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Key summary points

Aim Confusion was more prevalent in frail than in non-frail older patients at hospital admission.

Finding COVID-19 and accelerated functional decline were associated among frail older hospitalised patients when com-
pared to non-frail.

Message Ninety-day all-cause mortality was 70% among frail hospitalised patients with COVID-19 and 15% among non-frail.

Abstract

Purpose Older people are the most frequently hospital admitted patients with COVID-19. We aimed to describe the clini-
cal presentation of COVID-19 among frail and nonfrail older hospitalised patients and to evaluate the potential association
between frailty and clinical course, decision of treatment level with outcomes change in functional capacity and survival.
Methods We performed a multi-center, retrospective cross-sectional cohort study examining data on clinical presentation and
frailty-related domains for hospitalised people aged 75 + years with a positive severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) test. Frailty was assessed at admission using record-based MPI (rtMPI) and Clinical Frailty Scale (CFS).
Decision on treatment level about invasive ventilation and cardiopulmonary resuscitation (CPR), change in CFS-score from
admission to discharge, changed need of home care, and in-hospital, 30-day and 90-day mortality were registered.

Results 100 patients (median age 82 years (IQR 78-86), 56% female) with COVID-19 were included. 54 patients were
assessed moderately or severely frail (rtMPI-score =2 or 3) and compared to non-frail (rMPI-score=1). At admission,
frail patients presented more frequently with confusion. At discharge, functional decline measured by change in CFS and
increased home care was more prevalent among frail than the non-frail. Decisions about no invasive ventilation or CPR
were more prevalent among frail older patients with COVID-19 than non-frail. Ninety-day mortality was 70% among frail
patients versus 15% in non-frail.

Conclusion Frailty seems to be associated with confusion, more frequent decisions about treatment level, larger functional
decline at discharge and a higher mortality rate among older patients with COVID-19.

Keywords COVID-19 - Frailty - Aged - Cross-sectional study - Geriatrics

Background
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Since the outbreak of COVID-19 caused by the Severe Acute
Respiratory Syndrome coronavirus 2 (SARS-CoV-2), older
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Juul-Jensens Boulevard 99, 8200 Aarhus, Denmark with COVID-19 to hospitals worldwide [1]. High age and
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Viborg, Denmark inpatients [1-6]. Patients who died from COVID-19 had a
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diabetes, malnutrition, multi-medication and functional dis-
abilities [5]. Illness severity is an important marker of risk
within the COVID-19 cohort and may be one of the most
important prognostic factors [6]. In-hospital mortality rates
are found between 27 and 31% in adults with COVID-19
[1, 4, 7]. Among patients aged 65 or older, the in-hospital
mortality rate was 32% [6], and in frail older patients, up to
65% died within 30 days [8].

Frailty is defined as reduced physiological reserve and
can be used to evaluate older patients in terms of risk of
adverse outcomes [9, 10]. Findings of Hewitt et al. show the
importance of frailty assessment, rather than age, in com-
bination with other measures in the context of COVID-19
(1). There is no consensus on how to measure frailty. Until
now, the validated tool Clinical Frailty Scale (CFS) has been
preferred in studies identifying frailty in older patients with
COVID-19. It is widely used across specialties and has short
time-consumption [1-3, 5, 6, 8, 11, 12]. The CFS was in its
origin developed to predict mortality. There is a building
evidence worldwide that age, co-morbidity and frailty meas-
ured by CFS impact the course of the disease negatively in
older patients who have been infected with COVID-19. In
the COPE study, 49% of a cohort of European hospitalized
COVID-19 positive adults were defined as frail correspond-
ing to CFS score 5 or more [1]. In the older patients aged
65 years or older, 76-80% were assessed frail at hospital
admission [6, 10]. In geriatric wards, the Multidimensional
Prognostic Index (MPI) based on Comprehensive Geriatric
Assessment (CGA) [13] is a validated and acknowledged
tool [14, 15]. Since the MPI tool consists of components
and several assessment tools, including illness severity, it
makes identification of frailty rather time-consuming. How-
ever, due to the thorough assessment, the tool is valuable
when making decisions about treatment level [15]. During
the pandemic, lack of intensive care resources has been
debated, highlighting the importance of front-line staff to
address this important topic at admission in dialog with
patients and relatives.

