination-mot-covid-19/uppfoljning-av-vaccination/
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/statistikdatabaser-och-visualisering/vaccinationsstatistik/statistik-for-vaccination-mot-covid-19/uppfoljning-av-vaccination/
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/statistikdatabaser-och-visualisering/vaccinationsstatistik/statistik-for-vaccination-mot-covid-19/uppfoljning-av-vaccination/

Secnik et al. Alzheimer’s Research & Therapy

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

(2023) 15:5

Kubota T, Kuroda N. Exacerbation of neurological symptoms and COVID-
19 severity in patients with preexisting neurological disorders and
COVID-19: a systematic review. Clin Neurol Neurosurg. 2021;200:106349.
Alonso-Lana S, Marquié M, Ruiz A, Boada M. Cognitive and neuropsychi-
atric manifestations of COVID-19 and effects on elderly individuals with
dementia. Front Aging Neurosci. 2020;12:588872.

de Erausquin GA, Snyder H, Carrillo M, Hosseini AA, Brugha TS, Seshadri
S, et al. The chronic neuropsychiatric sequelae of COVID-19: the need

for a prospective study of viral impact on brain functioning. Alzheimers
Dement. 2021;17(6):1056-65.

Paterson RW, Brown RL, Benjamin L, Nortley R, Wiethoff S, Bharucha T,

et al. The emerging spectrum of COVID-19 neurology: clinical, radiologi-
cal and laboratory findings. Brain. 2020;143(10):3104-20.

Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month neu-
rological and psychiatric outcomes in 236 379 survivors of COVID-19:

a retrospective cohort study using electronic health records. Lancet
Psychiatry. 2021;8(5):416-27.

Schwertner E, Secnik J, Garcia-Ptacek S, Johansson B, Nagga K, Eriksdotter
M, et al. Antipsychotic treatment associated with increased mortality risk
in patients with dementia. A registry-based observational cohort study. J
Am Med Dir Assoc. 2019;20(3):323-9 e2.

Ralph SJ, Espinet AJ. Increased all-cause mortality by antipsychotic drugs:
updated review and meta-analysis in dementia and general mental
health care. J Alzheimers Dis Rep. 2018;2(1):1-26.

Religa D, Fereshtehnejad SM, Cermakova P, Edlund AK, Garcia-Ptacek S,
Granqyist N, et al. SveDem, the Swedish Dementia Registry - a tool for
improving the quality of diagnostics, treatment and care of dementia
patients in clinical practice. PLoS One. 2015;10(2):e0116538.

Haitao T, Vermunt JV, Abeykoon J, Ghamrawi R, Gunaratne M, Jayachan-

dran M, et al. COVID-19 and sex differences: mechanisms and biomarkers.

Mayo Clin Proc. 2020;95(10):2189-203.

Grabowski DC. The future of long-term care requires investment in both
facility- and home-based services. Nat Aging. 2021;1(1):10-1.
Chemaitelly H, Ayoub HH, AIMukdad S, Coyle P, Tang P, Yassine HM, et al.
Duration of mRNA vaccine protection against SARS-CoV-2 Omicron BA.1
and BA.2 subvariants in Qatar. Nat Commun. 2022;13(1):3082.

Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al.
Covid-19 vaccine effectiveness against the Omicron (B.1.1.529) variant. N
Engl J Med. 2022;386(16):1532-46.

World Health Organization (WHO) Weekly epidemiological update on
COVID-19 - 7 December 2022. 2022. https://www.who.int/publicatio
ns/m/item/weekly-epidemiological-update-on-covid-19%2D%2D-7-
december-2022.

Grana C, Ghosn L, Evrenoglou T, Jarde A, Minozzi S, Bergman H, et al.
Efficacy and safety of COVID-19 vaccines. Cochrane Database Syst Rev.
2022;12(12):.Cd015477.

World Health Organization. Diagnostic testing for SARS-CoV-2: interim
guidance, 11 September 2020. Geneva: World Health Organization;
2020. https://apps.who.int/iris/handle/10665/334254. License: CC BY-
NC-SA 3.0 IGO.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19%2D%2D-7-december-2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19%2D%2D-7-december-2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19%2D%2D-7-december-2022
https://apps.who.int/iris/handle/10665/334254

