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Abstract

Background: A variety of prediction models concerning COVID-19 have been proposed since onset of the pan-
demic, but to this date no gold standard exists. Mortality rates show a sharp increase with advancing age but with the
large heterogeneity of this population in terms of comorbidities, vulnerability and disabilities, identifying risk factors is
difficult. Therefore, we aimed to research the multidimensional concept of frailty, measured by the Acute Presenting
Older Patient (APOP)-screener, as a risk factor for in-hospital mortality in older COVID-19 patients.

Methods: All consecutive patients of 70years or older, with a PCR confirmed COVID-19 infection and a completed
APOP-score, presenting at the Emergency Department (ED) of the Jeroen Bosch Hospital, the Netherlands, between
February 27th 2020 and February 1st 2021 were retrospectively included. We gathered baseline characteristics and
scored the CCl and CFS from patient records. The primary outcome was in-hospital mortality.

Results: A total of 292 patients met the inclusion criteria. Approximately half of the patients were considered frail by
the APOP or CFS. 127 patients (43.5%) scored frail on the CFS, 158 (54.1%) scored high risk on the APOP-screener. 79
patients (27.1%) died during their hospital admission. The APOP-screener showed a significantly elevated risk of in-
hospital mortality when patients scored both high risk of functional and evidence of cognitive impairment (OR 2.24,
95% 1.18-4.25). Significant elevation of in-hospital mortality was found for the high CCl-scores (> 5)(OR 1.78, 95%
1.02-3.11), but not for the highest CFS category (5-9, frail) (OR 1.35, 95% 0.75-2.47). The discriminatory performance
of the APOP, CFS and CCl were comparable (AUC resp. 0.59 (0.52-0.66), 0.54 (0.46-0.62) and 0.58 (0.51-0.65)).

Conclusion: Although the elevated risk for in-hospital mortality found for the most frail patients as scored by the
APOP this instrument has poor discriminatory value. Additionally, the CFS did not show significance in predicting
in-hospital mortality and had a poor discriminatory value as well. Therefore, treatment decisions based on frailty or
comorbidities alone should be made with caution. Approaching the heterogeneity of the older population by adding
frailty as assessed by the APOP-score to existing prediction models may enhance the predictive value of these models.

Keywords: COVID-19, SARS-Cov2, Frailty, Predictive, Mortality

Marleen G. A. M. van der Velde and Merel J. van der Aa contributed equally
to this work.

*Correspondence: Marleen.van.dervelde@mmc.nl

2 Department of Health Services Research, and CAPHRI School for Public
Health and Primary Care, Aging and Long Term care Maastricht, Maastricht,
the Netherlands

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-022-03274-2&domain=pdf

van der Velde et al. BMC Geriatrics (2022) 22:584

Key points

+ A variety of prediction models concerning COVID-
19 have been proposed since onset of the pandemic,
but to this date no gold standard exist.

+ We aimed to evaluate the multidimensional concept
of frailty, measured by the Acute Presenting Older
Patient (APOP)-screener, as a risk factor for in-hos-
pital mortality in older COVID-19 patients. We com-
pared this to frailty as scored by the Clinical Frailty
Scale (CFS) and the Charlson Comorbidity Index
(CCI).

+ Although the elevated risk for in-hospital mortal-
ity found for the most-frail patients as scored by the
APOP, and the most comorbid patients as scored by
the CCI, they both had poor discriminatory value.

+ For predicting in-hospital mortality, the CES, as
divided into three categories, did not show prognos-
tic value.

+ Treatment decisions based on frailty or comorbidi-
ties alone should be made with caution.

+ Approaching the heterogeneity of the older popula-
tion by adding frailty as assessed by the APOP-score
to existing prediction models may enhance the pre-
dictive value of these models.

Background

The emergence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has put an enormous bur-
den on health care systems throughout the world. The
treatment of the acute respiratory distress syndrome
caused by COVID-19, consists of aggressive support-
ive care such as mechanical ventilation. When decid-
ing to administer these treatments, it could be of value
to identify patients for whom the burden of the treat-
ment outweigh the benefits. In addition, when in times
of shortage of care or with the burden of catching up on
postponed regular care, predicting which patients are
at risk of poor outcomes after infection can be of great
value as it can assist in selecting patients to be allocated
to these resources. Since the onset of this pandemic, a
lot of research has been published on risk factors of poor
outcomes, such as Intensive Care Unit (ICU)-admittance
and mortality. Major risk factors include age, male sex,
hypertension, smoking, diabetes mellitus, cardiovascular
disease, obesity, as well as different lab abnormalities [1—
7]. Various prediction models for mortality have been
proposed, using a variety of information such as age,
vital signs and specific laboratory results. In the variety
of prediction models concerning COVID-19, a division
can be made in either newly developed and validated
models most often consisting of multiple variables,
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and evaluation of the prognostic value of pre-existing
assessment tools as the Clinical Frailty Scale (CFS) and
Charlson Comorbidity index (CCI). To this date, a suf-
ficiently accurate model for predicting poor outcomes in
COVID-19 does not exist and because of the difficulties
in identifying risk factors, most often restrictive recom-
mendations have been directed broadly to people older
than 70vyears or older, irrespective of risk-factors, health
or activity status [8].

