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Abstract.
Background: Persisting symptoms and increased mortality after SARS-CoV-2 infection has been described in COVID-19
survivors.
Objective: We examined longer-term mortality in patients with dementia and SARS-CoV-2 infection.
Methods: A retrospective matched case-control study of 165 patients with dementia who survived an acute hospital admission
with COVID-19 infection, and 1325 patients with dementia who survived a hospital admission but without SARS-CoV-2
infection. Potential risk factors investigated included socio-demographic factors, clinical features, and results of investigations.
Data were fitted using a Cox proportional hazard model.
Results: Compared to patients with dementia but without SARS-CoV-2 infection, people with dementia and SARS-CoV-2
infection had a 4.4-fold risk of death (adjusted hazard ratio [aHR] = 4.44, 95% confidence interval [CI] 3.13–6.30) even beyond
the acute phase of infection. This excess mortality could be seen up to 125 days after initial recovery but was not elevated
beyond this time. Risk factors for COVID-19-associated mortality included prescription of antipsychotics (aHR = 3.06, 95%CI
1.40–6.69) and benzodiazepines (aHR = 3.00, 95%CI 1.28–7.03). Abnormalities on investigation associated with increased
mortality included high white cell count (aHR = 1.21, 95%CI 1.04–1.39), higher absolute neutrophil count (aHR = 1.28,
95%CI 1.12–1.46), higher C-reactive protein (aHR = 1.01, 95%CI 1.00–1.02), higher serum sodium (aHR = 1.09, 95%CI
1.01–1.19), and higher ionized calcium (aHR = 1.03, 95%CI 1.00–1.06). The post-acute COVID mortality could be modeled
for the first 120 days after recovery with a balanced accuracy of 87.2%.
Conclusion: We found an increased mortality in patients with dementia beyond the acute phase of illness. We identified
several investigation results associated with increased mortality, and increased mortality in patients prescribed antipsychotics
or benzodiazepines.
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INTRODUCTION

Physical, neuropsychiatric, and cognitive symp-
toms frequently persist in COVID-19 survivors, and
symptom persistence is associated with initial disease
severity [1–18]. Cognitive symptoms can persist for
a longer than other symptoms [1, 9, 19], and peo-
ple with dementia may suffer disproportionally from
persisting symptoms [20–22].

Infection with SARS-CoV-2 does not only increase
the risk of death during the period of acute infec-
tion. Increased risk of death has been reported for 12
months after initial infection [23, 24]. The reasons for
this persistently increased risk are not clear but may
relate to ongoing inflammatory or pro-thrombotic
effects of infection. Dementia, independent of age,
is a well-described risk factor for mortality during
acute infection with SARS-CoV-2 [25–30]. To date,
the longer-term mortality for patients with dementia
who survive the acute phase of infection, and any
risk factors for mortality in this context, have not
been described. Accurate identification of risk fac-
tors may have clinical application as it would allow
for enhanced care for those most at risk.

We used routinely collected UK National Health
Service (NHS) data, examining a cohort of patients
with dementia, with or without SARS-CoV-2 infec-
tion, to address three questions. Firstly, is there
increased longer-term mortality among people with
dementia after SARS-CoV-2 infection, beyond the
acute phase? If so, for how long does this period
of higher mortality risk last? Thirdly, what base-
line demographic, clinical, and biomarker factors are
associated with that additional risk, and can these be
used to model mortality?

METHODS

Study design and participants

We performed a retrospective matched case-
control study using structured electronic health
record (EHR) data collated in the EpiCov database,
which was extracted from the Cambridge Univer-
sity Hospitals (CUH) National Health Service (NHS)
Foundation Trust, a large UK teaching hospital Trust
that has 1268 beds and provides local, regional,
and national services [31]. CUH’s electronic clinical
records contain patient information recorded dur-
ing routine treatment, including socio-demographic
information, diagnoses, prescription data, laboratory
results, and death status. Clinicians enter aspects of

this information in a systematic and structured way
[32]. We extracted demographic, clinical, and labo-
ratory data relating to people with coded diagnoses
of dementias, including associated COVID-19 test
data, to compare survival trajectories in people with
dementia with or without SARS-CoV-2 (COVID-19)
infection who were admitted to hospital. Data were
de-identified before researchers were given access
and were analyzed under approvals from the East
of England Cambridge East NHS Research Ethics
Committee (reference 20/EE/0270).

