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Abstract

Background: The concept of frailty provides an age-independent, easy-to-use tool for risk stratification. We aimed to
summarize the evidence on the efficacy of frailty tools in risk assessment in COVID-19 patients.

Methods: The protocol was registered (CRD42021241544). Studies reporting on frailty in COVID-19 patients were
eligible. The main outcomes were mortality, length of hospital stay (LOH) and intensive care unit (ICU) admission in
frail and non-frail COVID-19 patients. Frailty was also compared in survivors and non-survivors. Five databases were
searched up to 24th September 2021. The QUIPS tool was used for the risk of bias assessment. Odds ratios (OR) and
weighted mean differences (WMD) were calculated with 95% confidence intervals (Cl) using a random effect model.
Heterogeneity was assessed using the /” and x° tests.

Results: From 3640 records identified, 54 were included in the qualitative and 42 in the quantitative synthesis. Clini-
cal Frailty Scale (CFS) was used in 46 studies, the Hospital Frailty Risk Score (HFRS) by 4, the Multidimensional Prognos-
tic Index (MPI) by 3 and three studies used other scores. We found that patients with frailty (CFS 4-9 or HFRS > 5) have
a higher risk of mortality (CFS: OR: 3.12; Cl 2.56-3.81; HFRS OR: 1.98; CI 1.89-2.07). Patients with frailty (CFS 4-9) were
less likely to be admitted to ICU (OR 0.28, CI 0.12-0.64). Quantitative synthesis for LOH was not feasible. Most studies
carried a high risk of bias.

Conclusions: As determined by CFS, frailty is strongly associated with mortality; hence, frailty-based patient man-
agement should be included in international COVID-19 treatment guidelines. Future studies investigating the role of
frailty assessment on deciding ICU admission are strongly warranted.
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Background

Almost 2 years after identifying the first SARS-CoV-
2-infected patient, health care systems around the world
periodically still face significant challenges; therefore,
identifying factors that predict negative outcomes in
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Frailty describes a state of reduced physical, physiologic
and cognitive reserve as a consequence of an ongoing
accumulation of various deficits through time leading to
increased vulnerability to stressors [1]. Although frailty
is linked to ageing, progression in every individual is dis-
tinct. Nevertheless, frailty has been shown to be an age
independent risk factor of mortality especially in the
elderly population. Apparently, there is an urge to meas-
ure frailty within the scope of a risk stratification tool.
However, the wide variety of frailty tools makes frailty
assessment heterogenous. The Clinical Frailty Scale
(CES) was created by Rockwood et al. in 2005 to provide
a simple approach with good predictive value [2]. The
original 7-point scale was later upgraded to 9-points,
one for the “severely frail’} “very severely frail’, and one
for the “terminally ill” [3]. In the terminology used until
2020, points 1 to 4 covered patients described as “very
fit’, “well’, “managing well’, and “vulnerable”. The revision
published by Rockwood and Theou classified formerly
“well” patients to “fit” and “vulnerable” patients to “liv-
ing with very mild frailty” [4]. The score assesses differ-
ent levels of functional independence, hence integrating
a progressive accumulation of morbidity, loss of physical
and cognitive function in a joint phenotype. It is meant to
reflect a baseline health state 2 weeks before the onset of
an acute condition [5].

The CFS is widely used in different clinical settings [6].
CES outperformed the Charlson comorbidity index and
age in predicting in-hospital mortality of patients older
than 75 years with emergency hospital admission [7] and
is an independent predictor of short- and long-term mor-
tality in patients over 70 admitted to the ICU [8].

The Hospital Frailty Risk Score (HFRS) was developed
to assess risk of frailty in older individuals automatically
from routinely collected data using the International
Classification of Diseases version 10 (ICD-10) codes [9].
On the one hand it is a useful tool for research and soci-
odemographic observations, on the other hand it has a
potential for implementation into an automated hospital
electronic system for acute clinical risk stratification [9].

The Multidimensional Prognostic Index (MPI) was
developed as a prognostic tool for elderly patients. It is
mainly used in the geriatrics as a part of a comprehensive
geriatric assessment process. It has been validated for
short-term and long-term outcomes alike and is not only
meant as a tool for risk stratification, but also to enhance
geriatric care by aiding to target specific interventions,
thus improving outcomes [10]. Although it is a valuable
tool in geriatric management, but its usefulness is limited
in other fields and especially in critical care.

Frailty assessment was adopted in many guidelines
in the triage of COVID-19 patients to aid decision-
making regarding intensive care admission or the
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commencement of mechanical ventilation [11]. Recent
studies and a meta-analyses reported higher odds and
hazard ratios for mortality in frail COVID-19 patients
[12-19].

We aimed to provide a detailed summary on the use of
frailty tools in COVID-19, assessing the odds of patients
with frailty for in-hospital and 30-day mortality, ICU
admission, and length of hospitalization (LOH).

Methods

Protocol registration and reporting

The protocol was prospectively registered via PROS-
PERO under Registration number CRD42021241544.
There was no deviation from the protocol. We report our
results following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) recom-
mendations [20] (Additional file 2).

Eligibility and definitions

We formulated our clinical question using the PECO for-
mat. Based on preliminary searches, we chose to use two
PECOs. We selected studies reporting on adult hospital-
ized patients with COVID-19, comparing frail (or frailer)
patients to not frail (or less frail) patients. The assessed
outcomes were all-cause in-hospital and 30-day mortal-
ity, ICU admission, and LOH. In our other analysis, the
average frailty score of deceased COVID-19 patients was
compared to survivors.

COVID-19 positivity was defined as clinical, radio-
logical, or laboratory diagnosis [21]. Any validated frailty
scores and indexes were included, as well as non-vali-
dated ones, if the record contained sufficient information
on the used index.

Studies with original data reporting on at least ten
patients were eligible independently of study design.
Abstracts and full-texts were both accepted.

Search and selection

We searched MEDLINE (via PubMed), EMBASE, Sco-
pus, The Cochrane Central Register of Controlled Trials
(CENTRAL), and Web of Science on the 24th of Septem-
ber 2021 for eligible articles. We used “Title, Abstract,
Keywords” filter in Scopus. No other filters or restric-
tions were applied. We also scanned the reference lists
of the included studies and their citations in Google
Scholar. The following search key was used: (“covid 19”
OR “Wuhan virus” OR coronavirus OR “2019 nCoV” OR
SARS-cov-2) AND frail*.

After removing duplicates using a reference manage-
ment software (EndNote X9, Clarivate Analytics), two
review authors (MR and TL) independently screened
titles, abstracts, and then full-texts against predefined
eligibility criteria. Discrepancies were resolved by a
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third review author (ZM). Inter-rater reliability was
determined at every phase by Cohen’s kappa coeffi-
cient, where values 0.01-0.20 indicate slight, 0.21-0.40
indicate fair, 0.41-0.60 indicate moderate, 0.61-0.80
indicate substantial and 0.81-1.00 indicate almost per-
fect or perfect agreement, respectively [22].

