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Abstract.

Background: The COVID-19 pandemic has led to high mortality rates in nursing homes (NHs) in Europe. For adequate risk
management and good prognostications, it is essential to identify mortality risk factors.

Objective: This study aimed to determine whether previously identified risk factors for 30-day mortality in Dutch NH
residents with COVID-19 are unique to COVID-19.

Methods: In this cohort study, we included 1,294 NH residents with COVID-19 (cases) and 17,999 NH residents without
COVID-19 (controls, from the pre-COVID-19 period). We used descriptive statistics and Cox proportional hazard models to
compare mortality rates in residents with and without COVID-19, categorized by risk factors.

Results: Cases had a more than 18 times higher hazard of death within 30 days compared to controls (HR 18, 95% CI: 16-20).
For residents with COVID-19, being male, having dementia, and having Parkinson’s disease (PD) were all associated with
a higher 30-day mortality (HR 1.8 versus 1.3 versus 1.7). Being male was also associated with a higher mortality (HR
1.7) in the control group, whereas having dementia and PD were not. COVID-19 symptomatology was very similar for
residents with and without dementia or PD, except for delirium and malaise which was more frequent in residents with
dementia.

Conclusion: Dementia and PD were significant additional risk factors for mortality in Dutch NH residents with COVID-19,
whereas male gender was not unique to residents with COVID-19. The frailty of PD and dementia in NH residents with
COVID-19 are relevant to consider in prognostication, communication, and care planning with residents and their families.
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INTRODUCTION

The COVID-19 pandemic has resulted in high
mortality rates in nursing homes (NHs) in Europe.
Comparison of the same time-period showed an 81%
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to 315% increase in all-cause death rate in 2020 in dif-
ferent NHs across Europe [1-4]. In the Netherlands,
the number of deaths per week in NHs increased with
approximately 100% during the first months of the
COVID-19 pandemic [5].

For adequate risk management and good prognos-
tication, it is essential to identify factors specifically
associated with high 30-day mortality in NH residents
with COVID-19. In an earlier study among Dutch NH
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residents with confirmed COVID-19, we established
that male sex, renal failure, dementia, and Parkinson’s
disease (PD) were associated with a higher mortal-
ity rate [6]. Higher mortality rates in NH residents
with dementia and PD were also observed in other
studies [7-9]. In addition, frailty, chronic obstructive
pulmonary disease or emphysema, and cardiovas-
cular disease have been reported as risk factors for
mortality in NH residents with COVID-19 [3, 10, 11].

In the abovementioned studies, mortality rates of
NH residents with COVID-19 were compared to
those of NH residents without COVID-19 (i.e., a
negative reverse transcriptase polymerase chain reac-
tion (RT-PCR) test) during the COVID-19 period.
Due to the limited test capacity at the start of the
pandemic, only residents with respiratory symptoms
were tested. As a result, the control group consisted
of residents that may have been at risk for mortality
because of having influenza or another underlying
cause of the respiratory symptoms. Since the sensi-
tivity of the RT-PCR is limited [12], it is possible that
a part of the control group had a false-negative test
and therefore still had COVID-19. The present study
attempts to advance current knowledge by compar-
ing NH residents with COVID-19 to NH residents
without COVID-19 from the pre-COVID-19 period,
ensuring a control group without residents suffering
from COVID-19 and with less selection bias (e.g.,
not only residents with symptoms).

We investigate whether our previously identified
risk factors for 30-day mortality (i.e., male gender,
kidney failure, dementia, and PD) in Dutch NH res-
idents are unique to COVID-19, or whether these
are risk factors for mortality among NH residents in
general. In addition, we also compare patient charac-
teristics and symptomatology of COVID-19 in Dutch
NH residents with and without those risk factors to
gain a better understanding of the impact of COVID-
19 in these NH residents.

METHODS

We conducted a cohort study where Dutch NH
residents with confirmed COVID-19 were compared
with Dutch NH residents of the pre-COVID-19 era
(i.e., without COVID-19). For both groups, data were
derived from the electronic health record (EHR) Ysis.
Ysis, managed by software developer Gerimedica, is
the most widely used EHR in NHs in the Netherlands
and covers over 61,000 out of a total of 115,000 NH
residents.