Frequent clinical manifestations in COVID-19 patients
include cough, dyspnea, fever, sore throat, fatigue, myalgia
and headache [16]. In addition, some patients may present
with diarrhea, vomiting, taste and smell disturbances, and
in few cases pleuritic chest pain [6, 16, 17]. Also, there are
characteristic changes on chest X-ray, CT scan and in blood
test. However, it is well known that older people often have
atypical clinical presentation of infectious diseases [18]. So
far, the clinical role of frailty among COVID-19-positive
older patients is not fully clarified. Therefore, we aimed to
describe the clinical presentations of COVID-19 in older
inpatients with regard to frailty measured by the record-
based MPI (rMPI) tool [19] and to explore possible asso-
ciations between frailty level and decision of treatment
level, change in physical functional abilities and survival.
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Subsequently, the predictive values of rMPI and CFS were
compared.

Methods
Study population and setting

We undertook a multicenter, retrospective cross-sectional
cohort study nested in the Central Denmark Region dur-
ing the time period between March 1 and May 31, 2020
which equals to the first wave of the pandemic in Denmark.
The region consists of 1,3 million inhabitants and approxi-
mately 8.5% of the population are 75 years or older [20].
In Denmark, the healthcare system is tax-funded and all
acute admissions take place in public hospitals [21]. Due to
a unique and universal identification number (Civil Registra-
tion Number, CRN) assigned to all inhabitants in Denmark
at birth or immigration, and a region-wide use of electronic
health records (EHR), it was possible to follow individual
patients across hospital admissions and summarize data
about home care needs collected in the municipalities of
the region.

We included all patients 75 years and older with a posi-
tive SARS-CoV-2 diagnostic test and an admission to one
of the seven hospitals treating acute medical conditions in
the Central Denmark Region during the study period. We
included the positive SARS-CoV-2 diagnostic test results
from all test modalities used during the study period verified
by oropharyngeal swaps and lower respiratory tract aspi-
rates, knowing that recommendations and test kits changed
rapidly during the study period. During the first wave in
Denmark, all nursing home residents with positive COVID-
19 test were admitted to hospital. The Danish health care
system never reached a point of where patients were denied
admission due to age or frailty, rather the strategy was to
admit everyone to isolate in-hospital rather than in, e.g.,
nursing homes.

Data source

Relevant CRNs were retrieved from the Central Denmark
Region data warehouse that covers all hospitals in the region
[22]. We were able to access the EHR and evaluate infor-
mation about clinical presentation and measurements in the
hospital. Also, from the EHR, we retrieved multidiscipli-
nary assessments and information on preadmission cogni-
tive and functional status and care needs generated in the
local municipalities and automatically sent to the hospital
at admission.

Data were stored in an approved REDCap database at
Aarhus University [23].
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Assessment

We used the record-based MPI (rMPI) that includes eight
domains with weighted scores to assess and divide the
patient’s frailty level at admission into low as the non-frail
patient group, and moderate and severe as the frail group
(“Appendix 1) [19, 24]. Furthermore, we used the CFS
both at admission and at discharge to describe any functional
decline in relation to the hospitalization (“Appendix 2”).

The rMPI includes assessment of activities of daily liv-
ing (ADL), mobility and instrumental ADL (IADL) by
Functional Recovery Score, cognitive status by Short Port-
able Mental Status Questionnaire (SPMSQ), co-morbidity
by Cumulated Illness Rating Scale—Geriatrics (CIRS-G),
Mini-Nutritional Assessment — short form (MNA-SF), pres-
sure sore risk by Exton Smith Scale (ESS), co-habitation
status, and number of prescribed medications. We examined
these frailty-related domains and disease characteristics for
all included patients by review of the patients’ EHR. When
rMPI score was equal to one, patients were assessed to be
non-frail and when equal to two or three, assessed to be frail.

CFS is a widely used global clinical measure of fitness
and frailty that uses pictographs and clinical descriptions to
help clinicians stratify older patients on a nine-point scale
[25]. CFS scores 1-4 are regarded not frail, whereas scores
5-9 are increasingly frail. CFS was also assessed after thor-
ough review of the EHRs.