With advancing age comes a higher prevalence of
chronic conditions. A widely accepted scoring method
for measuring comorbidities is the CCIL The total score
of the CCI consists in a simple sum of the weights of 19
different morbidities, with a higher score indicating more
severe comorbid conditions and a greater mortality rate
[9]. The CCI has been evaluated for predicting mortality
in COVID-19 patients and proven independently associ-
ated with mortality [8, 10, 11].

Worldwide the older population is characterized by a
large heterogeneity in terms of comorbidities, functional
and cognitive status. However, irrespective of age and
comorbidities some individuals age faster and are more
vulnerable or susceptible to disease and disability. To
recognize this condition, the concept of frailty has been
introduced. Frailty proved to be an important predictor
of mortality in older adults in general [12]. In a recently
published study, frailty was also independently associated
with higher in-hospital mortality in older hospitalised
COVID-19 patients [13-15]. There are various instru-
ments available to measure frailty in patients presenting
at the ED. [16] The Clinical Frailty Scale (CES), is such
a judgement-based frailty tool that evaluates specific
domains as function, cognition and comorbidity to gen-
erate a score ranging from 1 (very fit) to 9 (terminally ill)
[17]. The CES has proven to be of good predictive abil-
ity for mortality in variable populations, including the
COVID-19 pandemic [13, 18-20].

Another way to quantify frailty in patients visiting the
Emergency Department (ED), which has already been
implemented in EDs throughout the Netherlands, is the
Acute Presenting Older Patient (APOP) [21]. This short
questionnaire, which can be completed in only 2 min,
consists of questions regarding performance status, med-
ical history, gender and age. The APOP-screener identi-
fies older patients at highest risk for functional decline
and mortality, and aids in recognition of cognitive
impairment and enhances appropriate care in the ED.
This frailty tool is not based on judgement in contrary
to the CFS, but is based solely on objective answers from
the patient or care-taker. Therefore, the APOP-screener
could add value to the measurement of frailty. The pre-
dictive value in patients with COVID-19, has yet to be
examined.
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The aim of this study was to determine whether the
APOP-screener, could be used as a tool to accurately
predict in-hospital mortality in older patients suffering
from COVID-19. We hypothesise that a high risk APOP-
score will be a significant predictor for mortality in older
patients with COVID-19. The secondary aim was to
compare the predictive value of the APOP-screener with
the Charlson Comorbidity Index and the Clinical Frailty
Scale.

Methods

Study design and setting

The predictive value of the APOP-screener was studied
retrospectively in older ED patients. It was performed
in a Dutch teaching hospital, the Jeroen Bosch Hospital
(JBZ), with nearly 34.500 patients visiting the ED annu-
ally. Given the retrospective design of this study, no
informed consent was necessary.

Patient privacy was ensured by pseudonymisation
of the data by replacing all identifying variables with a
unique study patient code. The medical ethics commit-
tee of the Jeroen Bosch Hospital approved this study. The
METC number is NW 2020-91.

Study population

The study sample consisted of consecutive patients, aged
70years and older, who were presented at the ED, had
a complete APOP-screening and were diagnosed with
COVID-19 (confirmed PCR nasopharyngeal, sputum or
bronchoalveolar lavage examination), between February
27th 2020 and February 1st 2021. There were no exclu-
sion-criteria defined.

Data collection

Patient selection took place by using CTcue, a self-
serviced pseudonymised data-platform, by which the
patients files can be searched [22]. Eligible patients were
identified by adding specific queries into the search
engine, see Supplementary Table 1. These data were
retrieved pseudonymised according to our defined inclu-
sion criteria, study parameters and endpoints. We col-
lected baseline characteristics, such as age, gender, living
arrangement and comorbidities following the Charlson
Comorbidity Index (CCI). Finally, we retrieved the out-
come measurements; treatment restrictions and in-hos-
pital mortality. Treatment restrictions were discussed
with each patient at the ED by their treating physician
and decision was afterwards recorded in the patient file.