Data were collected from 23 March 2020 to 10
April 2022. Eligible patients were those with a
coded diagnosis of dementia using World Health
Organization (WHO) International Statistical Clas-
sification of Diseases (ICD-10) codes F00 and G30
(Alzheimer’s disease, AD), F01 (vascular dementia,
VD), F02 (dementia in other diseases), F03 (unspec-
ified dementia), and G31.8 (dementia with Lewy
bodies, DLB). We only included those who required
admission for COVID-19 (likely reflecting moder-
ate/severe disease). We excluded those who had been
diagnosed with dementia subsequent to SARS-CoV-2
infection, and people with more than one infec-
tion with SARS-CoV-2. The “exposure” cohort were
those people with dementia and laboratory-confirmed
SARS-CoV-2. The control group were matched (at
a maximum ratio of 10:1) from admitted patients
with dementia but no confirmed SARS-CoV-2 infec-
tion, matched on age (±1 year), sex, and dementia
diagnosis date (±1 year). Laboratory confirmation of
SARS-CoV-2 was based on diagnostic reverse tran-
scription polymerase chain reaction (RT-PCR) tests,
as recommended by the WHO. The procedure is sum-
marized in Fig. 1.

The period of follow-up was selected to exclude
the early/acute phase of COVID-19 infection and
thus examine subsequent trajectories. Therefore, the
index date was the date of discharge. Follow-up was
until the date of their death, or the study end date,
whichever occurred first.

Data collection

Death status was ascertained by regular linkage to
national NHS Spine mortality data for all patients
known to CUH. The regular linkage ensured that
death was well recorded in the CUH even though it
happened after discharge.

We examined the following socio-demographic
variables: age at baseline (in years), sex (male versus
female), marital status (married, cohabiting, or civil
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Fig. 1. STROBE diagram showing construction of the cohorts.

partnership versus single, divorced, or widowed), eth-
nicity (white, other ethnicities, and not known).

We included the following clinical features
in the analysis: physical co-morbidity (measured
by the Charlson Comorbidity Index [CCI]) and
medicine utilization at baseline. The CCI con-
tains 19 categories of comorbidity (covering most
comorbidities that were plausible risk factors for a
worse prognosis in people infected with COVID-
19 [33, 34]) and can be used to predict 10-year
mortality for patients who have a range of comor-
bid conditions [35]. The formula and ICD-10
codes used for identifying comorbidities can be
found elsewhere [36, 37]. Medicines examined
included those used to treat dementia or its behav-
ioral and psychological sequelae (Supplementary
Table 1), including antipsychotics, antidepressants,
antiepileptic drugs, benzodiazepines, opioids, acetyl-
cholinesterase inhibitors (AChEIs), and memantine.
Medicines were selected according to UK National
Institute for Health and Care Excellence (NICE)
guidelines and extracted from structured prescription
records. Patients were defined as having been using
medicines if these were corresponding prescriptions
within three months before the index date.

We also investigated laboratory blood results at
baseline, including inflammatory markers (white
blood cell count [WBC], procalcitonin, and C-

reactive protein [CRP]), renal function markers
(estimated glomerular filtration rate [eGFR], serum
sodium, serum potassium, serum urea), liver func-
tion markers (albumin, alkaline phosphatase, alanine
transaminase [ALT], total bilirubin), respiratory
markers (venous pO2 and pCO2), and other hema-
tology and biochemistry markers. Biomarker values
were extracted from the laboratory tests closest to but
before the index date (date of discharge).

Statistical analysis

To describe the baseline characteristics of this
cohort, categorical variables were reported as number
(percentage), and continuous variables were reported
as mean (standard deviation, SD). Baseline differ-
ences between groups were assessed via two-tailed t
tests (for continuous variables) and chi-square tests
(for categorical variables).

A Cox proportional hazard model was used
to estimate the association between SARS-CoV-2
infection and mortality, controlling for socio-
demographic variables, physical comorbidity, and
use of antipsychotics, antidepressants, antiepileptic
drugs, benzodiazepines, AChEIs, and memantine,
with matching group identity as a cluster variable.
The preliminary results (Supplementary Table 2,
showing the Schoenfeld test for the proportional
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hazards assumption, and Supplementary Figure 1,
showing the hazard ratio with 95% confidence inter-
vals [CI] against follow-up time) indicate that the
influence of SARS-CoV-2 infection on death violated
the proportional hazard assumption of Cox regres-
sion, and suggested that the effect of SARS-CoV-2
infection had a point of inflexion at about 125 days.
We therefore estimated coefficients by splitting the
follow-up time into two intervals and including this
as a stratification variable. To ensure the consistency
of our results, the Cox regression was conducted in a
hierarchical approach.

Two sensitivity analyses were conducted by
including only exposure cases and their matched con-
trol cases with index dates between 1 October 2020
and 1 June 2021, and (separately) between 1 August
2021 and 1 April 2022. These two sensitivity analyses
aimed to check the consistency of our results under
possible changes in treatment efficacy (treatments
were improving across our study period) and the
lethality of SARS-CoV-2 (virus strains were evolving
likewise).