Data collection and measures

Cases were defined as NH residents with COVID-
19 confirmed by RT-PCR in the period between
March 18 and May 31, 2020. For these residents,
a standardized assessment form was completed by
their physician as part of national COVID-19 reg-
istration policy. This form included data on the
presence (yes/no) of fever, cough, shortness of breath,
sore throat, and delirium/confusion/drowsiness. It
also included oxygen saturation (normal versus
decreased), body temperature, and an open question
on presence of any other signs or symptoms. Age, sex,
type of ward, date of death, and comorbidity (i.e.,
dementia (including mild cognitive impairment),
chronic respiratory diseases, chronic cardiovascular
disease, cerebrovascular diseases, diabetes mellitus,
reduced kidney function, and PD (including parkin-
sonism) were derived from usual care data in the EHR
[6].

COVID-19 test policy in the Netherlands, as
defined by the Dutch Association of Elderly Care
Physicians (Verenso), differed throughout the period
of data collection due to initial scarcity of available
test materials. Until March 26, 2020, it was advised to
perform RT-PCR testing only in NH residents with at
least two of the following symptoms: fever or fever-
ish feeling, cough, and shortness of breath, and, only
at wards without any proven cases of COVID-19
(at such wards clinically-suspected COVID-19 cases
were considered COVID-19 patients). From March
26, 2020, onwards, it was advised to test NH resi-
dents with any possibly COVID-19 related symptoms
at wards without any proven COVID-19 cases; from
April 6, 2020, this advice became applicable also for
residents at wards with COVID-19 cases.

For the control group, we extracted data from
17,999 randomly selected NH residents in the same
period in which data for COVID-19 patients were
collected, except one year earlier. This was the maxi-
mum number of controls that we could request within
the data protection measures applied by the data pro-
cessor. As in other studies using similar analyses [13,
14], a number of four or five controls per case were
selected, we are confident that the size of the control
group in our study was large enough to capture statis-
tically significant and clinically relevant differences
between the residents with COVID-19 and the con-
trols. We extracted data on age, gender, type of ward,
and comorbidities on April 1, 2019 and to calculate
the 30-day mortality, we recorded the date of death
between April 1, 2019 and May 1, 2019. To avoid
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Table 1
Residents’ characteristics
Total COVID-19 Control
(N=19,293) (N=1,294) (N=17,999)
Age: mean (SD) 83 (10) 84 (9) 83 (10)
Women 66% 64% 66%
Ward type
Psychogeriatric 51% 48% 51%
Somatic 24% 18% 25%
Rehabilitation/short term care 18% 18% 18%
Other/Unknown 7% 17% 6%
Comorbidity (N=19,170) (N=1,284) (N=117,886)
Dementia 56% 64% 56%
Cardiovascular disease 41% 449 41%
Cerebrovascular disease 35% 35% 35%
Diabetes Mellitus 24% 26% 24%
Chronic respiratory disease 16% 17% 16%
Reduced kidney function 13% 19% 13%
Parkinson’s disease 7% 6% 7%

duplicate cases, we ensured that NH residents with a
confirmed COVID-19 in 2020 were not included in
the 2019 dataset.

Outcome measure

Outcome measure in this study was 30-day mor-
tality, in the COVID-19 group defined as mortality
within 30 days after the COVID-19 suspicion, and
in the non-COVID-19 group as mortality within 30
days after inclusion (i.e., April 1, 2019).

Ethics

The Medical Ethics Committee of the VU Univer-
sity Medical Centre reviewed and approved the study
protocol.

Statistical analyses

For both groups, survival curves on 30 day-
mortality were estimated based on the days between
the date of COVID-19 suspicion (COVID-19 group)
or inclusion (control group, i.e., April 1, 2019)
and the date of death using Kaplan Meier curves.
The association between age, gender, comorbidities,
symptomatology, and mortality rate was analyzed
in residents with COVID-19 and the controls using
three Cox proportional hazard models: unadjusted
(model 1); gender and age included (model 2); and
gender, age, and comorbidities included (model 3).
We investigated with effect modification analyses
whether the effect of specific risk factors (i.e., being
male, having dementia, having PD) on time to death
was different for residents with and without COVID-

19. In these analyses, the interaction between the
group variable (COVID-19) and the risk factor was
included in the model. Results are presented with
95% confidence intervals and all reported p values are
two-sided.

Next, patient characteristics and symptomatology
of COVID-19 patients with and without unique iden-
tified risk factors were analyzed descriptively. We
used Mann-Whitney U test for non-parametric con-
tinuous variables and chi-square tests for categorical
variables to compare demographic characteristics and
symptomatology. To indicate the number of missing
values, the N on which percentages were calculated,
are reported.