Screening instruments

Frailty was quantified by using the APOP-screener. It is a
screening tool that provides an estimation of the risk of
functional decline of the patient within 3 months and the

Page 3 of 10

presence of cognitive impairment at the time of admin-
istration [23, 24]. The APOP-screener consists of 9 short
questions within a 2 min time-span. These questions lead
to an estimated risk of frailty, expressed in two domains:
risk of functional decline and estimated cognitive impair-
ment [23]. The estimated risk is converted to four out-
comes: low risk, high risk at functional decline, evidence
of cognitive impairment and both risk of functional
decline and evidence of cognitive impairment.

Although many frailty assessment instruments are
available, relatively few are validated for use in the acute
inpatient setting. Before the onset of the pandemic only
the APOP-score was used in the ED of the JBZ hospi-
tal. When infection rates peaked, concerns about possi-
ble need for prioritizing care and ICU-beds were raised.
In preparation, the Royal Dutch Medical Association
(RDMA) followed worldwide expert opinion and obli-
gated hospitals to asses frailty according to the CFS for
every admitted patient. CFS-scores for the included
patients were not retrievable at the time of data-collec-
tion, thus the CFS score was determined by the research-
ers based on information provided in the medical records
of patients, i.e. functional status, living arrangement and
need of care. Frailty status as scored by the CFS, can be
accurately assessed by retrospective review of patient
records [25-29]. The researchers were trained in assess-
ing CFS and all had appropriate expertise with practical
care for older patients. They independently ranked the
patients’ frailty according to the CFS scale, and all scores
were discussed afterwards until consensus was reached.
The CFS ranges from 1 (very fit) to 9 (terminally ill) and
is commonly divided into 3 categories (1-3 =fit, 4=vul-
nerable, 5-9 =frail) [17, 30, 31].

The CCI was scored by the researchers based on infor-
mation found in the medical records of the patients. It
ranges from 0 until 37, with higher scores indicating more
comorbidities [9]. Most studies using CCI for predict-
ing mortality in patients with COVID-19 divide patients
using the categories 1-2, 3—4 and >4 [11, 32]. However,
when considering a population with many comorbidities
these categories often results in a severely skewed ratio,
and are therefore not appropiate [33]. Therefore, the CCI
was divided in a low category [1-4] and a high category
(> 5). For a summary of these instruments, see Table 1.

Outcomes

The primary outcome was the predictive value of the
APOP-screener on in-hospital mortality after ED-pres-
entation. Secondary outcome was the comparison of the
predictive value of the APOP-screening compared to the
CCI and the CFS.
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Table 1 Overview of included screening and prediction models
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Model Validated in Items

APOP [21] Patients >70years

Acute Presenting Older Patient.

Seven predictors that are collected in less than 2 minutes after ED arrival: age, sex, arrival by ambulance,
need of regular help, need for help with bathing and showering, hospitalization in the past 6 months, and
impaired cognition (defined as having dementia, an incorrect answer on at least one of two 6-CIT questions
["what year is it now?"and/or “say the months in reverse order”], or no data of cognition). Possible result:‘low
risk; ‘high risk of functional decline; ‘evidence for impaired cognition’ or *high risk of functional decline and

evidence for impaired cognition’

Clinical frailty  All patients (in critically
scale [13, ill patients; >65 years)
17-20]
Charlson
Comorbidity
Index [9, 11,
34]

All patients

Measure of pre-admission health state; 2 weeks prior to admission. Ranges from 1 to 9, with higher values
indicating greater frailty: 1 =very fit, 2=well, 3=managing well, 4 = very mildly frail (previously ‘apparently
vulnerable’), 5=mildly frail, 6=moderately frail, 7 = severely frail, 8 = very severely frail and 9 =terminally ill.

Measures several comorbidities and combines them with age, resulting in a total score between zero and 37.