We explored the risk factors for the additional risk
of death caused by the SARS-CoV-2 infection dur-
ing the first 125 days afterwards the acute phase of
COVID-19 identified in the above cox model. Inter-
actions between potential risk factors or biomarkers
and COVID-19 status (yes or no) were included in
the above Cox model but limit the follow-up time to
the first 125 days.

We built eight prediction models covering lin-
ear algorithms (including linear discriminant analysis
and logistic regression), non-liner algorithms (includ-
ing decision tree, k-nearest neighbors algorithm,
neural network, and naive Bayes), and advanced
algorithms (including support vector machines and
random forest), to predict the death within 1 week, 3
weeks, 1 month, 2 months, 3 months, and 4 months,
after the acute period of COVID-19, based on the
baseline data. All models fitted for each time window
separately. The cohort data was randomly split into a
“training” dataset (accounting for 80% of the cohort
data) and a “test” dataset (comprising the remaining
20%). Given the relatively small number of deaths,
training dataset was balanced by synthetic minority
oversampling technique (SMOTE), an oversampling
technique where the synthetic samples are generated
for the minority class [38]. All of the eight mod-
els were trained and tuned in the training dataset
exclusively using a 5-fold cross-validation. Because a
detailed description of the methodology of the above
prediction models is beyond the scope of this applied

study, all parameters were set to default. We include
our source code in the supplementary data to provide
detailed information about our pre-processing meth-
ods. Briefly, these models were performed via the
‘caret’ package (version 6.0–92) in R, with method
“lda” for linear discriminant analysis, method “glm”
and family “binomial” for logistic regression, method
“rpart” for decision tree, method “knn” for k-nearest
neighbors algorithm, method “nnet” for neural net-
work, method “naive bayes” for naive Bayes, method
“svmRadial” for support vector machines (SVM),
and method “rf” for random forest. The outcome
was death status (yes or no) during the prediction
window, and predictors included all the variables
(listed in Table 1) and their interactions with SARS-
CoV-2 infection (yes or no). Model performance was
reported exclusively on the test dataset, with the index
of accuracy.

We used R (version 3.6.0) for all analyses and
defined statistical significance as p < 0.05. Results are
reported following the STROBE checklist for cohort
studies.

RESULTS

Between 23 March 2020 and 10 April 2022,
a total of 165 discharged patients with dementia
who went through their acute phase of COVID-19
were included in the exposure cohort, and 1,325
dementia patients without SARS-CoV-2 infection
were included in the control cohort (Fig. 1). The
cohorts were followed up for a mean of 239.4
and 363.8 days, respectively (Table 1). There were
some differences in the baseline (date of discharge
from hospital) characteristics of patients between the
two cohorts (Table 1). Patients in the SARS-CoV-
2 exposure cohort were more likely to have been
prescribed antidepressants (p = 0.0134), antipsy-
chotics (p < 0.0001), antiepileptic drugs (p = 0.0002),
benzodiazepines (p < 0.0001), opioids (p = 0.0016),
and AChEIs (p = 0.0409). No significant difference
between the two groups was observed for demograph-
ics characteristics, including age (p = 0.5948), sex
(p = 0.8588), marital status (p = 0.4057), and ethnic-
ity (p = 0.0648), or other clinical features including
physical comorbidity (p = 0.1718) and memantine
use (p = 0.88). Comparison of the biomarkers is also
shown in Table 1.

Figure 2 presents survival curves. In unadjusted
analyses, mortality rates were higher after people
with dementia had survived their acute phase of
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Table 1
Patient characteristics at baseline. Baseline means the date of discharge from hospital. Data are shown as mean (standard deviation [SD])
or number (percentage). p values for continuous variables were obtained by ANOVA, and for categorical variables via Pearson’s chi-square

test. U, units

SARS-CoV-2 SARS-CoV-2 p
unexposed group exposed group

(N = 1,325) (N = 165)

DEMOGRAPHICS
Age (y) 85.2 (7.1) 85.6 (7.4) 0.5948
Sex (=male) 532 (40.2%) 68 (41.2%) 0.8588
Marital status (=married, cohabiting, or civil partnership) 620 (46.8%) 71 (43%) 0.4059
Ethnicity

White 1,067 (80.5%) 123 (74.5%) 0.0648
Others 16 (1.2%) 5 (3.0%)
Not Known 242 (18.3%) 37 (22.4%)