All analyses were performed with the use of the
SPSS statistical package, version 26.0 (IBM, IL,
USA).

RESULTS
Residents’ characteristics

We included 1,294 cases and 17,999 controls. Res-
idents had a mean age of 83 years (SD: 10), were
predominately women (66%) and resided mostly on
psychogeriatric wards (51%) (Table 1). Residents
with COVID-19 were more likely to have demen-
tia (64% versus 56%) and suffered more often from a
reduced kidney function (19% versus 13%). Except
for these differences, no important clinical differ-
ences were found between the characteristics of
residents with COVID-19 and the controls without
COVID-19.
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Fig. 1. Kaplan-Meier estimates of survival in nursing home residents with confirmed and without COVID-19, overall (A), categorized based
on gender (B), categorized based on presence of dementia (C), and categorized based on presence of Parkinson’s disease (D).

Table 2
Cox proportional Hazard model for 30-day mortality in nursing home residents with and without COVID-19

Model 1: unadjusted

Model 2: adjusted for
gender and age

Model 3: adjusted for
gender, age, and

comorbidity
HR (95% CI) p HR (95% CI) p HR (95% CI) p
CONTROL 1.00 (ref) 1.00 (ref) 1.00 (ref)
COVID-19 17.97 (15.94-20.26)* <0.001* 17.73 (15.72-19.99)* <0.001* 17.72 (15.70-20.01)* <0.001*

30-day mortality risk

We found that 42% (95% CI. 39-45%) of the
residents with COVID-19 had died within 30 days
after the COVID-19 suspicion, and 3.2% (95%
CI: 3.0-3.4%) of the controls died within 30 days
(Fig. 1A). Adjusted for age, sex, and comorbidity,
residents with COVID-19 had an 18 times higher haz-
ard of death compared to controls (HR 18, 95% CI:
16-20) (Table 2).

Risk factors for 30-day mortality

We found that being male (adjusted HR 1.82,
95% CI: 1.52-2.18), having a dementia diagnosis
(adjusted HR 1.28,95% CI: 1.06-1.54), and suffering
from PD (adjusted HR 1.67,95% CI: 1.22-2.28) were

all associated with a higher mortality within 30 days
in residents with COVID-19 (Table 3). Kidney failure
was no longer associated with higher mortality within
30days (HR 1.22,95% CI: 0.99-1.51). We performed
effect modification analyses to explore whether the
impact of these risk factors on time to death differed
between residents with and without COVID-19. We
found not a significant interaction for COVID-19 and
gender. Being male was also a risk factor for mortal-
ity within 30 days in residents without COVID-19
(adjusted HR 1.68, 95% CI: 1.41-1.99). We did find
a significant interaction for COVID-19 and demen-
tia and for COVID-19 and PD. In residents without
COVID-19, dementia, and PD were not risk factors
for mortality within 30 days (adjusted HR 0.89, 95%
CI: 0.75-1.06 versus adjusted HR 1.01, 95% CI:
0.73-1.39).
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Table 4
Characteristics of and symptomatology in nursing home residents with COVID-19 (n = 1,294) and dementia or Parkinson’s disease (PD)
Dementia No PD No PD p
(N=2816) dementia (Dementia (N=1T77) (N=1,207) (PD
(N=468) versus no versus
dementia) no PD)
Age: mean (SD) 85 (7) 83 (10) 0.013 81 (7) 85(9) 0.000
Women 66% 61% 0.064 46% 65% 0.000
Ward type 0.000 0.001
Psychogeriatric 65% 19% 42% 49%
Somatic 8% 34% 35% 17%
Rehabilitation/short term care 10% 30% 14% 18%
Other/Unknown 16% 17% 9% 17%
Comorbidity (N=816) (N=468) (N=T7) (N=1,207)
Dementia - - - 61% 64% 0.637
Cardiovascular disease 42% 47% 0.117 42% 44% 0.666
Cerebrovascular disease 34% 36% 0.708 29% 35% 0.236
Diabetes Mellitus 25% 27% 0.469 26% 26% 0.929
Chronic respiratory disease 15% 19% 0.081 10% 17% 0.120
Reduced kidney function 19% 18% 0.836 9% 19% 0.029
Parkinson’s disease 6% 6% 0.637 - - -
Typical symptoms
Cough 62% (477/773) 62% (270/437) 0.979 62% (41/66) 62% (706/1,144) 0.947
Shortness of breath 27% (202/745) 32% (138/430) 0.070 28% (19/69) 29% (321/1,106) 0.792
Fever 62% (483/784) 64% (289/451) 0.387 65% (47/72) 62% (725/1,163) 0.617
Atypical symptoms
Sore throat 9% (45/502) 11% (36/323) 0.304 9% (4/45) 10% (77/780) 0.829
Delirium/confusion/drowsiness 31% (219/704) 24% (94/394) 0.011* 35% (23/66) 28% (290/1,032) 0.239
Other symptoms*
Fatigue 7% (60/816) 5% (25/468) 0.166 5% (4/77) 7% (81/1,207) 0.603
Diarrhea 4% (32/816) 7% (33/468) 0.013* 3% (2/77) 5% (63/1,207) 0.308
Malaise 6% (47/816) 3% (14/468) 0.025%* 3% (2/77) 5% (59/1,207) 0.359
Rhinorrhea 3% (23/816) 4% (17/468) 0415 0% (0/77) 3% (40/1,207) 0.104
Nausea/vomiting 3% (24/816) 4% (19/468) 0.280 3% (2/77) 3% (41/1,207) 0.705
Common cold 3% (27/816) 3% (13/468) 0.603 0% (0/77) 3% (40/1,207) 0.104
Decreased oxygen saturation 44% (238/543) 47 % (156/329) 0.302 40% (23/58) 46% (371/814) 0.381
Temperature 0.443 0.088
<36.5°C 4% (29/669) 5% (19/374) 8% (5/60) 4% (43/983)
36.5-37.5°C 18% (118/669) 15% (55/374) 17% (10/60) 17% (163/983)
37.5-38.0°C 18% (120/669) 16% (60/374) 7% (4/60) 18% (176/983)
>38.0°C 60% (402/669) 64 % (240/374) 68% (41/60) 61% (601/983)