Outcomes reported by at least three studies using the
same frailty score comparing identical frailty subgroups
were included in the meta-analysis. All other eligible
studies were incorporated into the qualitative synthesis.

Data collection

Data on the first author, publication year, countries,
study design, number of patients in each comparison
group, their baseline characteristics (sex, age), type of
frailty score used, method of frailty assessment, train-
ing of the assessor and available primary and secondary
outcome parameters were extracted by two independ-
ent review authors (MR and LT) in duplicate using our
standardized data collection form in Microsoft Excel.
Disagreements were resolved by a third independent
investigator (KO). Data from studies reporting individ-
ual patient data or raw data were regrouped if statisti-
cally feasible. Overlapping populations were identified,
and the study with the largest sample size was included
in the analyses.

Risk of bias

Following the recommendations of the Cochrane Col-
laboration, the Quality in Prognosis Studies (QUIPS) tool
was used by MR and TL independently [23]. Disagree-
ments were resolved by ZM. In the study participation
domain, gender, age, ethnicity, and comorbidities were
taken into account. Study attrition was not judged for ret-
rospective studies. In the prognostic factor measurement
domain, the specification of the frailty assessor, infor-
mation about their training, and missing data on frailty
were considered. Less than 10% missing data were con-
sidered low risk, 10-20% some concerns, and more than
20% resulted in high risk for the whole domain. Outcome
measurement and statistical analysis domains carried
low risk in most cases because mortality is an objective
outcome, and we mostly used crude numbers of patients
reported by the authors. In the case of ICU admission, a
detailed protocol for ICU admission was needed. In the
study confounding domain, studies separately reporting
baseline information for the frailty groups were judged
low risk if no clinically significant differences were seen,
some concerns if some differences were seen, and high
risk if no data was reported. The overall risk of bias was
calculated using the suggestions of Grooten et al. [24].
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Statistical analysis

Our primary aim was to investigate the differences
between the two groups (Frail group vs Not frail
group). We only included studies using the same cutoff
in each analysis; therefore, multiple analyses were per-
formed with slightly different frailty cutoffs. Most eligi-
ble studies used arbitrary categorization and grouping
of patients by frailty, therefore we ought to perform
multiple analyses (e.g. CFS 1-3 vs 4-9; 1-4 vs 5-9; 1-5
vs 6-9).

For dichotomous outcomes, odds ratios (ORs) with
their 95% confidence intervals (CI) were calculated
from the original raw data of the articles. In some
cases, crude ORs were extracted and pooled with the
calculated ORs. For continuous outcomes, weighted
mean differences (WMDs) with 95% CI were calculated
from the original raw data of the articles except in some
cases when standard deviations (SDs) and means were
calculated from the first quartile, median, the third
quartile, and sample size according to Wan’s method
[25].

We used the random effect model by DerSimonian
and Laird [26]. We estimated the heterogeneity using
the y* test with a significance of p <0.1 and the I* indi-
cator. We followed the Cochrane Handbook’s recom-
mendations when interpreting heterogeneity (http://
handbook.cochrane.org, Chapter 10), meaning that P
values between 30 and 60% were considered as moder-
ate heterogeneity, between 50 and 90% as substantial
heterogeneity and as considerable heterogeneity above
75%. Results of each meta-analysis were displayed
graphically using forest plots.

Subgroup analyses were performed in the analyses
of mortality associated with CFS, where the subgroups
were determined by country (United Kingdom; UK
and non-UK), by age (older than 65 years and no age
restriction), and by mortality (in-hospital mortality and
30-day mortality). In the case of ICU admission CES
1-3 vs 4-9 we performed a subgroup analysis, where
groups were determined by frailty-based decision
making.

To determine the robustness of an assessment, we per-
formed the leave-one-out sensitivity analysis for all out-
comes when reasonable. Using this method, we could
examine whether altering any assumptions may lead to
different final interpretations or conclusions [27]. The
potential for a “small study effect’, including publication
bias, was examined by visual inspection of funnel plots.
Furthermore, Egger’s test was performed for analyses
including at least ten studies to indicate significant asym-
metry by using a significance of p <0.05.

All data management and statistical analyses were per-
formed with Stata (version 16.0, StataCorp).
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Results

Selection and characteristics of included studies

The systematic search yielded 3640 records. After dupli-
cate removal, 1487 records were screened by title, 550 by
abstract, and 331 by full text. 54 studies were included in
the qualitative and 42 in the quantitative synthesis. The
detailed selection process and Cohen’s kappa values are
shown in Fig. 1.

The most important aspects of each included study are
presented in Table 1. Only cohort studies were enrolled.
From the 54 studies, 10 collected data prospectively, 46
used the CFS, two the HFRS, two both, three the MPI,
two studies a modified frailty index (mFI), and one the
Frail Non-Disabled (FiND) questionnaire. All studies
included patients from a clinical setting. Most studies
enrolled patients over 65 years.

Risk of bias
Risk of bias was assessed separately for in-hospital and
30-day mortality, difference in frailty score for in-hospital
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and 30-day mortality, ICU admission, and LOH. Most
studies did not report detailed baseline data for the frailty
groups, therefore carried a high risk of bias (Additional
file 1: Fig. S1-S6).

Frailty is associated with an increased chance of mortality
Frailty measured with the Clinical Frailty Scale

46 studies reported on CFES as a measure of frailty. The
investigated cohort was dominated by patients from
the United Kingdom (UK) in 20 included studies. Most
studies reported on in-hospital mortality. Since the CFS
represents a continuous spectrum, without evidence for
definitive cutoff values, most included studies showed
arbitrary partitioning of the CFS. Therefore, we sought
to perform quantitative analyses with three distinct parti-
tions (CFS 1-3 vs 4-9, CFS 1-4 vs 5-9, CFS 1-5 vs 6-9).
In each of these divisions we performed three differ-
ent subgroup analyses. Given that a substantial number
of patients were from the UK, we divided studies from
the UK versus studies outside the UK. Furthermore, the
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Table 1 Characteristics of included studies