Death (=yes) 342 (25.8%) 71 (43.0%) <0.0001
Follow-up duration (days) 363.8 (234.0) 239.4 (237.0) <0.0001
CLINICAL FEATURES
Physical comorbidity (CCI score) 5.3 (1.8) 5.5 (2.0) 0.1718
Antidepressant use (=yes) 460 (34.7%) 74 (44.8%) 0.0134
Antipsychotic use (=yes) 228 (17.2%) 55 (33.3%) <0.0001
Antiepileptic use (=yes) 212 (16%) 46 (27.9%) 0.0002
Benzodiazepine use (=yes) 460 (34.7%) 90 (54.5%) <0.0001
Opioid use (=yes) 691 (52.2%) 108 (65.5%) 0.0016
AChEI use (=yes) 302 (22.8%) 50 (30.3%) 0.0409
Memantine use (=yes) 260 (19.6%) 31 (18.8%) 0.8800
BIOMARKERS
Inflammatory markers
White blood cell count (×109/L) 8.707 (3.631) 7.563 (2.61) <0.0001

Absolute neutrophil count (×109/L) 6.199 (3.04) 5.53 (2.373) 0.0013
Absolute lymphocyte count (×109/L) 1.386 (1.683) 1.257 (0.717) 0.0836
Absolute monocyte count (×109/L) 0.529 (0.231) 0.475 (0.2) 0.0015
Absolute eosinophil count (×109/L) 0.172 (0.162) 0.128 (0.116) <0.0001
Absolute basophil count (×109/L) 0.04 (0.023) 0.034 (0.019) 0.0007

Procalcitonin (�g/L) 0.221 (0.072) 0.25 (0.089) 0.0001
C-reactive protein (mg/L) 37.871 (48.114) 46.199 (45.273) 0.0303
Renal function/electrolytes
eGFR (mL min–1 1.73 m–2) 62.017 (18.348) 61.158 (17.757) 0.6845
Serum sodium (Na+) (mM) 138.233 (3.909) 139.696 (4.503) 0.0001
Serum potassium (K+) (mM) 4.161 (0.43) 4.086 (0.433) 0.0394
Serum urea (mM) 8.261 (4.004) 8.352 (3.643) 0.7699
Liver function tests
Albumin (g/L) 32.48 (5.138) 28.567 (4.744) <0.0001
Alkaline phosphatase (U/L) 98.092 (65.65) 109.47 (88.649) 0.1147
Alanine transaminase (alanine aminotransferase) (U/L) 24.263 (32.74) 30.711 (40.046) 0.0524
Total bilirubin (�M) 11.368 (8.706) 13.229 (38.852) 0.5431
Respiratory markers
Venous PO2 (kPa) 4.775 (3.281) 4.375 (1.618) 0.0157
Venous PCO2 (kPa) 6.042 (0.854) 5.986 (0.929) 0.4731
OTHER BIOMARKERS
Hematology
Hematocrit (L/L) 0.381 (0.052) 0.378 (0.049) 0.4595
MCHC [g/L] 30.404 (2.251) 29.752 (1.835) <0.0001
Mean cell volume (fl) 91.585 (5.867) 91.389 (4.889) 0.6392
Red blood cell count (×1012/L) 4.125 (0.571) 4.132 (0.555) 0.8781
Platelet count (×109/L) 253.149 (85.697) 286.767 (108.84) 0.0002
Hemoglobin (g/L) 122.083 (17.191) 121.942 (15.6) 0.9149
Red blood cell distribution width (%) 14.531 (1.491) 14.497 (1.527) 0.7868
Platelet distribution width (%) 51.932 (6.776) 52.283 (6.632) 0.5276
Mean platelet volume (fl) 8.816 (1.032) 8.822 (0.879) 0.9353

(Continued)
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Table 1
(Continued)

SARS-CoV-2 SARS-CoV-2 p
unexposed group exposed group

(N = 1,325) (N = 165)

Point-of-care biochemistry:
(Point-of-care test) ionized calcium (mM) 1.184 (0.062) 1.167 (0.062) 0.0014
(Point-of-care test) FiO2 22.435 (5.646) 23.028 (5.63) 0.2178
(Point-of-care test) Temperature (◦C) 36.957 (0.481) 37.093 (0.459) 0.0054
(Point-of-care test) Hydrogen ion concentration (H+) (�M) 41.944 (3.847) 41.341 (4.336) 0.1758
(Point-of-care test) Lactate (mM) 1.894 (0.88) 1.94 (0.782) 0.5847
(Point-of-care test) Base excess (mM) 0.978 (2.901) 0.919 (2.71) 0.8011
(Point-of-care test) Venous oxygen saturation (SpO2) [%] 57.392 (20.065) 55.521 (19.45) 0.3571
Other biochemistry
Glucose, venous (mM) 7.241 (2.397) 7.139 (2.481) 0.6262
Bicarbonate (HCO3

–) (mM) 26.175 (2.955) 26.136 (2.991) 0.8786
Calcium (Ca2+) (mM) [corrected] 2.374 (0.134) 2.331 (0.133) 0.0003
Phosphate (PO4

2–) (mM) 1.092 (0.191) 1.03 (0.189) 0.0003
Thyroid-stimulating hormone (mU/L) 2.885 (5.688) 2.845 (4.316) 0.9258

CCI, Charlson Comorbidity Index; AChEI, acetylcholinesterase inhibitors; eGFR, estimated glomerular filtration rate; MCHC, Mean
corpuscular hemoglobin concentration; FiO2, fraction of inspired oxygen.