Baseline covariates were collected from the EHR in the
month leading up to admission and included in the rMPI
and CFS, Also, CFS was estimated from descriptions in the
EHR at discharge. Further, we identified registered symp-
toms noted in the EHR at admission, relevant vital meas-
urements and blood tests, and information about decisions
on treatment level and life support according to invasive
ventilation and cardiopulmonary resuscitation (CPR). The
EHR reviews were performed by three specialists in geriatric
medicine, who have previously worked with the MPI in a
clinical setting. Initially, four EHRs were reviewed by all
three specialists to ensure inter-rater reliability. Inconsisten-
cies were identified and debated before further individual
assessments were performed.

Statistical methods

The study presents both descriptive data and associations.
Descriptive baseline characteristics for categorical variables
were calculated as percentages. Continuous variables were
calculated using mean values with standard deviations for
normally distributed data, and medians with interquartile
range for non-normally distributed data.

Between frail and non-frail patients, continuous vari-
ables were compared and analyzed using Student’s ¢ test for
normally distributed variables and the Wilcoxon rank-sum

test for non-normally distributed variables. Categorical vari-
ables were analyzed using the Pearson’s Chi squared test or
Fisher’s exact test. Also, a binary linear regression model
was used to compare the frail and non-frail patients’ clinical
presentations. The models were adjusted for age and gender.
The association between mortality of frailty was analyzed
using a multivariable regression model adjusted for the clini-
cal presentations at admission that were related to 30-day
mortality (p value <0.08). The regression models were
checked by a receiver operating characteristic (ROC) curve.

To compare the discriminative abilities of CFS and rMPI
measured at admission, the area under the ROC curve was
used to assess the predictive value of 90-day mortality. The
ROC curve plots the true-positive rate (sensitivity) against
the false-positive rate (1 —specificity) at any given cut-off
value. An area under the curve (AUC) of 0.5 indicates no
discrimination above chance, whereas an AUC of 1.0 indi-
cates perfect discrimination.

A p value <0.05 was considered statistically significant.
All statistical analyses were performed in STATA version
16 [26].

Results

The study population included 113 unique individuals with
a positive SARS-CoV-2 test and hospital admission in the
study period. Thirteen patients were excluded due to lack
of relation between positive SARS-CoV-2 test and hospital
admission.

At admission

In Table 1, baseline characteristics including clinical pres-
entations are presented by frailty status. By rMPI rating,
54% of the patients were identified as frail. The frail patients
were five years older than the non-frail (p=0.001). Frail
patients had similar symptoms and vital parameters at hospi-
tal arrival compared to the non-frail patients with exception
of confusion, that was presented in 30% of the frail and only
13% of the non-frail patients (p =0.05). Of all the patients
with confusion, 63% were known with cognitive impair-
ment. Mean hemoglobin level was 0.5 mmol/l lower in the
frail patients compared to the non-frail. No other blood test
values differed between groups.

Outcomes

Table 2 shows that registered decisions about treatment level
differed between the frail and the non-frail patients. Among
frail patients, health care professionals had registered a deci-
sion about treatment level in 96% compared to 56% among
the non-frail patients. Among the frail patients, 87% had a
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Table 1 Age, sex, social status, vital parameters, blood measurements, symptoms and examinations regarding to frailty status measured by
record-based Multidimensional Prognostic Index (rMPI) in patients with COVID-19 and aged 75 + years

Characteristics All patients N=100 Non-frail patients Frail patients '!MPI  Relative Risk or coefficient*  p value
(rMPI 1) n=46 2+4+3)n=>54 (95% CI)

Median age, y (IQR) 82 (78-86) 79.5 (77-84) 84.5 (79-89) 3.57 (1.50; 5.64) 0.001

Female sex (%) 56 30 (65) 26 (48) 1.49 (0.93; 2.39) 0.10

Social status (%)

Living with spouse 45 30 (65) 15 (28) 0.51 (0.32; 0.81) 0.005

Institution 18 0 18 (33) - NA

Living alone 37 16 (35) 21 (39) 0.97 (0.56; 1.66) 0.91
Co-morbidity (%)