Study Origin Recruitment Study type Frailty Scale Frailty Inclusion criteria No. of patients Age (years) Sex Outcomes
period assessment
Age (years) COVID-19 Total Deceased Mean/ SD/IQ1-3 Male n (%)
diagnosis Median
Aliberti et al. Brazil 30.03.2020- R/C CFS R/P+ > 50y PCR 1830 666 66 59-74 1061 (38) 30-day mortal-
[28] 07.07.2020 ity
Andrés- Spain 15.07.2020- R/C CFS R/P+ 0-97 PCR 254 104 70.16 16.01 155 (61) In-hospital
Esteban 31.07.2020 mortality; frailty
etal. [29] diff. for in-
hospital mort;
|ICU admission;
LOH
Apea [30] UK 01.01.2020- P/C CFS, HFRS R >16 PCR 831 315 n/a n/a n/a 30-day mortal-
13.05.2020 ity
Aw [31] UK 01.03.2020- R/C CFS R/P+ >65 PCRorClinor 677 271 81.1 8.1 366 (54.1) In-hospital
30.04.2020 Rad mortality, ICU
admission
Baker et al. UK 31.01.2020- R/C CFS R >18y PCR 316 84 75 60-83 173 (54.7) Frailty diff. for
[32] 16.04.2020 30-day mort
Bavaro etal. Italy 01.03.2020- R/C CFS R/P+ > 65y PCR 206 56 80 72-86 98 (48) In-hospital
[33] 15.06.2020 mortality; LOH
Bielza [34] Spain 20.03.2020- R/C CFS P+ >70 PCR or Clin 630 282 87 82.9-91.1 223(354) 30-day mortal-
01.06.2020 ity, frailty diff.
for 30-day
mort. and
severe vs non-
severe cases
Blomaard Netherlands ~ 27.02.2020-  R/C CFS R/P+ >70 PCRorClinor 1376 499 78 74-84 830 (60.4) In-hospital
[35] 14.05.2020 Rad mortality, ICU
admission, LOH,
invasive ventila-
tion, delirium,
discharge
destination
Bradley [36] UK 01.04.2020- P/C CFS p n/r PCR 830 300 70 58-80 509 (61.3) 30 day mortal-
14.04.2020 ity, frailty diff.
for 30-day
mortality and
72 h mortality
Brill [37] UK 10.03.2020- R/C CFS P n/r PCR 450 173 72 56-83 272 (60) Frailty diff. for
08.04.2020 in-hospital
mortality
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Table 1 (continued)

Study Origin Recruitment Study type Frailty Scale Frailty Inclusion criteria No. of patients Age (years) Sex Outcomes
period assessment
Age (years) COVID-19 Total Deceased Mean/ SD/IQ1-3 Male n (%)
diagnosis Median
Burns [38] UK 13.03.2020- R/C CFS p n/r PCR 28 14 81.5 54-91 15 (54) In-hospital
22.04.2020 mortality; frailty
diff. for in-
hospital mortal-
ity and duration
of respiratory
support
Cecchinietal. Italy 01.03.2020- R/C CFS R >65y PCR/CXR 122 87.1 6 55 (45.1) Frailty diff. for
[39] 30.04.2020 in-hospital
mort
Chinnadurai UK 13.03.2020- R/C CFS p n/r PCR 215 86 74 60-82 133(61.9) In-hospital
[40] 30.04.2020 mortality
Covino [41] [taly 01.04.2020- P/C CFS P >80y PCR 729 287 85 82-89 345 (47.3) In-hospital
30.03.2021 mortality
Cuvelier [42]  Switzerland 13.03.2020- R/C CFS R >80y NR 20 10 87,1 82.8-90.6 14 (70) Frailty diff. for
11.05.2020 in-hospital
mort
Davis [43] UK 18.03.2020- R/C CFS R n/r PCR 222 95 82 56-99 74 (33) 30-day mortal-
20.04.2020 ity
De Smet [44] Belgium 1203.2020- R/C CFS P+ n/r PCR 81 19 85 81-90 33 (41) In-hospital
30.04.2020 mortality,
frailty diff. for
in-hospital
mortality
Dres et al. France, 25.02.2020- P/C CFS P > 70y PCR 1199 442 74 71-77 873 (72.8) 30-day mortal-
[45] Switzerland,  04.05.2020 ity
Belgium
Fagard [46] Belgium 16.03.2020-  R/C CFS P+ >70 PCR or Clin 105 14 82 76-87 55(524) In-hospital
16.05.2020 and CT mortality,
frailty diff. for
in-hospital
mortality
Fallon et al. Ireland 2503.2020- R/C CFS R/P+ >65y PCR 86 29 77 n/r Frailty diff. for
[47] 24.04.2020 30-day mort
Fumagalli [taly 22.022020- R/C mFl R >75y Clin 221 97 82 78-86 134 (60.6) In-hospital
et al. [48] 30.05.2020 mortality
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Table 1 (continued)

Study Origin Recruitment Study type Frailty Scale Frailty Inclusion criteria No. of patients Age (years) Sex Outcomes
period assessment
Age (years) COVID-19 Total Deceased Mean/ SD/IQ1-3 Male n (%)
diagnosis Median
Gilis [49] France 03.03.2020- P/C CFS p >75 PCR 186 56 853 578 92 (49.5) 30-day mortal-
25.04.2020 ity, ICU admis-
sion, laboratory
findings, symp-
toms, delirium,
treatment
Hewitt [S0] UK, Italy 27.02.2020-  P/C CFS P+ >18 PCR or Clin 1564 425 74 61-83 903 (57.7) In-hospital
28.04.2020 mortality; LOH
Hoek [51] Netherland 27.02.2020- R/C CFS R n/r PCR 23 5 n/a n/a 18 (78.3) Frailty diff. for
30.04.2020 in-hospital
mortality
(solid organ
transplant
recipients)
Jungetal. Austria, 19.03.2020-  P/C CFS P+ >70y PCR 1346 540 75 72-78 965 (71.7) 30-day mortal-
[52] Belgium, Den-  26.05.2020 ity
mark, Egypt,
England,
France, Ger-
many, Greece,
India, Iran,
Iraq, Ireland,
Israel, Italy,
Libya, Mexico,
Morocco,
Netherland,
Norway,
Poland,
Portugal,
Saudi Arabia,
Spain, Sudan,
Switzerland,
USA
Knights [53] UK 01.03.2020- R/C CFS R n/r PCR 108 34 68.7 1.5 63 (58) Frailty diff. for
31.03.2020 in-hospital
mortality
Koduri et al. UK 20.02.2020-  R/C CFS R >18y PCR or 500 193 69,39 17,2 300 (60) Frailty diff. for
[54] 07.05.2020 Clin4+CT in-hospital
mort
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Table 1 (continued)