COVID-19 infection, compared to those who were
not exposed to SARS-CoV-2 (p < 0.0001). Figure 2
also shows a violation of the proportional hazards
assumption of Cox regression, as also indicated by
the results shown in Supplementary Table 2 and Sup-
plementary Figure 1.

After controlling for confounding by sociodemo-
graphic factors (age, sex, marital status, ethnicity)
and clinical features (physical comorbidity, antide-
pressant use, antipsychotic use, antiepileptic drug
use, benzodiazepine use, opioid use, AChEI use,
and memantine use), compared with patients with
dementia but without SARS-CoV-2 infection, peo-
ple with dementia and SARS-CoV-2 infection had
a 4.4-fold risk of death (adjusted hazard ratio [HR]
4.44, 95% confidence interval [CI] 3.13–6.30) dur-
ing the first 125 follow-up days after they survived
their acute phase of COVID-19. This additional mor-
tality risk decreased significantly after 125 follow-up
days (HR 0.26, CI 0.15–0.44) and were similar to
the general level among people with dementia but
without SARS-CoV-2 infection (Supplementary Fig-
ure 1). The hierarchical analysis (shown in models 1
model 2 in Table 2) confirmed the consistency of these
results. The sensitivity analyses examining differ-
ent time periods, to account for potential changes in
treatment efficacy and SARS-CoV-2 lethality (Sup-
plementary Figures 2 and 3; Supplementary Tables 3
and 4) also confirmed the consistency of the results.

Table 3 shows the risk factors that predicted addi-
tional mortality risk in people with dementia after
admission with SARS-CoV-2 infection, compared to
people with dementia after admission without SARS-

CoV-2 infection. The risk factors included unknown
ethnicity (adjusted HR 3.06, CI 1.04–8.94), taking
an antipsychotic (adjusted HR 3.06, CI 1.40–6.69),
taking a benzodiazepine (adjusted HR 3.00, CI
1.28–7.03), and having a higher WBC (adjusted
HR 1.21, CI 1.04–1.39), a higher absolute neu-
trophil count (adjusted HR 1.28, CI 1.12–1.46),
higher C-reactive protein (adjusted HR 1.01, CI
1.00–1.02), higher serum sodium (adjusted HR 1.09,
CI 1.01–1.19), and higher ionized calcium (adjusted
HR 1.03, CI 1.00–1.06), while the factors associ-
ated with decreased mortality were a higher absolute
lymphocyte count (adjusted HR 0.35, CI 0.13–0.95),
higher absolute basophil count (adjusted HR 0.00,
CI 0.00–0.28), higher albumin (adjusted HR 0.90,
CI 0.84–0.98), and higher bicarbonate (adjusted HR
0.87, CI 0.76–0.99).

Figure 3 presents the accuracy with different pre-
diction windows. These indicate that using baseline
data, post-acute COVID-associated death after dis-
charge from hospital could be predicted, taking the
results from the random forest model as an exam-
ple, within 7 days with a balanced accuracy of
94% and within 120 days with a balanced accuracy
of 87.2%.

DISCUSSION

Using a retrospective matched case-control study
based on a large and comprehensive clinical record
database, and after controlling for known risk factors
for mortality including socio-demographic factors,
medications, physical and psychiatric morbidities,
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Fig. 2. Kaplan-Meier survival curves of mortality in people with dementia, by COVID-19 status. p values are calculated from the log-rank
test.

Table 2
Association between SARS-CoV-2 infection and mortality during different follow-up days

Model 1 Model 2 Model 3

COVID-19 status

No COVID-19 infection Reference Reference Reference

COVID-19 infection 5.10 (3.60–7.17)∗∗∗ 5.00 (3.53–7.10)∗∗∗ 4.44 (3.13–6.30)∗∗∗
COVID-19 infection × follow-up >125 days (=yes) 0.25 (0.15–0.43)∗∗∗ 0.24 (0.14–0.40)∗∗∗ 0.26 (0.15–0.44)∗∗∗