Low 10 10 (22) 0

Moderate 43 31 (67) 12 (22)

Severe 47 5(11) 42 (78) 7.26 (3.12-16.9) <0.001
COVID-19 as suspected referral diagnose (%) 73 34 (77) 39 (74) 0.95 (0.76; 1.20) 0.67
Symptoms (%)

Fever 65 19 (54) 16 (46) 0.64 (0.36; 1,15) 0.14

Cough 57 28 (61) 29 (54) 1.01 (0.75; 1.38) 0.93

Dyspnea 50 21 (46) 29 (54) 1.24 (0.82; 1.88) 0.31

Chest pain 9 3(7) 6(11) 1.86 (0.47;7.31) 0.37

Myalgia 18 12 (26) 6(11) 0.60 (0.26; 1.41) 0.24

Abdominal pain 38 14 (30) 24 (44) 1.27 (0.72; 2.23) 0.4

Headache 9 6 (13) 3(6) 0.53 (0.13; 2.05) 0.35

Weakness 61 28 (61) 33 (61) 0.98 (0.70; 1.36) 0.89

Changed sense of smell/taste 0 0 0 - NA

Confusion 22 6 (13) 16 (30) 2.34(1.00; 5.51) 0.05

Fall 15 7 (15) 8 (15) 0.99 (0.59; 1.65) 0.96

Fatigue 28 15 (33) 13 (24) 0.82 (0.52; 1.27) 0.37

Other 30 14 (30) 16 (30) 0.98 (0.66-1.46) 0.93
Vital parameters, mean (SD)

Respiratory frequency 232 (6.4) 22.0(5.9) 242 (6.7) 1.28 (—1.35; 3.90) 0.34

Body temperature 38.1 (1.0) 37.9 (1.0) 38.1(1.0) 0.22 (—0.19; 0.64) 0.29

Systolic blood pressure 135 (23) 139 (23) 132 (23) —9.06 (—18.7; 0.62) 0.07

Diastolic blood pressure 73 (18) 79 21) 69 (14) -9.75 (-17.2;-2.32) 0.01

Pulse 87 (21) 86 (22) 88 (21) 0.81 (—8.14;9.76) 0.86

Saturation without oxygen, n=69 94 (4.1) 94 (3.4) 93 (4.8) —1.32(-3.54;0.91) 0.24

Saturation with oxygen, n=41 95 (3.4) 95(2.2) 95(3.9) —0.18 (—2.78; 2.42) 0.89
Blood measurements, mean (SD)

C-reactive protein [mg/1] 79 (77.1) 67 (61) 90 (88) 29 (—4.07;61.5) 0.09

Hemoglobin [mmol/I] 7.7(1.3) 8.2(1.2) 7.4(1.2) —0.69 (-1.21;-0.18) 0.001

Creatinine [umol/1] 105 (51) 93 (36) 114 (60) 17.2 (-4.32; 38.8) 0.12

LDH [U/1] n=89 301 (139) 293 (102) 308 (166) 14.8 (—49.0; 78.6) 0.65

Alkaline phosphatases [U/1] 96 (65) 87 (50.8) 103 (74) 14.3 (—13.8;42.3) 0.32

Albumin [g/1] n=88 31 (4.4) 32 (4.0) 31 4.7) —0.96 (—2.94; 1.01) 0.34
Examinations (%)

Chest X-ray 86 38 (84) 48 (89) 1.10 (0.94; 1.28) 0.22

Chest CT-scan 28 16 (36) 12 (22) 0.58 (0.29; 1.16) 0.12

Infiltrate verified by X-ray or CT-scan 78 41 (89) 37 (69) 0.82 (0.66; 1.00) 0.05

Unilateral 21 13 (28) 8 (14) 0.67 (0.31; 1.46) 0.32
Bilateral 57 28 (61) 29 (54) 0.84 (0.58; 1.21) 0.35

SARS-CoV-2 verified by swab 87 40 (87) 47 (87) 0.99 (0.86; 1.16) 0.98

SARS-CoV-2 verified by tracheal suction 28 13 (28) 15 (28) 1.15(0.61; 2.18) 0.67
CFS up to admission, median (IQR) 5(3-6) 2.5 (2-3) 6 (5-7) - <0.001