Study Origin Recruitment Study type Frailty Scale Frailty Inclusion criteria No. of patients Age (years) Sex Outcomes
period assessment
Age (years) COVID-19 Total Deceased Mean/ SD/IQ1-3 Male n (%)
diagnosis Median
Kundi [55] Turkey 11.03.2020- R/C HFRS R >65 PCR 18234 3315 741 74 8498 (46.6)  in-hospital
22.06.2020 mortality;
Frailty diff. for
in-hospital
mortality; LOH
Kurtz et al. Brazil 27.02.2020-  P/C mFl P >18y PCR 13,301 1785 54 41-69 7752 (58) 30-day mortal-
[56] 28.10.2020 ity
Lozano- Spain 03.2020- R/C CFS R >75y PCR or 300 111 86.3 6.6 112 (37.3) In-hospital
Montoya 05.2020 Clin+CT mortality
etal. [57]
Maguire etal. UK 18.05.2020- R/C CFS n/r > 16y PCR 261 58 119 (46) 30-day mortal-
[58] 06.07.2020 ity
Maki et al. Japan 02.2020- R/C MPI R >65y PCR 18 4 82.89 10.2 7(38.9) In-hospital
[59] 05.2020 mortality
Marengoni  ltaly 08.03.2020- R/C CFS R n/r PCRor CT 165 42 69.3 14.5 100 (60.6) In-hospital
[60] 17.04.2020 mortality, ICU
admission
McWilliams UK 03.2020- p/C CFS p >18 n/a 177 67 n/a n/a 127 (71.8) In-hospital
[61] 04.2020 mortality, ICU
mortality, ICU
rehabilita-
tion (only ICU
patients)
Mendes [62]  Switzerland 13.03.2020- R/C CFS R >65 PCRor Clin 235 76 86.3 6.5 102 (434) In-hospital
14.04.2020 and Rad mortality,
frailty diff. for
in-hospital
mortality
Moledina UK 23.032020- R/C CFS R n/r PCR 229 75 73 56-81 144 (63) Frailty diff. for
[63] 07.04.2020 30-day mortal-
ity
Moloney [64] Ireland 17.02.2020- R/C CFS R >70 PCR 69 16 79 75-85 40 In-hospital
24.04.2020 mortality;
symptoms,
COVID-19

severity, radio-
logical findings,
ventilation
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Table 1 (continued)

Study Origin Recruitment Study type Frailty Scale Frailty Inclusion criteria No. of patients Age (years) Sex Outcomes
period assessment
Age (years) COVID-19 Total Deceased Mean/ SD/IQ1-3 Male n (%)
diagnosis Median
Navaratnam UK 01.03.2020- R/C HFRS R > 18y PCR 91,541 28,200 50,668 (55.4) In-hospital
et al. [65] 31.05.2020 mortality
Nobleetal. UK 03.2020- R/C CFS n/r > 18y PCR or Clin 164 68 62.1 110 (61.1) in-hospital
[66] 06.2020 mortality
Osuafor [67] UK 01.03.2020- R/C CFS R >65 PCR or Clin 214 74 80.3 83 120 (56.1) In-hospital
15.05.2020 mortality, ICU
admission, LOH,
readmission;
delirium, mobil-
ity at discharge,
prolonged LOH,
death within
14 days of
discharge
Owen [68] UK 29.02.2020- R/C CFS R >65 PCR 206 92 78.8 83 n/a 30-day
16.04.2020 mortality, ICU
admission, ICU
mortality
Piers [69] Belgium 03.2020- R/C CFS R >80 n/a 711 246 n/a n/a n/a In-hospital
04.2020 mortality, ICU
admission
Pilotto etal. ltaly 31.01.2020-  P/C MPI p > 65y PCR 227 43 80.5 93 (41) In-hospital
[70] 31.12.2020 mortality
Ponsford UK 01.03.2020- R/C CFS p >18y PCR 2508 885 74 62.5-85.5 1363(54.3) In-hospital
etal.[71] 01.07.2020 mortality
Ramos- Spain 03.03.2020- R/C CFS, HFRS R >18y PCR 290 48 In-hospital
Rincon et al. 02.05.2020 mortality; ICU
[72] admission; LOH
Sablerolles  Austria, 30.03.2020- R/C CFS P > 18y PCR or 2434 456 67 55-77 1480 (61) In-hospital
etal. [73] Belgium, 15.07.2020 Clin4+CT mortality;ICU
Denmark, admission
France, Ger-
many, Italy,
Netherlands,
Portugal,
Spain, Swit-
zerland, UK
Steinmeyer France 13.03.2020- R/C FIND R n/r PCR or Clin 94 17 85.5 7.5 42 (44.6) In-hospital
[74] 04.05.2020 and CT mortality
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Table 1 (continued)

Study Origin Recruitment Study type Frailty Scale Frailty Inclusion criteria No. of patients Age (years) Sex Outcomes
period assessment
Age (years) COVID-19 Total Deceased Mean/ SD/IQ1-3 Male n (%)
diagnosis Median
Straw [75] UK 05.03.2020- R/C CFS R >18 PCR 485 159 71.2 16.9 259 (45.8) Frailty diff. for
07.05.2020 in-hospital
mortality
Tehrani [76]  Sweden 05.03.2020- R/C CFS R n/r PCR 255 70 66 17 150 (59) In-hospital
28.04.2020 mortality,
ventilation
Thiametal. Malaysia 25.02.2020- R/C CFS R > 60y Clin 26 6 76.2 8.2 11 (42.3) In-hospital
[77] 27.05.2020 mortality
van Steen- Netherland 09.03.2020- R/C CFS R > 18y n/r 32 24 79 74.5-83 22 (69) Frailty diff. for
kiste et al. [78] 01.05.2020 in-hospital
mort
Verholt etal. Denmark 01.03.2020- R/C MPI R >75y Clin 100 37 82 77-84 44 (44) In-hospital
[79] 31.05.2020 mortality;
30-day and
90-day mortal-
ity
Welchetal.  Egypt, Spain, n/r P/C+R/C CFS R/P > 18y PCR or Clin 5711 1596 74 58-83 3149 (55.1)  In-hospital
[80] UK, Greece mortality
Ireland, Iraq,
Italy, Libya,
Saudi Arabia,
Sudan, Turkey,
USA
Wolfisberg  Switzerland 26.02.2020- R/C CFS R/P > 18y PCRor 486 92 659 14.7 317 (65.2) In-hospital
etal. [81] 30.04.2020 Clin4rAT mortality; frailty
and diff. for in-
01.10.2020- hospital mort,
31.12.2020 ICU admission

Highlighted studies are included in the quantitative analyses. Age is reported using mean =+ SD, or median (IQ 1-3) except: Davis P.R. where data was reported as mean (range). The method of frailty assessment was
indicated by P for prospective and R in case of retrospective assessment. In case of prospective frailty assessment, if information about the training of the assessor was disclosed, it is marked by '+’

n/a not available, n/r no restriction, P/C prospective cohort, R/C retrospective cohort, CFS Clinical Frailty Scale, HFRS Hospital Frailty Risk Score, FiND Frail Non-Disabled questionnaire, PCR polymerase chain reaction, Clin
diagnosis based on clinical suspicion, Rad radiologically suspected diagnosis, CT computer tomography based diagnosis, CXR chest X-rax, rAT rapid antigen test, SD standard deviation, /Q interquartile, OR odds ratio, ICU
intensive care unit, LOH length of hospitalization, UK United Kingdom
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Events,
Patlents living Patients %