Data are shown as hazard ratios (HRs) and their 95% confidence intervals. Follow-up time was split into two segments as the risk changed over
time (see Methods). Model 1 estimated the unadjusted HR. Model 2 is adjusted for age, sex, marital status, and ethnicity. Model 3 is adjusted
for age, sex, marital status, ethnicity, physical comorbid, antidepressant use, antipsychotic use, antiepileptic drug use, benzodiazepines use,
opioid use, acetylcholinesterase inhibitor use, and memantine use. ∗p < 0.5, ∗∗p < 0.01, ∗∗∗p < 0.001.

we found that SARS-CoV-2 infection was associated
with a nearly 4-fold higher risk of death among peo-
ple with dementia after recovery from acute infection
and discharge from hospital. This excess mortality
persisted for 125 days. Risk factors (demographic,
clinical features, and biomarkers) for these additional
risks were identified. We were able to use the risk fac-
tors identified to predict mortality during the period
of increased risk with reasonable accuracy.

Our findings confirmed our hypothesis that the
mortality following SARS-CoV-2 infection among
people with dementia remains raised beyond the acute
phase of the illness. The longer-term excess mortality
identified in our study is consistent with emerging evi-
dence identifying persistence of symptoms [1–18],
especially cognitive symptoms [1, 9, 19] following

recovery from the acute phase of illness. The addi-
tional mortality risk identified in our study is also
in keeping with another UK study including 24,673
discharged COVID-19 patients, which indicated that
all-cause post-discharge mortality was higher in the
COVID-19 group than in the general population [24].
Here we show that post-acute-COVID mortality is
clearly raised among people with dementia and that
this might be a particularly vulnerable group.

Our findings suggest that the excess post-acute
COVID-associated mortality only persists for 125
days after initial recovery (discharge from hospi-
tal). The 125-day cut-off identified in our study
was partly consistent with a 1-year follow-up study
from Spain including 3,210 COVID-19 patients with
severe symptoms, which found that the median time
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Fig. 3. Accuracy with different prediction windows. All models fitted for each time window separately.

between hospital admission and mortality in those
patients who died while not in the hospital was 145
days [39], another 1-year follow-up study from Spain
including 56 hemodialysis patients with COVID-
19, which indicated that increased risk of death
was predominantly within the first three months
after COVID-19 diagnosis [40], and a further study
from the UK covering 24,673 discharged COVID-

19 patients, which found that excess death risk in
discharged COVID-19 patients (versus the general
population) was more pronounced in the earlier
follow-up period after discharge but decreased over
time. Our findings suggest that patients with dementia
who have been infected with SARS-CoV-2 may ben-
efit from enhanced follow-up for the first four months
after the acute infection.
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We identified a number of clinical factors and
investigation results for people with dementia and
COVID-19 associated with increased mortality.
Some of the significant factors, such as acute inflam-
mation, hypernatremia, and liver dysfunction, have
been previously described, suggesting that these gen-
eral risk factors for mortality in patients infected with
SARS-CoV-2 [40–43]. We also identified that lower
albumin was associated with a higher mortality risk,
which is consistent with previous studies [44, 45].
Low albumin may have indicated pre-existing mal-
nutrition and that being a risk factor, but we should
also note that a decrease in albumin is part of the
acute phase response to SARS-CoV-2 infection, so
more severe inflammation is a cause of lower albu-
min and it is the more severe inflammation itself that
may be a cause of death [46].

Perhaps our most striking finding was the two-
fold increased risk of death in patients prescribed
antipsychotic and benzodiazepine drugs. The med-
ications recorded on our used dataset would include
medicines being taken on admission and medicines
prescribed subsequent to admission. Antipsychotics
and benzodiazepine are known to be associated with
increased mortality in the context of dementia [47, 48]
and may aggravate neuropsychiatric symptoms in the
context of SARS-CoV-2 infection [49], but it is possi-
ble those with superimposed SARS-CoV-2 infection
might be even more vulnerable. Alternatively, it may
be that antipsychotics and benzodiazepine are more
likely to be prescribed late in the dementia disease
course when patients might be at higher risk of death
following infection. Therefore, the increased mortal-
ity seen with antipsychotics may be a direct result
of the medication, but also may be because these
drugs are prescribed to treat symptoms associated
with delirium and therefore be correlated with more
severe infection or alternatively be prescribed to man-
age the neuropsychiatric symptoms of more advanced
dementia. Any or all of these could explain the asso-
ciation with increased mortality. However, our data
should serve as a reminder to be cautious about pre-
scribing these drugs in this patient group and suggests
further investigation of the nature of this risk is appro-
priate.

Importantly, we found that baseline data could
be used to predict post-acute-COVID mortality with
acceptable accuracy. This raises the possibility of tar-
geted follow-up or intervention for those identified at
highest risk.