*Relative risk ratio is used in comparison of dichotomous variables and coefficient is used in continuous and normal distributed variables

Adjustment of age and sex are applied in both analysis models. Not normal distributed variables are analyzed with Wilcoxon Rank-sum Test and
presented with p values only

IQR Interquartile range, SD Standard Deviation, NA Not analysed, CFS Clinical Frailty Score
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Table 2 Outcomes in 75 +-year-old patients with COVID-19 according to frailty status measured by record-based Multidimensional Prognostic

Index (rMPI)
Characteristics All patients N=100  Non-frail patients  Frail patients Relative risk or coef- p value
(tMPI 1) n=46 (rtMP12+3) ficient* (95% CI)
n=>54
Decision of treatment level 77 25 (56) 52 (96) 1.82 (1.40; 2.36) <0.001
Opting out of invasive ventilation 55 8 (17) 47 (87) 5.09 (2.70; 9.62) <0.001
Opting out of CPR 58 10 (22) 48 (91) 4.22 (2.43;7.33) <0.001
Intensive care
Intensive care unit 14 8 (18) 6 (11) 0.63 (0.23; 1.72) 0.37
Non-invasive ventilation 0 0 0 - NA
Invasive ventilation 12 8 (17) 4 (7) 0.48 (0.15; 1.55) 0.22
Length of hospital stay, median days (IQR) 8 (3-16) 9 (2-17) 7 (4-15) - 0.66
Change* in CFS score, median (IQR) 2 (1-4) 1.5 (0-3) 3(14) - 0.02
Need of increased home care after discharge (%)
Domestic help 35 19 (41) 16 (30) 0.70 (0.42; 1.21) 0.21
Personal help 31 15 (33) 16 (30) 0.90 (0.50; 1.64) 0.74
Hospital readmission within 30 days (%) 14 10 (25) 4 (18) 0.78 (0.25; 2.45) 0.67
Mortality (%)
In-hospital 37 6 (13) 31(57) 4.68 (2.16; 10.1) <0.001
30-day 38 3(7) 35 (65) 10.3 (3.41;31.2) <0.001
90-day 45 7(15) 38 (70) 4.85(2.41;9.76) <0.001

*Relative risk ratio is used in comparison of dichotomous variables and coefficient is used in continuous and normal distributed variables

Adjustment of age and gender are applied in both analysis models. Not normal distributed variables are analyzed with Wilcoxon Rank-sum Test

and presented with p values only

IQR Interquartile range, SD Standard Deviation, NA Not analysed, CFS Clinical Frailty Score, CPR Cardiopulmonary Resuscitation

decision of “no critical care” such as invasive ventilation
and 91% had a decision of “no attempt to resuscitation”,
whereas among the non-frail it was decided in 17% and 22%,
respectively. Median length of hospital stay was 8 days with
no difference between groups.

The difference between the CFS score at admission and at
discharge showed that frail patients had a more pronounced
decline in functional capacity than non-frail patients. The
loss of functional capacity was followed by an increased
need for domestic and personal help after discharge.

In-hospital mortality was significantly higher in the
frail patients (57% vs. 13%), p <0.001. All-cause 30-day
mortality rate was 65% in the frail group versus 7% in the
non-frail groups, and 90-day mortality was 70% among the
frail patients and 15% in the non-frail group (p <0.001).
At admission, data showed that temperature above 37.5 °C,
tachypnea (> 20 breaths per minute) and systolic blood pres-
sure below 140 mmHg were associated with 30-day mortal-
ity; and creatinine more than 100 umol/l was non-signifi-
cantly associated with 30-day mortality (Fig. 1). The relative
risk of 90-day mortality in the frail patients was 4.85 (95%
CI: 2.41-9.76), p <0.001). None of the mortality-related
clinical presentations added higher or lower risk of death to
the model. Adjustment for confusion did not alter the risk of

90-day mortality (RR=0.97 (95% CI: 0.67-1.42), p=0.89).
No difference was found in unplanned 30-day readmission
rate according to frailty.

rMPI versus CFS

Figure 2 illustrates equality of the predictive values of rMPI
and CFS measured at admission. Both of the frailty tools
were capable of predicting 90-day mortality.