Events,

Lower chance In frail patients

correspondent subgroup

Studles OR (95% Cl) with frallty  without frality Weight
UK i
Aw, D. et al. (2020) — 2.08(1.29,3.35) 245/567 26197 6.54
Hewitt, J. et al. (2020) —— 3.06 (2.34,3.99) 338/984 84/575 8.86
Davis, P. et al. (2020) —_— 317 (1.14,8.82)  90/198 5/24 277
Ponsford, M. J. et al. (2021) - 4.24 (327,549) 380/770 100/535 8.94
Weich, C. et al. (2021)° - 427 (3.67,4.97) 111713012 251/2069 9.93
Subtotal (l-squared = 65.8%, p = 0.020) <> 348 (2.74,4.42) 2170/5531  466/3300 37.05
: !
non-UK :
Pilers, R. et al. (2021) T 1.50 (0.94,2.41)  218/610 271100 6.61
Andrés-Esteban, E. M. et al. (2021) ——0—;— 2.15(1.25,369) 42778 62/176 5.91
Aliberti, M. J. R. et al. (2020) - : 221(1.82,268) 369/788 29711042 9.58
Jung, C. et al. (2021)° - 2.30(1.83,2.90) 256/464 299/858 9.23
Dres, M. et al. (2021) -""_ 3.14 (2.35,4.19)  162/259 2871826 8.61
Wotfisberg, S. et al. (2021) - 3.38 (2.06,5.55)  66/235 261251 6.36
Sablerclles, R. S. G. et al. (2021)* - 3.68(2.96,4.57)  314/1057 14211377 9.35
Tehrani, S. et al. (2021) —_— 5.35(1.94, 14.78) 47/105 5/38 2.81
Thiam, C. N. etal. (2021) : * 7.50(0.73,76.77) SM3 1/13 0.68
Bavaro, D. F. et al. (2021) : 10.83 (3.23, 36.27) 53/146 360 215
Covino, M. et al. (2021) ! -+~ 21.95 (5.32, 90.59) 285/668 2161 1.66
Subtotal (l-squared = 74.0%, p = 0.000) <.> 298 (2.31,3.83)  1817/4423 1151/4802  62.95
. I
Overall (I-squared = 78.6%, p = 0.000) 0 3.12 (2.56,3.81)  3987/9954 1617/8102 100.00

I
NOTE: Weights are from random effects analysis :

! 1 I
A 1 3 100

Higher chance in frail patients

Fig. 2 Mortality in patients with frailty (CFS 4-9) compared to not frail (CFS 1-3). Patients living with frailty (CFS 4-9) had significantly higher chance
of mortality in both groups (UK and non-UK) and overall. Note that heterogeneity was significant in all cases. OR: odds ratio; Cl: confidence interval.
p<0.1 was considered significant. *Indicates multicentric studies including patients from both groups, but the majority of patients affiliate to the

CES was only validated for patients older than 65 years;
we grouped studies accordingly, whether they included
patients below 65 years or not. It is important to note
that although there was no age restriction at inclusion in
some studies, most patients were older than 65 years of
age. Beyond that, to further evaluate statistical homoge-
neity we also undertook a subgroup analysis of assessed
mortality (in-hospital vs 30 days). All analyses indicated
significant results.

Quantitative synthesis was performed for studies pre-
senting data on mortality in patients living with frailty
(CFS 4-9) compared to patients living without frailty
(CFS 1-3) (Fig. 2). Sixteen studies were included in this
analysis. Patients with CFS 4-9 had a significantly higher
chance of mortality both in the UK subgroup (OR: 3.48;

CI 2.74—4.42) and in the non-UK subgroup (OR: 2.98; CI
2.31-3.83) as compared to fit patients (CFS 1-3). In over-
all patients with CFS 4-9 had significantly, 3.12 times,
higher odds for mortality (CI 2.56-3.81) than patients
without frailty.

In the analysis regrouped by age restriction at inclu-
sion (Additional file 1: Fig. S8) studies including solely
patients 65 years or older demonstrated significant odds
for mortality (OR: 3.09; CI 2.08-4.60), as well as stud-
ies without age restriction (OR: 3.27; CI 2.56-3.81) (CFS
4-9 vs 1-3). The regrouped analysis separating studies
reporting in-hospital and 30-day mortality (Additional
file 1: Fig. S7) showed significant results in both groups:
OR: 3.39 (CI 2.70-4.26) and OR: 2.46 (CI 2.07-2.93) for
in-hospital and 30-day mortality, respectively. However,
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Studies OR (95% Cl) CFS59 CFS14 Weight
UK v :

Owen, R. K. et al. (2020) —0-— 1 0.85 (0.49, 1.47) 47/110 4596 4.78
Bums GP et al. (2020) ~— |L 1.35(0.29, 6.18) 9/17 5111 1.45
Apea, V. J. et al. (2021) - 1.70 (1.28, 2.26) 189/431  126/400 6.42
Davis, P. et al. (2020) -—+:—' 1.76 (0.93, 3.34) 771167 18/55 4.27
Aw, D. et al. (2020) —— 2.01(1.40,2.87) 214/470 571194 5.98
Hewitt, J. et al. (2020) - —. 2.56 (2.02, 3.24) 286/799 136/760 6.68
Osuafor C.N. et al. (2021) —_— 270 (1.40,522) 59/142 15172 4.16
Welch, C. et al. (2021)* - 328(2.88,3.74) 943/2441 425/2640 7.11
Ponsford, M. J. et al. (2021) |—— 3.49(2.76,4.43) 3174612 163/693 6.67
Noble, J. H. et al. (2021) i o 3.51(1.03,11.91) 9/13 59/151 203
Chinnadural, R. et al. (2020) | —_—— 8.71(4.56, 16.64) 69/110 171105 423

Subtotal (I-squared = 82.7%, p = 0.000)

non-UK |

2.47 (1.88, 3.23) 2219/5312 1066/5177 53.76

Moloney. E. et al. (2020) —_—l 0.93(0.29,2.96)  10/44 6125 2.19
Plers, R. et al. (2021) —— \ 1.18 (0.83, 1.69) 186/524  59/186 5.99
Gilis, M. et al. (2020) T 1.75 (0.91, 3.39) 38/109 18177 4.16
Aliberti, M. J. R. et al. (2020) - 240(1.84,297) 255494 411/1336 6.79
Andrés-Esteban, E. M. et al. (2021) —_— 244 (1.26,4.74) 26/44 78/1210 4.14
Jung, C. et al. (2021)* —— 248(1.89,325)  164/275 391/1047 6.49
Lozano-Montoya, |. et al. (2021) — 260(1.44,468) 921216 18/81 4.56
Tehrani, S. et al. (2021) + 3.99 (1.98, 8.05) 4371 20172 3.93
Mendes A. et al. (2020) -:—"_ 5.61(2.12,14.79) 71/185 5/50 277
De Smet, R. et al. (2020) T + . > 626(0.77.50.74) 18/64 117 0.85
Ramos-Rincon, J. M. et al. (2021) : —— 13.25 (6.50, 26.98) 29/54 19/236 3.89
Fagard K. et al. (2021) T *—> 26.01 (1.51, 449.10) 14/62 043 0.48
Subtotal (l-squared = 77.7%, p = 0.000) < 2.80(1.98,3.96)  946/2142 1026/3380 46.24
- 1
Overall (I-squared = 80.2%, p = 0.000) <? 2.58(2.11,3.17)  3165/7454 2092/8557 100.00
NOTE: Weights are from random effects analysis :

| | |

5 1 25 50

Lower chance in CFS 5-9 Higher chance in CFS 5-9

Fig. 3 Mortality in patients with CFS 5-9 compared to CFS 1-4. Patients with CFS 5-9 have significantly higher odds of mortality (OR: 2.58; Cl 2.11-