APOP Acute presenting Older Patient — screening

Statistical analysis

Baseline characteristics were analysed using descriptive
statistics on the observed data. Continuous data are pre-
sented as mean and standard deviation (SD) or median
and interquartile range (IQR), nominal data are pre-
sented as number and percentage. To compare the base-
line characteristics between the survivor- and deceased
group, p-values were calculated by using Pearson’s chi-
square or Fisher’s exact test for categorical variables,
and the independent-samples t-test or Mann-Whitney
U test for continuous variables. To assess the associa-
tion between in-hospital mortality and the frailty-instru-
ments, odds ratios (ORs) and 95% confidence intervals
(CI) were calculated using binary logistic regression,
with the determinant ‘low risk’ as reference-category.
Subgroup analysis was performed to calculate this asso-
ciation in the no treatment restriction group. To com-
pare the two screenings-instruments, we calculated the
area under the receiver operating characteristic curve
(AUC) to quantify the discriminatory performance of the
screenings models. An AUC of 0.5 corresponds to very
poor discriminatory performance, whereas an AUC of
1.0 means perfect discriminative ability. All data were
analysed using the software Statistical Package for the
Social Sciences (SPSS), version 25 (IBM Corp, New York,
USA). Significance was set at 0.05.

Results

Baseline characteristics

Table 2 shows baseline characteristics. During the study
period, 292 patients were included. The mean age of
patients was 79.5years (SD 6.3), with more male patients
(57.5%). The median Charlson Comorbidity Index was 5
(range 1-12), 176 patients had a CCI-score of >5 (60.3%).
A minority of the patients had a BMI of 30 or above
(36, 12.3%), even lower patient numbers suffered from

moderate to severe kidney disease (6, 2.1%) as scored by
the CCI. (Table 2).

Approximately half of the patients were considered
frail by one or both screening instruments. 127 patients
(43,5%) scored frail (scores 5 to 9) on the CFS and 158
(54.1%) scored high risk in the APOP-screener (see
Fig. 1). In our population there were no patients with a
CFES-score of 9, indicating patients who are terminally
ill. The highest and lowest scores of the APOP-screener
correlate with corresponding scores of the Clinical
Frailty scale. Approximately 75% of the patients with
the ‘low risk’ APOP result, score ‘fit’” or ‘vulnerable’ on
the CFS. Patients with a high risk of functional decline,
on its own or in combination with evidence of cognitive
impairment, correspond with higher CFS-scores in our
population. When patients score merely high risk on the
cognitive domain, the majority falls within the lower cat-
egories of the CFS. (see Fig. 1).

In this study population 79 patients (27.1%) died during
their hospital stay. These patients were older and more
often male, respectively 69.6% vs 53.6%, p-value 0.011. In
our cohort, a BMI of 30 or above or severe kidney dis-
ease did not significantly differ between the patients that
deceased during or survived their hospital stay. Over-
all, most of the patients in the study sample had treat-
ment restrictions. A significant difference in all of the
treatment restrictions was found between the patients
who died and those who survived. 66 patients (83.5%)
that died during their admission had a ‘do not resusci-
tate’ restriction versus 136 patients (63.8%) who sur-
vived (p-value 0.020), 66 patients (83.4%) that died had
a ‘do not intubate’ restriction versus 129 (60.6%) of the
patients who survived (p 0.014) and 63 patients (79.7%)
in the mortality group had a ‘no ICU admission’ restric-
tion versus 122 patients (57.3%) in the survival group
(p-value 0.007).