Table 5

Cox proportional Hazard model for symptomatology and 30-day mortality in nursing home
residents with COVID-19 (N=1,294)

Fever
Cough

Shortness of breath
Delirium/confusion /drowsiness
Decreased oxygen saturation

1.72 (1.42-2.09)*
1.05 (0.87-1.26)
1.66 (1.38-2.00)*
1.64 (1.35-2.00)*
1.82 (1.47-2.24)*

1.76 (1.45-2.15)*
1.05 (0.88-1.27)
1.56 (1.30-1.89)*
1.56 (1.28-1.90)*
1.77 (1.43-2.18)*

Model 1: unadjusted Model 2: Model 3: adjusted
adjusted for for gender, age,

gender and age and comorbidity
HR (95% CI) HR (95% CI) HR (95% CI)

1.79 (1.47-2.18)*
1.05 (0.87-1.26)
1.60 (1.32-1.94)*
1.56 (1.28-1.90)*
1.80 (1.46-2.23)*

male is not a 30-day mortality risk factor specific to
COVID-19 in Dutch NH residents, leaving dementia

and PD as risk factors unique to COVID-19.

Many studies, among which studies conducted in
NHs, show that male sex is a risk factor for 30-day

mortality of COVID-19 [3, 15]. To our best knowl-
edge, we are the first to show that male sex is not a
mortality risk factor specific to COVID-19 in NH res-
idents, but that male sex is an independent risk factor
for 30-day mortality in NH residents. This is in line
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with earlier studies that found an association between
male sex and a lower survival rate after NH admis-
sion [16, 17]. Yet, given this a priori higher mortality
risk combined with the high 30-day mortality risk of
COVID-19, a COVID-19 diagnosis in male residents
should be considered to be accompanied by a bad
prognosis regarding 30-day mortality risk.