Discussion

Clinical presentation

The most frequent clinical presentations of COVID-19 in
the 75 + -year-old patients were fever, weakness, coughs and
dyspnea. Frailty among these patients seems to have a minor
impact on the clinical presentation at admission. However,
confusion was more prevalent in the frail compared to the
non-frail, and short-term mortality was significantly more
present in the frail patients.

In an American study, 28% of older patients admitted
to an emergency department (ED) with COVID-19 had
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Probability of 30-day mortality
OR with 95% CI

Cough

Dyspnea

Diarrhea

Headache

Weakening

Confusion

Fall accident

Fatigue

Respiratory frequency >20 per min.

Body temperature >37.5C

Systolic blood pressure <140 mmHg

Diastolic blood pressure <75 mmHg

C-Reactive Protein >10mg/I

Hemoglobin <7 mmol/I

Creatinine >100pumol/I

LDH >255 U/L

Albumin <34 g/I

Fig. 1 Prediction of 30-day mortality according to clinical presentations at admission

delirium at presentation [27]. Marengoni et al. found that
27.5% of patients admitted with COVID-19 to an acute
geriatric ward in Italy had delirium at hospital admittance
[28] which corresponds to the incidence in a Danish study
of 80 + -year-old patients with COVID-19 [29]. However,
Vrillon et al. found an even higher incidence of confusion/
delirium by 71% in patients with COVID-19 aged 85 years
or more [30]. Also, the Italian group found that patients with
delirium compared to patients with no delirium were four
times more likely to die during their hospital stay than those
without. The seriousness of delirium during admission for
COVID-19 has been investigated in a Brazilian study, where
delirium was independently associated with in-hospital
death, increased length of stay, and admission to intensive
care in older adults [31]. Patients with both frailty and con-
fusion often have a history of known cognitive impairment
[32] and we found such an association.

@ Springer

Similar to our findings, Karlsson et al. found that most
patients displayed classical symptoms of COVID-19: fever,
cough, respiratory distress, and fatigue [29]. Lui et al. found
fever to be less frequent (78%) among older patients aged
60 years or more compared to younger patients [33], which
is consistent with our study where only 65% had fever at
admission. We found a tendency towards a lower incidence
of fever in the frail patients compared to the non-frail.

Since falls are an important predictor of negative health
outcome among older patients one could have expected these
findings in our study. However, 15% of the patients had a
fall leading up to admission with COVID-19. Falls in this
acute setting are most likely an acute symptom of severe
disease rather than an expression of chronic falling among
frail individuals. In the Danish study by Karlsson et al., fall
was registered in 8% of the 80+ -year-old patients [29].
Vrillon et al. found a higher fall incidence of 25% prior to
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COVID-19-related hospitalisations of 85+ years [30]. Look-
ing into larger study populations in the future may provide
more details about presence and importance of fall in older
COVID-19 patients.

The significance of frailty

Our data indicate that front-line staff do pay more attention
to decision on treatment level among frail older patients.
Ideally, we believe that all patients should be involved in
the decision of treatment level and it should be noted in the
patient’s health record when admitted with an acute condi-
tion. Continuous attention should be paid to this topic both
in pandemics and beyond.

Not surprisingly, frail older patients with COVID-19 were
found to have a more pronounced decline in functional level
and a higher need of home care than the non-frail patients at
discharge. More detailed knowledge about declining func-
tional level and potential benefits of early in-hospital rehabil-
itation efforts is needed, as it has important socio-economic
perspectives due to increased expenses. Concordant with
our findings, a large multi-centre study found that frailty in
COVID-19 patients has been associated with increased care
needs at discharge in a large cohort study [37].

In a recent prospective study by Pilotto et al. using bed-
side MPI, they also found that older patients with COVID-
19 in MPI level 3 had a significant higher mortality rate
than the patients in MPI level 1 [38]. Besides being a strong
predictor of mortality in a Brazil cohort during the first
COVID-19 wave, frailty assessment was found to provide

extra prognostic information by capturing risk factors apart
from known risk factors associated with age, co-morbidity
and acute disease [39]. As in the study of Karlsson et al.
[29] we found no association between confusion and death.