van der Velde et al. BMC Geriatrics (2022) 22:584 Page 5 of 10
Table 2 Patient characteristics at admission to the emergency department
Characteristics Total Alive at discharge In hospital mortality p-value
N=292 N=213 N=79
Days of follow-up (median; IQR) 114 (68-272) 110 (65-271) 118 (73.5-273.5) 0.281
Age (mean £ SD) 795+63 79.0+6.2 80.7£64 0.040
70-74years 79 (27.1%) 61 (28.6%) 8 (22.8%)
75-79years 7 (26.4%) 1(28.6%) 6 (20.3%)
80-84 years 68 (23.3%) 47 (22.1%) (26 6%)
>85years 8 (23.3%) 44 (20.7%) 4 (30.4%)
Gender 0.011
Female 124 (42.5%) 100 (46.9%) 24 (30.4%)
Male 168 (57.5%) 113 (53.1%) 55 (69.6%)
BMI> 30 (kg/mz) 36 (12.3%) 27 (12.7%) 9 (11.4%) 0.836
Missing 154 (52.7%)
Moderate to severe kidney failure, in CCl 6 (2.1%) 5(2.3%) 1(1.3%) 0.565
Living arrangement before ED 0.182
Missing 18 (6.1%)
Home, without homecare 171 (58.6%) 131 (61.5%) 40 (50.6%)
Home, with homecare 73 (25.0%) 46 (21.6%) 27 (34.2%)
Home, no further information 14 (4.8%) 11 (5.2%) 3(3.8%)
Care/nursing home or other 13 (4.5%) 9 (4.2%) 4(5.1%)
APOP? 0.071
Low risk on adverse outcomes 134 (45.9%) 107 (50.2%) 27 (34.2%)
High risk of functional decline 26 (89.0%) 7 (8.0%) 9 (11.4%)
Evidence of impaired cognition 60 (20.5%) 43 (20.2%) 17 (21.5%)
High risk of functional decline and evidence of 72 (24.6%) 46 (21.6%) 26 (32.9%)
impaired cognition
Clinical Frailty Scale 0.121
Missing 18 (6.1%)
Fit [1-3] 101 (34.6%) 76 (35.7%) 25 (31.6%)
Vulnerable [4] 46 (15.8%) 38 (17.8%) 8 (10.1%)
Frail [5-9] 127 (43.5%) 88 (41.3%) 39 (49.4%)
Charlson Comorbidity Index (median; minimum- 5 (1-12) 5(1-12) 5(3-12) 0.040
maximum)
Missing 3 (1.0%)
cCl1-4 113 (38.7%) 90 (42.3%) 23 (29.1%) 0.042
Cd=5 176 (60.3%) 21 (56.8%) 55 (69.6%)
Treatment restrictions®
Missing 30 (10.3%)
Do not resuscitate 202 (69.2%) 136 (63.8%) 66 (83.5%) 0.020
Do not intubate 195 (66.8%) 129 (60.6%) 66 (83.5%) 0.014
No ICU admission 185 (63.4%) 122 (57.3%) 63 (79.7%) 0.007

BMI Body Mass Index, ED Emergency Department, APOP Acute presenting Older Patient-screening, GFR Glomerular filtration rate, CC/ Charlson Comorbidity
Index. Values on some baseline characteristics were missing, numbers and percentages are reported. Unless otherwise specified, data are number of patients (%).
Percentages in second column are of total number of patients, the third and fourth column for the specific group (‘alive at discharge’and ‘in-hospital mortality’

@ APOP-score 'high risk of functional decline and cognitive impairment; were also scored separately

b Patients could have more than one treatment restriction

The CCI scores are comparable between the groups,
with a median of 5 in both subgroups, but with a higher
minimum in the group of in-hospital mortality, which
was also found to be significant (p-value 0.040). We
made a subdivision between high and low CClI-scores.

The results show significantly higher CCI-score (> 5)
are more often found in the group of in-hospital mor-
tality (69.6% versus 56.8%) and that a lower CCI [1-4]
is more often found in the survival group (42.3% versus
29.1%), p-value 0.042.
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APOP-screener

1: Low risk
2: High risk of functional decline
3: Evidence of impaired cognition

assessed following the Clinical Frailty Scale

1 2 3 4
4: High risk of functional decline + evidence of impaired cognition

Fig. 1 Subdivisions of the clinical frailty scores within the APOP-screener categories. APOP: Acute Presenting Older Patient. The four pie charts
correlate with the four possible outcomes of the APOP-screener. The subdivisions within the pie chart consist of the distribution of frailty when

Clinical Frailty Scale
@ Fit(1-3)
. Vulnerable (4)
B Frail 5-9)

Table 3 Odds Ratio’s for in-hospital mortality

OR 95% CI p-value

APOP

Low risk on adverse outcomes Ref.

High risk functional decline 2.09 0.84-5.22 0.111

Evidence of cognitive impairment 157 0.78-3.16 0.210

High risk of functional declineand ~ 2.24 1.18-4.25 0014
evidence of impaired cognition
CFS

Fit [1-3] Ref.

Vulnerable [4] 0.64 0.26-1,55 0324

Frail [5-9] 135 0.75-2.47 0.321
Charlson Comorbidity Index

CCl1-4 Ref.

CCl=5 1.78 1.02-3.11 0.043
Subgroup ‘No treatment restrictions (n=67)"

Low risk on adverse outcomes Ref.

High risk functional decline <001 0.0 0.999

Evidence of cognitive impairment ~ 2.73 065-11.56  0.172

High risk of functional declineand ~ 6.83 081-58.02  0.078

evidence of impaired cognition

APOP Acute Presenting Older Patient-screening, CFS Clinical Frailty Scale

Associations with in-hospital mortality

Table 3 shows the association of APOP items and in-
hospital mortality. There was an elevated risk of in-hos-
pital mortality when patients scored both high risk of
functional and evidence of cognitive impairment (OR
2.24, 95% 1.18-4.25), compared to the low risk refer-
ence group. The high risk of functional decline, shows
the highest elevation of risk for in-hospital mortality,
but the result was not significant. The APOP result of
evidence of cognitive impairment did not show a higher
risk of in-hospital mortality compared to the reference

group.