3.17). Patients from the UK (OR: 2.47; Cl 1.88-3.23) and non-UK (OR: 2.80; CI 1.98-3.96) had significantly higher odds as well. Note that heterogeneity
was significant in all cases. OR: odds ratio; Cl: confidence interval. p < 0.1 was considered significant. *Indicate multicentric studies including patients
from both groups, but the majority of patients affiliate to the correspondent subgroup

assessing 30-day mortality demonstrated increasing sta-
tistical homogeneity (I*=31.5%, p=0.223) as compared
to in-hospital mortality (*=72.6%, p=0.000). No influ-
ential study was identified by the leave-one-out sensitiv-
ity analysis (Additional file 1: Fig. S9).

In order to get a more thorough picture, studies com-
paring CFS 1-4 with CFS 5-9 were also quantitatively
analysed (Fig. 3). This is in line with the original classifi-
cation of the CFS, where a score greater than 4 indicated
frailty [2]. Twenty-three studies presented sufficient data
for this analysis. Frailty represented as CFS 5-9 demon-
strated still significantly higher odds ratio for mortality:

2.58 (CI 2.11-3.17) as compared to CFS 1-4 (Fig. 3).
Patients from the UK and from other countries had com-
parable odds ratios 2.47 (CI 1.88-3.23) and 2.58 (CI 2.11—
3.17), respectively (Fig. 3). Analysing subgroups with and
without age restriction (Additional file 1: Fig. S12), and
30-day and in-hospital mortality (Additional file 1: Fig.
S11) could not achieve homogenization of results. All
assessed subgroups showed significant heterogeneity, but
an influential study could not be identified by the leave-
one-out sensitivity analysis (Additional file 1: Fig. S13).
Patients with CFS 1-5 and CFS 6-9 were also com-
pared (Additional file 1: Figs. S15-S17). The overall odds
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ratio for mortality was 2.55 (CI 2.13-3.07). Again, all
subgroups demonstrated significant results, but hetero-
geneity was significant in all cases, although no influen-
tial study was identified by the leave-one-out sensitivity
analysis (Additional file 1: Fig. S18).

Similarly to our results, multiple logistic regression
adjusted for age, sex, respiratory rate, FiO,, consolida-
tion, and urea resulted in an OR of 2.55 (CI 1.74-3.74)
for 30-day mortality and OR: 2.60 (CI 1.34-5.06) for 72-h
mortality by Bradley et al. for patients with CFS>5 [82].

Maguire et al. reported on a retrospective cohort of
261 patients. Unfortunately the presented data was con-
tradictory, thus could not be included in the quantitative
synthesis.

Nineteen studies reported the mean or median frailty
in survivors and non-survivors, of which 12 were
included in quantitative synthesis (Additional file 1: Fig.
S21). Non-survivors generally scored significantly higher
using the CFS than survivors (overall WMD: 1.21; CI
0.83-1.59). Differences were significant for in-hospital
and 30-day mortality separately. Regrouping by country
also yielded significant results in both subgroups (Addi-
tional file 1: Fig. $20). No influential study was identified
by the leave-one-out sensitivity analysis (Additional file 1:
Fig. $22).

Similarly to the results of the quantitative synthesis,
Brill et al. reported, that the median CFS was 4 in dis-
charged patients versus 5 in patients who died (p=0.014)
[37].

Cecchini et al. reported on a hospital cohort of 122 ger-
iatric patients [39]. Median CFS was significantly higher
in non-survivors than survivors (7 vs 6, respectively;
p=0.001). IQR was not appropriately stated, thus could
not be included in the analysis. Cuvelier et al. included 20
severe COVID-19 patients admitted to a geriatric inter-
mediate care unit, who were not eligible for any higher
level treatment [42]. Non-survivors had higher median
CFS (6.0, IQR: 5.5-6.5) compared to survivors (4.5, IQR:
3.5-6.0). In both groups two patients had missing CES
data. Fallon et al. reported on a hospital cohort of 86
elderly patients [47]. Non-survivors had a mean CFS of
5.2 compared to survivors’ 4.1 (SD was not published).
Hoek et al. provided data on solid organ transplant recip-
ients. The mean CFS was 5.8 points for patients who died,
while 1.92 points for survivors (SD was not disclosed)
[51]. Koduri et al. reported on a single center cohort of
500 patients [54]. Non-survivors had significantly higher
median CFS score (5, min: 1, max: 9) than survivors (3,
min: 1, max: 9), (p<0.001).

McWilliams et al. only included COVID-19 patients
admitted to the ICU, therefore could not be pooled.
ICU mortality and hospital discharge destination were
detailed by CFS score categories [61]. 67 patients died
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in the ICU, who’s CES score was significantly higher
than ICU survivors’ (p<0.001). Only one patient died in
the hospital after ICU discharge, who’s CFES score is not
detailed.

Van Steenkiste et al. included 32 severe patients, who
were not deemed eligible for invasive mechanical venti-
lation and received high-flow nasal oxygen therapy as a
rescue [78]. There was no difference in median CFS score
between survivors and non-survivors (4, IQR: 4-6 vs 4,
IQR: 4-6, p=0.44).

Frailty measured by the Hospital Frailty Risk Score

We performed a quantitative synthesis of three studies
reporting mortality in patients living with frailty using
Hospital Frailty Risk Score (Fig. 4) Two of these stud-
ies analysed nationwide recorded electronic databases
(Navaratnam et al. from England and Kundi et al. from
Turkey) including over 75,000 patients. The third study
was a hospital cohort study from Spain (Ramos-Rincon
et al.). Compared to the low-risk group (HFRS<5)
patients with intermediate and high risk of frailty had sig-
nificantly higher chance for mortality (OR: 1.98; CI 1.89—
2.07). Results were statistically homogenous (7*=0.0%;
p=0.583).

Apea et al. reported HFRS in a cohort from five acute
hospitals in London. Since there is high potential for an
overlapping patient population with Navaratnam et al.,
Apea et al. has been excluded from this analysis. Based
on their data calculated odds ratio for mortality was 5.21
(CI 4.03-6.74) in the intermediate and high-risk group
(HERS > 5) compared to the low-risk group (HFRS <5).