In the blood tests measured at admission, we only found
one significant difference, where frail patients presented a
lower hemoglobin than the non-frail. Few patients presented
bleedings so our finding might be due to a more severe load
of co-morbidity in the frail group which can lead to chroni-
cal anemia [34]. By analyzing the vital parameters at admis-
sion, we can only assume that a systolic blood pressure less
than 140 mmHg and a diastolic blood pressure less than
75 mmHg were associated with 30-day mortality due to our
small sample size. Nevertheless, emerging studies have dem-
onstrated a high prevalence of hypertension among patients
with COVID-19 [35]. At present, there is no clear epide-
miological evidence supporting that hypertension itself is
an independent risk factor for developing severe disease in
patients with COVID-19 [36]. Therefore, these results must
be examined in larger studies on frail older patients with
COVID-19.

In our data, rMPI and CFS showed a fair and equal effi-
ciency to predict 90-day mortality. Our rMPI accuracy in
predicting 90-day mortality was as good as the bedside MPI
in predicting in-hospital mortality in Pilotto’s study [38].
Different settings may impact choice of frailty assessment
tool as CFS takes a short time to complete, whereas bed-
side MPI is more time-consuming. Therefore, CFS might
be more appropriately used in the ED screening patients for
frailty [10], whereas completing a bedside MPI is valuable
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as a systematic application of CGA. MPI can be recom-
mended to detangle complex physical and mental health
needs among elderly and for early discharge planning in the
geriatric wards.

Strengths and limitations

To our knowledge, this is the first study to evaluate change
in functional status during hospitalization based on detailed
data from EHRs and home care data from municipalities.
We realize that since data were collected in the beginning
of the pandemic with limited test resources, some frail older
inpatients were not diagnosed with COVID-19 and therefore
not included in the database. Due to an established public
data warehouse, all admitted patients with known COVID-
19 disease are enrolled in the cohort. During the study
period, efforts were made to bring patients with COVID-19
from nursing home (NH) to hospitals to avoid contamination
of cohabitants. The same preventive actions were applied
among patients receiving home care. The hospitals in Cen-
tral Denmark Region and in Denmark as a total did not reach
a critical number of patients during the study period and it
is not likely that any patients were kept out of hospital due
to lack of capacity.

Our study has some important limitations that needs to
be considered when interpreting the data. The record-based
reviews were only performed by one reviewer per patient.
However, in a recent study by Hansen et al., rtMPI was found
to have an acceptable inter-rater reliability and high agree-
ment when compared to bedside-rated MPI [19]. In our
study, none of the included hospitals have used standard-
ized screening tools for delirium of whether the confusion
was an expression of delirium. We based our assessment
on EHR descriptions from receiving nurses and physicians
notes and often the description was in agreement with clini-
cal presentation of delirium. Also, despite lack of validation
of the tool, we used changes in pre- and post-CFS scores and
increased home care as a proxy intending to evaluate the
potential functional decline during the hospital stay.

We did not account for differences in treatment across
hospitals and departments, and also did not account for com-
peting risk of death from other acute or chronical diseases
with high mortality that might had led to admission in the
first place. This might have introduced bias in our results
although we have adjusted for gender and age.

Due to restriction on test kits in the beginning of the pan-
demic, only patients with relevant travel activity to pandemic
areas and later only patients with classical symptoms like
coughing and dyspnea were tested. Also, one can specu-
late if people living in a nursing home facility may more
often have expressed a will about admission avoidance or
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restrictions to end-of-life care and therefore has not been
admitted, but rather have received palliative care at home.
This might have led to underdiagnoses of COVID-19 and
therefore potentially limited entrance to this study.

Despite the confined number of patients included might
restrict the conclusions that can be made based on our
results, we believe that the focus on multidimensional frailty
assessment is an important piece in the puzzle of COVID-19.