Table 4 Comparison of the APOP-screener with the Clinical
Frailty Scale and CCl

Variables In hospital mortality

AUC 95% ClI
APOP 0.59 0.52-0.66
CFS 3 categories 0.54 046-0.62
CCl (continuous) 0.58 0.51-0.65
Categorical CCI (CCI 1-4 and CCI>5) 0.57 0.49-0.64

APOP Acute presenting Older Patient-screening, CFS Clinical Frailty Scale

The CFS did not show a significant elevated risk of in-
hospital mortality when comparing vulnerable or frail
patients to fit patients. The vulnerable category even
shows a somewhat protective effect, although these
results are not significant (OR 0.64, 95% 0.26—1.55).

The odds of in-hospital mortality were 78% higher in
patients with high CCI-scores (5 and higher) compared
to the lower CClI-scores. This elevated risk was found to
be significant (OR 1.78, 95% CI 1.02-3.11, p-value 0.043).

In the subgroup analysis consisting of patients with no
treatment restrictions (n=67), 10 patients died during
their hospital stay (14.9%). The APOP result ‘evidence of
cognitive impairment’ was associated with an elevated
risk of in-hospital mortality (OR 2.73, 95% CI 0.65-11.56,
p 0.172). The combined score consisting of both evidence
of impaired cognition and high risk of functional decline
increased risk of in-hospital mortality even more (OR
6.83, CI1 95% 0.81-58.02, p 0.078). However, both are not
proven to be significant in this specific group and thus
these results should be interpreted with caution. The low
odd’s ratio in the high risk of functional decline group is
due to the small size of patients who had no treatment
restriction. There were only two patients with high risk of
functional decline within this group, both survived.
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Predictive values of the frailty instruments and CCI

To compare the predictive value of the APOP-screener
to the CFS and CCI, we calculated AUCs for both frailty
measurements and the CCI. (Table 4) The AUC of the
APOP-screener was 0.59, with 95% CI between 0.52 and
0.66. The CFS showed a comparable AUC of 0.54, 95%
CI 0.46-0.62. The AUC of the CCI was calculated as a
continuous scale as well as into two categories. Both the
continuous and categorical variant are comparable to the
frailty instruments, with the continuous CCI showing an
AUC of 0.58 (95% CI 0.51-0.65) and the categorical CCI
showing an AUC of 0.57 (95% 0.49-0.64).

Discussion

In this retrospective study, we evaluated the APOP-
screener for its ability to predict in-hospital mortality in
older ED-patients with COVID-19. We compared this
frailty measurement to the worldwide accepted Clinical
Frailty Scale and the Charlson Comorbidity Index. The
APOP-screener showed a significantly increased risk
for in hospital mortality if patients showed a high risk of
functional decline and evidence of cognitive impairment
(OR 2.24, 95% 1.18-4.25, p-value 0.014). In the subgroup
analysis of patients without treatment restrictions this
effect lost significance. Treatment-restrictions appear
to be possible confounders and underestimate the asso-
ciation between frailty and in-hospital mortality. Due to
the relatively small sample size, effects could be under
or over estimated as indicated by the broad confidence
intervals. This could also explain why well researched
risk factors as high BMI and chronic kidney disease, are
not statistically different in both groups. A larger, most
preferably multicentre population is needed to evaluate
the true predictive value of the APOP-score. Although
an increased risk for in-hospital mortality was found for
the most-frail patients as scored by the APOP and for
the most comorbid patients as scored by the CCI, these
scoring instruments had poor discriminatory value. The
CES did not show significance in predicting in-hospital
mortality and had a poor discriminatory value as well.
Therefore, treatment decisions based on frailty or comor-
bidities alone should be made with caution and a broader
view/approach is needed.