Strengths of our study included the use of an
anonymized electronic records database derived from

routinely collected clinical records, reducing prob-
lems such as sample selection bias, attrition, and
recall bias relative to other data sources. In addition,
the large longitudinal and population-based data from
an electronic record, containing relatively complete
information on patients and disease characteristics,
enabled us to examine the risk factors and build
a model to predict the excess post-acute COVID-
associated mortality identified.

Our work has several limitations. Firstly, nei-
ther the vaccination status nor SARS-CoV-2 variant
details were available in our dataset. However, we
matched control cases for each infected person over
the same time period, and vaccination in the UK was
prioritized in the elderly with very high rates of cov-
erage, so within each matched case-control group, the
vaccine status was likely to be similar. The sensitiv-
ity analysis covering different sub-periods, to account
for potential changes in treatment efficacy and the
lethality of SARS-CoV-2 strains over time (Supple-
mentary Figures 3 and 4, Supplementary Table 3
and 4), also confirmed the consistency of our results.
Secondly, the sample size is relatively small. This
prevented us from performing subgroup analyses for
different types of dementia, and different dementia
subtypes may be impacted differently by concomi-
tant infection [50]. Thirdly, we cannot be sure that the
control cohort did not include patients with undiag-
nosed COVID-19 infection, though during the period
covered by our study, the clinical presentation of
COVID-19 was well understood, and widespread
PCR testing was available. Fourthly, the reason for
admission is not available. Although requiring admis-
sion likely reflects moderate to severe COVID-19 in
the exposure group, we cannot completely exclude
the possible that the SARS-CoV-2 exposure cases
were admitted for other reasons with SARS-CoV-2
infection being incidental or contracted during admis-
sion. Reasons for admission in the control group
will of course vary widely. Fifthly, the naturalistic
study prevents us from making causal inferences.
For instance, although we identified that use of
antipsychotics/benzodiazepines was associated with
a higher mortality risk after discharge (following
admission associated with COVID-19) among people
with dementia, this could be because of a direct drug
effect, or because patients admitted with COVID-19
are more likely to be given these drugs to treat agitated
delirium. Sixthly, we controlled the marital status,
but it does not describe the context of the patient’s
life that may affect the risk of mortality (e.g., the
presence of a caregiver, or institutionalized patient).
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Table 3
Risk factors and biomarkers for additional risk of death among people with dementia, compared to those without COVID-19. Data are shown
as adjusted hazard ratios (HRs) and their 95% confidence intervals (CIs). Results (both for demographic/clinical variables and biomarkers)
were extracted from interactions (between the term shown and COVID-19 status) in a Cox model, controlling for age, sex, marital status,
ethnicity, physical comorbidity, antidepressant use, antipsychotic use, antiepileptic drug use, benzodiazepine use, opioid use, AChEI use,
and memantine use. A single regression, with interactions, was fitted for clinical/demographic variables, using a Cox model. For biomarkers,

each biomarker was fitted one by one in consideration of the high correlation between biomarkers. ∗p < 0.5, ∗∗p < 0.01, ∗∗∗p < 0.001

variable Hazard ratio (95% CI)

DEMOGRAPHICS
Age (y) 0.96 (0.91–1.02)
Sex (=male) 1.49 (0.73–3.06)
Marital status (=married, cohabiting or civil partnership) 0.74 (0.35–1.58)
Ethnicity

White
Others 0.45 (0.03–5.99)
Not Known 3.06 (1.04–8.94)∗

CLINICAL FEATURES
Physical comorbidity (CCI score) 0.91 (0.76–1.08)
Antidepressant use (=yes) 1.16 (0.54–2.51)
Antipsychotic use (=yes) 3.06 (1.40–6.69)∗∗
Antiepileptic use (=yes) 1.49 (0.62–3.60)
Benzodiazepine use (=yes) 3.00 (1.28–7.03)∗
Opioid use (=yes) 2.10 (0.88–4.95)
AChEI use (=yes) 0.92 (0.36–2.36)
Memantine use (=yes) 1.84 (0.75–4.53)
BIOMARKERS
Inflammatory markers
White blood cell count (×109/L) 1.21 (1.04–1.39)∗

Absolute neutrophil count (×109/L) 1.28 (1.12–1.46)∗∗∗
Absolute lymphocyte count (×109/L) 0.35 (0.13–0.95)∗
Absolute monocyte count (×109/L) 1.32 (0.19–9.03)
Absolute eosinophil count (×109/L) 0.06 (0.00–5.37)
Absolute basophil count (×109/L) 0.00 (0.00–0.28)∗