Frailty measured by the Multidimensional Prognostic Index
Quantitative synthesis of three studies reporting on mor-
tality associated with frailty measured by the MPI was
undertaken (Additional file 1: Fig. S24). Contradicto-
rily, in the study by Maki et al. mortality in patients with
frailty (MPI 2 and 3) was 16.7% as compared to 33.3% in
patients without frailty (MPI 1) [59]. This could be due
to the very low sample size (n=18). Overall odds ratio
for mortality in MPI 2+ 3 compared to MPI 1 was 4.31
(CI 0.91-20.49) but did not reach statistical significance.
Although all studies reported in-hospital mortality, there
was significant, substantial heterogeneity (F*=68.8%,
p=0.041).

Verholt et al. also reported significantly higher chance
of 30-day and 90-day mortality in patients living with
frailty (MPI 2 + 3) in contrast to patients with MPI 1 [79].

Frailty measured by miscellaneous tools

Two studies presented data on mortality in association
with a modified frailty index (mFI) [48, 56]. Fumagalli
et al. included 221 patients aged 75 or older from two
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Events,
Intermediate to  Events, %
Studies OR (95% Cl) high risk Low risk Weight
|
Kundi, H. et al. (2020) — 1.96 (1.79, 2.15)  2618/12420 697/5814 26.37
1
Navaratnam, A. V. et al. (2021) -+ 1.98 (1.88,2.09) 21901/49670 2055721 73.14

Ramos-Rincon, J. M. et al. (2021)

1
1
L
1
1
1
Overall (I-squared = 0.0%, p = 0.583) Q
1
1
1
1
1
NOTE: Weights are from random effects analysis '
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Fig. 4 Mortality assessed by the Hospital Frailty Risk Score. Patients with intermediate and high risk (HFRS > 5) have significantly higher odds of
mortality (OR: 1.98; Cl 1.89-2.07) compared to patients with low risk of frailty (HFRS < 5). This analysis was statistically homogeneous (/2= 0.0%,
p=0.583). OR: odds ratio; Cl: confidence interval. p < 0.1 was considered significant

10

centres [48]. 44.3% of deceased patients were frail in
contrast to 29% in survivors. The absence of frailty was
significantly associated with survival (adjusted HR 0.6;
CI 0.39-0.94; p=0.024). Kurtz et al. presented data on
13,301 patients. Frailty indicated by mFI was associated
with worse 30-day and 60-day survival. (MFI>2 60-day
mortality HR: 1.38; CI 1.15-1.64; p <0.001) [56].

Steinmeyer et al. reported on a geriatric cohort of
patients, where frailty was assessed with the Frail Non-
Disabled Survey (FIND). According to their analysis
frailty was not correlated with mortality [74].

ICU admission

Ten studies reported on the association of frailty indi-
cated by the CFS and ICU admission. We conducted two
analyses with different partition of CES (1-3 vs 4-9 and
1-4 vs 5-9). Due to the arbitrary grouping of the CFS
by different authors 7 and 6 studies could be included
in the analyses of CFS 1-3 vs 4-9 and CFS 1-4 vs 5-9,
respectively.

The analysis of CFS 1-3 vs 4-9 resulted in an overall
odds ratio of 0.28 (CI 0.12-0.64), although displaying
in considerable statistical heterogeneity (I*=95.1%,
p=0.000). In order to clarify possible reasons behind
this, we divided the pool in two distinct subgroups.
This resulted in statistical homogeneity on both
groups (?=0.0%, p=0.732 and I*=35.2%, p=0.214)
(Fig. 5). One possible explanation might be that studies
included in the first group originated from countries,
where CFS was included in guidelines for advanced

care planning (Belgium, the Netherlands, the UK).
Here frailty resulted in significantly lower chance of
ICU admission (OR: 0.13; CI 0.09-0.17). In contrast,
frailty based advanced care planning was not applied
in majority of centres included in the second group. It
is to note, that Sablerolles et al. is a European multi-
centric retrospective cohort study in which centres
from Belgium, the Netherlands, France and the UK
recruited patients as well, but more than 50% of the
included patients originated from other European
countries. In this group frailty did not significantly
reduce chance for ICU admission (OR: 0.83; CI 0.63—
1.09) (Fig. 5). The leave-one-out sensitivity analysis did
not identify any influential study (Additional file 1: Fig.
S25).

In another quantitative analysis of studies, we exam-
ined association of ICU admission in a patient group
with further advanced frailty (CFS 5-9) compared
to robust and very mildly frail patients (CFS 1-4). In
the quantitative synthesis 6 studies could be included
(Additional file 1: Fig. S27). In overall, advanced frailty
(CES 5-9) resulted in significantly lower chance of
ICU admission (OR: 0.09; CI 0.04-0.22). Although a
subgroup analysis was not applicable, an analogical
tendency can be observed as in Fig. 5, resulting in sig-
nificant overall heterogeneity (I*=64.9%, p=0.014).
The leave-one-out sensitivity analysis did not identify
any influential study (Additional file 1: Fig. S28).
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Events, Events,
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1
Sablerolles, R. S. G. et al. (2021) : - 0.96 (0.80, 1.16) 263/1057 353/1377 15.56
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Fig. 5 ICU admission in patients with frailty indicated by CFS 1-3 vs 4-9. Patients living with frailty (CFS 4-9) have significantly lower odds to be
admitted to the ICU (overall OR: 0.28; Cl 0.12-0.64). In group 1 chance for ICU admission was significantly lower in patients with frailty (OR: 0.13; Cl
0.09-0.17), however in group 2 to there was no significant difference (OR: 0.83; Cl 0.63-1.09). For further explanation please see text. Please note,
that in contrast to the significant overall heterogeneity, both subgroups were statistically homogeneous. OR: odds ratio; Cl: confidence interval.

p<0.1 was considered significant

Higher chance in frail patients

Length of stay

The average length of stay was reported in seven studies.
Five studies reported on CFS, one study on HFRS and
one on both. Arbitrary categorization and different sta-
tistical methods of data presentation made quantitative
analyses unfeasible. A brief summary of results can be
found in Additional file 1: P. 34) The observed outcomes
show substantial heterogeneity and no meaningful, gen-
eralizable conclusion can be drawn.

Publication bias

Eggers’s test was only conducted where at least 10 stud-
ies were included in the analysis. Visual examination of
funnel plots and Eggers’ tests did not show small-study
effect for any examined outcomes, but one. (Additional
file 1: Figs. S10, S14, S19, S23, S24, S26, S29). On the fun-
nel plot of ICU admission CFS 1-3 vs 4-9 (Additional
file 1: Fig. S10) strong asymmetry can be observed, which
may be due to publication bias. HFRS and MPI could not
be examined due to the low number of studies included
in the analyses.

Discussion

In this systematic review and meta-analysis on the rela-
tionship between frailty and mortality, ICU admission,
and LOH in COVID-19 patients, with the inclusion of 54
studies and 152,628 subjects, we found that frailty was
associated with significantly elevated odds for mortality
and frail patients were less likely to be admitted to the
ICU.