With the burden that COVID-19 has placed on health
care systems around the world, identifying patients from
who the burdens of aggressive supportive treatment
outweigh the benefits is a worldwide subject of inter-
est. With the variety of clinical presentation of patients
infected with COVID-19 and the heterogeneous popu-
lation it affects, identifying risk factors is difficult and a
sufficiently accurate model for predicting poor outcomes
in COVID-19 does not yet exist. With advancing age
being associated with high mortality rates, most often
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restrictive recommendations have been directed broadly
to people older than 70years or older, irrespective of risk-
factors, health or activity status [8]. However, a recent
study showed that for the patients aged 80years and
above further increasing age is not a risk factor for sur-
vival, whereas the presence of dementia and indicators
for a severe COVID-19 infection (low saturation, high
lactate dehydrogenase) are risk factors for death [35].
When evaluating predictive factors for poor outcomes,
it is of upmost importance to keep the large heteroge-
neity of the older population into account. Due to the
variety of age and comorbidities but also resilience, sus-
ceptibility for disease and vulnerability within this pop-
ulation, a prediction model solely based on one of these
factors will lack prognostic value. The concept of frailty
attempts to incorporate the existing variabilities in this
population. Although many frailty assessment instru-
ments are available, relatively few are validated for use
in the acute inpatient setting. In this study we proposed
the APOP-screener as a possible predictive factor for
poor outcomes in COVID-19 and compared this with
the CFS. Based on previous research the APOP-screener
might be a promising assessment to identify elderly at
highest risk for adverse outcomes during this global
pandemic [15, 16]. Its ability to predict 3-month mortal-
ity in elderly at the emergency department has already
been proven. However, the APOP-screener has not been
validated for in-hospital mortality, nor has it been evalu-
ated in COVID-infected patients. The APOP-screener
is a standardized instrument of measuring frailty at the
ED, by using standardized questions without the need
of interpreting the results and has already been imple-
mented for screening frailty at the ED in various hospi-
tals in the Netherlands, where it proved to be feasible in
daily clinical practice. This screener is validated for 30 day
and 3-month mortality, but has not been validated yet for
in-hospital mortality. In this study, the APOP-screener
showed a two-fold increase in risk of in hospital mortality
if patients showed a high risk of functional decline and
evidence of cognitive impairment. However, this effect
was lost when evaluated in the subgroup of no treatment
restrictions. These outcomes suggest that the APOP
might be a promising screening tool, however a larger,
most preferably multicentre population is needed to
evaluate the true predictive value of the APOP-screener.
Limitations of the APOP-screener is the active patient
participation in two of the nine needed questions, which
could be difficult in severely ill patients, and the fact that
it has only been validated in patients of 70years or older.
The Clinical Frailty Scale is another frailty measure-
ment used in acute care settings worldwide. This instru-
ment does not rely on active patient-participation
and the value of predicting mortality has already been
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established. The CEFS is the most studied instrument in
COVID-19 patients and has already been implemented
in different ethical guidelines during this pandemic [36].
A recent meta-analysis, consisting of two prospective and
six retrospective cohorts by Pranata et al., shows that the
CES is significantly associated with an increase in mor-
tality [13]. This relationship could not be found in this
study population. An advantage of the CFS is that it can
be assessed from a short (hetero) anamnesis, and thus is
very useful in hyperacute settings. This instrument has a
high reliance on proxies for information and requires an
active patient or family/caretaker involvement. Because
of its subjective nature, inter-rater variability could
exist. In recent published studies by Flaatten et al. and
Surkan et al., a fair interrater reliability of the CFS was
found if assessed by ICU-personnel and geriatricians
[37-39]. However, in times of a pandemic when physi-
cians or nurses with minimal experience in geriatric care
are needed to assess these patients and use the CFS, we
expect a higher interrater variability due to the subjective
nature of this instrument.

When comparing the results of the APOP-screener and
the CFS, overlap stands out, especially in the highest and
lowest categories of both (Fig. 1). Discrepancies are mostly
present in the APOP category ‘evidence of impaired cog-
nition, whereby nearly a quarter of those patients fall
in the ‘fit’ category in the CFS. This could be due to the
fact that in milder forms of cognitive impairment, peo-
ple might not yet experience interruptions in daily life
(as measured by the CFS), but might be unable to answer
cognitive questions as been asked in the APOP-screener.

With advancing age comes a higher prevalence of
chronic conditions, and a widely accepted scoring
method for measuring comorbidities is the CCI [9]. In
previous studies, the CCI has been evaluated for pre-
dicting mortality in COVID-19 patients and proven
independently associated with mortality, with a higher
score indicating more severe comorbid conditions and a
greater mortality rate [8, 10, 11]. In our study population,
the odds of in-hospital mortality were significantly higher
in patients with high CCI-scores compared to the lower
CCI-scores. However, when looking at the predictive
value of the CCI in our population, this was moderate
and comparable to the APOP screener and the CFS. Like
the APOP and CFS, the Charlson Comorbidity Score
attempts to incorporate existing variabilities in the older
population, but unfortunately it is not enough to predict
in-hospital mortality by itself.