Implications

The included patients presented with a wide range of symp-
toms when admitted to the hospital. We only found minor
differences in the clinical presentation of the disease when
comparing frail older patients with non-frail, which is
important knowledge when working with geriatric patients
in the ED.

Our results suggest that COVID-19 in frail patients accel-
erate functional decline during hospitalization. This calls
for further evaluation of impact of pre- and post-discharge
rehabilitation. A large excess mortality among frail elderly
with COVID-19 calls for both disease preventive actions like
vaccinations and application of known hygienic precautions,
and continuous improvement of treatment and care of frail
older patients with COVID-19 both in-hospital and at home.
A systematic use of frailty measurements will shed light on
COVID-19 interaction with frailty domains and potentially
improve patient-centered approaches.

Bedsides, MPI and standardized assessment of delirium
among patients with COVID-19 infection are wanted to fur-
ther investigate possible impacts of frailty on COVID-19
infection. Detailed knowledge about frailty status and frailty
interactions with, e.g., co-morbidity enable the interdisci-
plinary team to closely monitor frailty domains like, e.g.,
functional status to identify specific interventions aimed to
reduce negative health outcomes.

Conclusion

In older patients with COVID-19, it seems that frailty was
associated with confusion at admission to hospital. Decision
of treatment level about invasive ventilation and cardiopul-
monary resuscitation was more prevalent among frail older
patients than non-frail. Frail patients experienced more often
a decline in physical functional abilities and had a higher
risk of short-term mortality than non-frail patients.



European Geriatric Medicine (2021) 12:1147-1157 1155

Appendix 1

Record-based multidimensional prognostic index (see
Table 3).

Table 3 MPI items and applied data collection methods in the bedside- and record-based ratings

MPI-item Bedside rating data sources Solution applied in the record-based rating

CO-habitation  Interviewing patients, relatives and/or home care staff =~ Medical record audit

Medical audit
No. of drugs  Drug chart review Medical record audit
Interviewing patients, relatives and/or home care staff ~ Drug chart review
Medical record audit Clinical pharmacist notes
FRS-ADL Physical examination Medical record audit
Clinical observation Rated as self-sufficient if no information was available

Interviewing patients, relatives and/or home care staff
Medical record audit

FRS-IADL Interviewing patients, relatives and/or home care staff ~ Medical record audit
Clinical observation Rated as self-sufficient if no information was available
Physical examination
Medical record audit

SPMSQ Structured interview (10-item questionnaire) Medical record audit
Rated as:
“Low” (3 points, score = 0) if no cognitive impairment was described
“moderate” (5 points, score = 0.5) if described as delirious
“High” (10 points, score = 1) if diagnosed with dementia
ESS Physical examination Medical record audit
Clinical observation Rated as self-sufficient if no information was available
Interviewing patients, relatives and/or home care staff
Medical record audit

CIRS-G Medical record audit Medical record audit
MINA-SF Interviewing patients, relatives and/or home care staff =~ Medical record audit
Physical examination Neuropsychological prblems were rated:
Clinical observation 0 points if the patients was diagnosed with dementia, moderate or
Medical record audit severe depression, or treated with anti-dementia drugs or antidepres-
sants

1 point if described mild cogniti ve impairment or mild depression

2 points if no cogniti ve or depressive symptoms were described

If no BMI available, BMI was rated:

0 points if described as underweight, malnouri shed, cachectic, suffer-
ing from sarcopenia or atrophy of the muscles

1 point if nutritional status was not described

2 points if described as of normal weight or well-nourished

3 points if described as overweight or obese

MPI-item: The Multidimensional Prognostic Index was an aggregate score based on the eight items

Co-habitation co-habitation status, No. of drugs number of drugs used at admission, FRS-ADL Functional Recovery Score Activities of Daily
Living, FRS-IADL Functional Recovery Score Instrumentalized Activities of Daily Living, SPMSQ Short Portable Mental Status Questionnaire,
ESS Exton Smith Scale, CIRS-G Cumulative Illness Rating Scale-Geriatrics, MNA-SF Mini Nutritional Assessment-Short Form; BMI: Body
Mass Index (kg/mz)

@ Springer



1156

European Geriatric Medicine (2021) 12:1147-1157

Appendix 2

See
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