In our study, 45% of the residents with both
COVID-19 and dementia died. This corresponds with
the 42% mortality rate that was found in a study
in patients of a tertiary hospital with Alzheimer’s
disease or frontotemporal dementia [7], which were
probably in a less severe stage compared with demen-
tia patients in our study as 45% of them had very
mild or mild dementia. We found that residents with
COVID-19 and dementia had a 1.3 times higher
hazard to die earlier than residents with COVID-19
without dementia. A meta-analysis showed that peo-
ple with dementia and COVID-19 have a 2.6 times
greater risk of mortality compared to COVID-19
patients without dementia [18]. Possible explanations
that were given by the authors: 1) people with demen-
tia are older and have more comorbidity, and 2) the
APOE4 genotype, the major genetic risk factor for
Alzheimer’s disease, is associated with more severe
COVID-19 infection. The first explanation cannot be
supported by our data, as we adjusted for age and we
did not find any differences in comorbidity between
residents with and without dementia. Regarding the
second explanation, we do not have information on
dementia subtypes nor the presence of the APOE4
genotype in the residents. Another explanation could
be the high occurrence of delirium in patients with
dementia. In our study residents with dementia more
often had a delirium/confusion/drowsiness than resi-
dents without dementia (31% versus 24%). It is well
known that a delirium is associated with higher mor-
tality rates [19] and also in our study we observed a
higher mortality rate for residents with COVID-19
and a delirium/confusion/drowsiness than for resi-
dents with COVID-19 without these symptoms (HR
1.6).

We established that residents with PD and COVID-
19 have a strong increased risk of death, namely 60%,
compared to COVID-19 positive residents without
PD. This is a higher mortality rate than found in
another study [9]. However, this study was done in a
tertiary university hospital in a less vulnerable popu-
lation. These PD patients were younger (76 versus 81
years) and had fewer comorbidities, for example 36%
suffered from dementia, while 61% of the PD resi-
dents in our sample had dementia. It is possible that

the high dementia rate in our PD population biased
our results. However, duration of PD has also been
described as risk factor for mortality in patients with
COVID-19 and PD [8, 9]. Considering that duration
of PD is an important indicator for both institutional-
ization and developing dementia, we might conclude,
at least, that our NH residents with PD with a mean
duration of 7 years were highly vulnerable and less
likely to survive a COVID-19 infection.

Furthermore, previous studies suggested that a
COVID-19 infection among PD patients may be
accompanied by worsening of motor- and non-motor
symptoms, due to a strong representation of ACE-
2 receptors on dopamine receptors [20, 21]. This
may also explain the relatively high mortality risk
in this patient group. For instance, worsening of
dysphagia may result in reduces fluid intake and
dehydration, or aspiration followed by a pneumonia
superinfection [9, 22]. In our study, we observed no
differences in COVID-19 symptomatology between
PD and non-PD residents; however, we did not reg-
ister whether residents developed a pneumonia or
pneumonia superinfection. Further research is needed
to test these hypotheses on the effect of pneumonia
and motor- and non-motor symptoms on mortality in
NH residents with PD and COVID-19.

Strengths and limitations

Strengths of our study are the large number of cases
included and the use of a control group from the
pre-COVID-19 era. Our study has also limitations.
First, we should discuss the probability of enroll-
ment bias. Our registration was based on COVID-19
suspicion; therefore, our sample might show an over-
representation of residents with typical signs and
symptoms. Further, in the beginning of the pandemic,
test materials were scarce, so from the start of our
registration (March 18, 2020) until April 6, 2020
the advice was to test only symptomatic residents
by RT-PCR, therefore, residents with an asymp-
tomatic or paucisymptomatic course might have been
missed in the registration. This enrollment bias may
have resulted in an overestimation of mortality rates
among residents with COVID-19, because COVID-
19 residents with less severe or without any signs
and symptoms were underrepresented. Second, for
the same reason, we were not fully able to exam-
ine the occurrence of asymptomatic presentation
of COVID-19 in residents with dementia and PD.
Lastly, we were not able to correct mortality rates
for factors such as medication use or acute illness
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such as influenza since we had no data about these
factors.

CONCLUSION

Dutch NH residents with COVID-19 have an 18
times greater risk of death within 30 days compared
to controls. Dementia and PD were significant addi-
tional risk factors for mortality in residents with
COVID-19. Male sex was also an increased risk fac-
tor for mortality in residents with COVID-19, but this
was not significantly higher than in the control group
and thus is not unique to COVID-19.

Our findings highlight the importance of COVID-
19 infection prevention in NHs and providing enough
healthcare resources to implement such preventive
strategies especially for institutionalized patients
with PD and/or dementia, thereby also taking into
account the potential negative consequences of pre-
ventive COVID-19 measures for quality of life in
these subgroups.

Finally, our findings stress the frailty of PD and
dementia in NH residents with COVID-19 and are rel-
evant to consider in prognostication, communication
and care planning with residents and their families.
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