Frailty as an approximation of the existing variability
of the older population is associated with a higher risk of
adverse outcomes as functional impairment, hospitaliza-
tion and mortality in general. Despite our expectations,
both frailty instruments, proved average in predicting

Page 8 of 10

survival in older COVID-19 patients. This raises the
question if, in accordance with the statement of the
Royal Dutch Medical Association (RDMA), frailty meas-
urements should be used in allocating medical care in
times of a pandemic [40]. In times of extreme shortage
of ICU beds, prioritizing systems need to be constructed
to guide clinicians. In this situation, an imbalance exists
between individual ethics and societal ethics: ones wish
to take every opportunity to survive and the societal need
to provide specialized health care for the ones with the
best chances [41]. In this light, it is important to provide
robust scientific evidence to support assumptions about
predictors for survival. Although frailty has already been
implemented in different ethical guidelines during this
pandemic, the results demonstrated in our study might
suggest that further research is needed to demonstrate
the predictive value of frailty in COVID-19 infected older
patients. Because of the likelihood of the association
between frailty and mortality in earlier research, assess-
ments to identify frailty could be valuable.

Until this day, there is no golden standard in predicting
adverse outcomes in COVID-19 infected older patients.
Future research could focus on combining a frailty
instrument, such as the APOP-screener with other pre-
dictive factors. This concept is evaluated in a recent study
by Hégg et al., which showed that higher age is associated
with in-hospital mortality and decreased probability of
discharged back to home in geriatric patients, and includ-
ing frailty and comorbidity assessments to the models
improves their predictive accuracy. When combined
with objective measurements, for example the recently
developed RISE-UP score (AUC 0.83 for 30day mortal-
ity in COVID-19 patients), we hypothesize this might be
the multidimensional prediction model that is needed to
identify older patients with COVID-19 who are at risk of
adverse outcomes [42].

Limitation

Our study had several limitations. First of all, our data
were retrospectively collected using an algorithm in
the electronic medical records and patients were not
approached for any additional data, which leads to miss-
ing data for some baseline characteristics and outcomes.
Additionally, by assessing the CES retrospectively accord-
ing to the described functional status, living arrangement
and need of care, this could lead to information bias.
Retrospective scoring of the CFS, solely based on inpa-
tient records, has been studied by several researchers in
different (non-COVID-19) populations. In these studies,
interrater reliability between face-to-face assessment and
inpatient records proved substantial to high, with kappa
values ranging between 0.64 and 0.89 [25-29]. This study,
in agreement with most research with the CFS, divided in
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3 categories in this study, creating groups that are large
enough for analysis. Dividing the CFS in categories does
not seem to lead to less than substantial inter-rater reli-
ability between face-to-face assessment and inpatient
records [25, 27, 29]. In our cohort there were no patients
classified with an CFS-score of 9 (terminally ill), which
could induce bias. However, it is to be assumed that
terminally ill patients won't be referred to the ED when
being diagnosed with a COVID-19 infection, because
of the already poor prognosis and adverse outcomes in
this group of patients. The study population consists of
patients from a single medical centre, located in one of
the most severely affected areas in the Netherlands. In
contrast to the CFS, the APOP-screener is a measure-
ment instrument that requires active participation from
the patient, which results in worse applicability in criti-
cally ill patients. With the defined inclusion-criteria for
this study, only patients with a complete APOP-score
were included which might have caused selection bias,
leading to a relatively low mortality rate in our study.
Additionally, the APOP was used as a categorical meas-
urement, adopting a cut-off value validated in multiple
non-COVID cohorts [23]. A different cut-off value could
possibly enhance the predictive value of the APOP-
screener in older patients with COVID-19.

The strength of this study is the sample size of almost
300 consecutive patients, and by analysing the screening
instruments in the same cohort, there were no differences
in population characteristics. However, our study-popu-
lation is not suitable for validating a new (combined) pre-
diction model due to its single-centred approach.

Conclusion

Although the elevated risk for in-hospital mortality found
for the most-frail patients as scored by the APOP and
the most comorbid patients as scored by the CCI, both
had poor discriminatory value. The CFS did not show
significance in predicting in-hospital mortality. Predic-
tion models can be useful for identifying patients at high
risk for poor outcomes and may guide clinical-decision
making. However, treatment decisions based on frailty
screening alone should be made with caution. Approach-
ing the heterogeneity of the older population by adding
frailty as assessed by the APOP-score to existing predic-
tion models may enhance the predictive value of these
models.
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