Procalcitonin (�g/L) 2.53 (0.70–9.21)
C-reactive protein (mg/L) 1.01 (1.00–1.02)∗∗
Renal function/electrolytes
eGFR (mL min–1 1.73 m–2) 1.01 (0.98–1.03)
Serum sodium (Na+) (mM) 1.09 (1.01–1.19)∗
Serum potassium (K+) (mM) 0.97 (0.32–3.00)
Serum urea (mM) 1.11 (0.99–1.23)
Liver function tests
Albumin (g/L) 0.90 (0.84–0.98)∗∗
Alkaline phosphatase (U/L) 1.00 (1.00–1.00)
Alanine transaminase (alanine aminotransferase) (U/L) 1.01 (1.00–1.01)
Total bilirubin (�M) 1.02 (0.99–1.05)
Respiratory markers
Venous PO2 (kPa) 0.97 (0.78–1.21)
Venous PCO2 (kPa) 0.68 (0.43–1.06)
OTHER BIOMARKERS
Hematology
Hematocrit (L/L) 1.01 (0.98–1.03)
MCHC [g/L] 0.99 (0.83–1.19)
Mean cell volume (fl) 1.01 (0.95–1.08)
Red blood cell count (×1012/L) 1.13 (0.49–2.61)
Platelet count (×109/L) 1.00 (1.00–1.00)
Hemoglobin (g/L) 1.01 (0.98–1.03)
Red blood cell distribution width (%) 0.98 (0.80–1.19)
Platelet distribution width (%) 1.03 (0.98–1.09)
Mean platelet volume (fl) 1.01 (0.68–1.51)
Point-of-care biochemistry:
(Point-of-care test) ionized calcium (mM) 1.03 (1.00–1.06)∗
(Point-of-care test) FiO2 1.03 (0.96–1.09)

(Continued)
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Table 3
(Continued)

variable Hazard ratio (95% CI)

(Point-of-care test) Temperature (◦C) 1.23 (0.64–2.34)
(Point-of-care test) Hydrogen ion concentration (H+) (�M) 1.02 (0.87–1.20)
(Point-of-care test) Lactate (mM) 1.03 (0.61–1.77)
(Point-of-care test) Base excess (mM) 0.88 (0.76–1.01)
(Point-of-care test) Venous oxygen saturation (SpO2) [%] 1.01 (0.99–1.04)
Other biochemistry
Glucose, venous (mM) 0.91 (0.78–1.08)
Bicarbonate (HCO3

–) (mM) 0.87 (0.76–0.99)∗
Calcium (Ca2+) (mM) [corrected] 1.12 (0.80–1.54)
Phosphate (PO4

2–) (mM) 0.28 (0.03–3.00)
Thyroid-stimulating hormone (mU/L) 1.01 (0.95–1.07)

CI, Charlson Comorbidity Index; AChEI, acetylcholinesterase inhibitors; eGFR, estimated glomerular filtration
rate; MCHC, Mean corpuscular hemoglobin concentration; FiO2, fraction of inspired oxygen.

In addition, socioeconomic indicators (e.g., living in
urban or rural areas, income) were not available in
our database. Both unavailable factors have associ-
ations with comorbidity and medication utilization
[51, 52]. Considering these factors in further stud-
ies could be necessary for precise information on
which subgroups of people with dementia infected
with SARS-CoV-2 are vulnerable to comorbidity and
prescriptions. Seventhly, a considerable proportion of
included patients were recorded as “unknown ethnic-
ity". “Unknown ethnicity” status might include the
patient not being asked their ethnicity, the patient
declining to provide details, or the patient being
unable to provide an answer (e.g., being too ill at
initial registration, without an informant to provide
these details). The first two situations are perhaps
unlikely to be associated with mortality amongst rel-
atively well patients, and an ethnicity bias amongst
the “unknown” group is less likely because no other
ethnicity differences in mortality were observed com-
pared with White (Table 3), but the possibility that
illness severity is related to ethnicity non-recording
remains plausible.

In summary, we confirm excess mortality for those
with dementia infected with SARS-CoV-2 that per-
sists beyond the acute phase of illness and after
discharge from hospital. This increased risk persisted
up to, but not beyond, 125 days. We confirmed fea-
tures previously associated with increased mortality
in patients without dementia experiencing SARS-
CoV-2 infection and found that these are also relevant
in those suffering from dementia. In addition, we
identified antipsychotic and benzodiazepine use as
being associated with increased risk of death in this
patient group, and verified that baseline data could be
used to predict the risk of mortality with reasonable

accuracy. These findings highlight the possibility of
targeting care to patients with dementia who are at
high risk of death after they have been discharged
from hospital, with a view to decreasing mortal-
ity. Our findings also highlight the importance of
including patients with dementia in trials designed
to decrease longer-term mortality after acute SARS-
CoV-2 infection, such as HEAL-COVID [53].
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