Despite advances in critical care management, mortal-
ity of severe respiratory failure especially with COVID-
19 remains high [83-85]. Advanced organ support—the
cornerstone of intensive care—may interfere with human
dignity. The relatively high mortality and the required
work intensity means a burden for the patient, relatives,
and staff alike and is—last but not least—costly [86, 87].
Therefore, prolonged, advanced organ support might
be regarded as medically futile in those cases, whose
chances are extremely limited for survival [88, 89], hence
predictors of survival have been extensively researched.
Due to the unprecedented load on ICUs during the



Rottler et al. Annals of Intensive Care 2022,12(1):17

pandemic of COVID-19, implementing a reliable tool to
identify those who could not benefit from intensive care
would be of utmost help for clinicians, patients, and rela-
tives alike.

It is well known that age on its own can be misleading
in outcome prediction [90]. A potential alternative is the
assessment of frailty, a concept that has already been sup-
ported during the COVID-19 pandemic by some stud-
ies and recent meta-analyses [12—19]. However, multiple
methodological flaws were detected in previous meta-
analyses, such as pooling of odds, risk and hazard ratios,
as well as pooling of different frailty tools together [13,
19]. In terms of CFS we disagree with the calculation
of dose response, while single CFS increments cannot
be compared [14]. Furthermore, Kastora et al. demon-
strated a variable increase in mortality between single
CFS increments [17]. In most of those studies reporting
on CFS, categorization was arbitrary and the authors
did not report outcomes for each CFS score except five
included studies [43, 50, 52, 69, 71]. In contrast to recent
meta-analyses, we sought to analyse the most meaningful
arrangements of CFS groups dividing patients into a fit
to minimal degree of frailty group compared to patients
with more advanced level of frailty. Consequently, we
only included studies into each analysis, which reported
data on the respective grouping.

It is important to note, that frailty assessment-based
decision-making has not been implemented worldwide.
According to our literature search (up to September
2021), several countries (UK, the Netherlands, Belgium,
and France), with well resourced, high-quality health
care advised the use of CFS in decision-making in their
COVID-19 guidelines; in contrast to Central and Eastern
Europe [91-93].

Limitation of treatment, i.e.. denying advanced lev-
els of care to patients based on the level of frailty might
increase mortality, in a way of a self-fulfilling prophecy.
As a remarkable portion of the studies included in our
meta-analysis originated from countries where frailty-
based ceiling of care decision-making protocols are
already implemented, this fact on its own can influence
the observed mortality and therefore our results as well.
However, there is an increasing body of evidence from
other countries where frailty-based treatment limita-
tions are not included in daily routine patient manage-
ment. Kundi et al. reports in a Turkish nation-wide
assessment that high-risk frail patients (Hospital Frailty
Risk Score>15) had higher odds for all-cause mortality
(adjusted OR: 2.084; CI 1.799-2.413) but also a higher
chance for ICU admission (adjusted OR: 2.221; CI 1.951—
2.527), as well as receiving invasive mechanical ventila-
tion (adjusted OR: 1.769; CI 1.531-2.046) [55]. In a large
European multicentric retrospective study Sablerolles
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and colleagues provided evidence that compared to fit
patients (CFS 1-3), patients with frailty (CFS 6-9) had
a significantly higher chance of ICU admission (adjusted
OR: 1.54; CI 1.21-1.97), and in addition those admitted
to the ICU were significantly more likely to die (OR: 1.81;
CI 1.14-2.87) [73]. These findings align with our results,
suggesting that although there might be some effect
of limiting higher level of care, the observed high mor-
tality rate in frail COVID-19 patients cannot merely be
explained by that. Furthermore, our results also suggest
that measuring frailty could potentially help in the selec-
tion process of those patients who could not benefit from
intensive care.

As the clinically more aggressive variants are spreading
across the world, including Eastern and Central Europe—
the home region of the authors—the effective alloca-
tion of resources would be of utmost importance. These
countries were more-or-less spared during the first wave
and also in the second wave when mortality rates were
higher in Western and Northern European countries
[94-96]. However, the third wave proved devastating in
this region of Europe from both the ICU-burden and the
survival perspectives [97].

Although ethical concerns were raised against frailty-
based decision-making, this method potentially provides
a professional and transparent scaffold for health care
providers [98, 99]. It has also been shown that the deci-
sion to withhold or withdraw life-sustaining treatment
from patients older than 80 years in the ICU correlates
with income and religious influence. In countries with
lower income and higher religiosity, high-intensity criti-
cal care treatments are less frequently withdrawn, and
the decision does not depend on age and ICU bed avail-
ability [100]. In a recent multicentre, multinational pro-
spective observational study on 1346 older adult (>70)
ICU COVID-19 patients, frailty provided relevant prog-
nostic information in addition to age and comorbidities
[52]. Furthermore, an indirect comparison by Kow et al.
has indicated that frail individuals may be overrepre-
sented among the COVID-19 patient population and
given a rather strong hint that the presence of frailty may
lead to a higher risk of acquisition of COVID-19 [101]. In
addition to frailty, severity of the acute illness also has a
major role in clinical outcomes, especially in the elderly,
more frail population. It is also important to note that
patient care pathways could also have an impact on the
final outcome, however, detailed discussion of this issue
is beyond the scope of the current manuscript.

Finally, it should be mentioned that frailty must never
be applied as a stand-alone cutoff value in patient man-
agement. However, it should be part of a patient based,
individualized decision making. Therefore it would be
desirable that based on the available scientific evidence,
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health authorities encouraged and supported the imple-
mentation of frailty-based risk assessment into national
guidelines.

Strengths and limitations

To our knowledge, this is the most detailed and compre-
hensive, up to date evaluation of frailty in COVID-19,
separately analysing 30-day and in-hospital mortality,
studies from and outside of the UK and reporting on dif-
ferent age groups, as well as including five different frailty
assessment scores. We also assessed the relationship
between frailty and ICU admission. In contrast to other
meta-analyses, we only pooled together studies using
the same frailty score, same frailty range, and similar sta-
tistical tools. Another methodological strength is that
leave-one-out sensitivity analysis was also performed to
identify influential studies. The majority of the included
studies were retrospective and carried high risk of bias,
therefore could introduce bias in our analysis. Neverthe-
less, one of the most important limitations of our study is
the considerable heterogeneity that was a common fea-
ture in many of the analyses. The explanation could lie in
standard medical practice, age distribution, and nurse-
to-patient ratio, which can differ between countries and
hospitals. Another limitation is that we did not have
access to individual patient data. Furthermore, studies
implementing frailty assessment in COVID-19 were not
published from Central and Eastern European countries;
therefore, they were not represented in the quantitative
analyses.

Conclusion

To the best of our knowledge, this is the largest, most
recent and comprehensive meta-analysis of studies in this
topic today in COVID-19 patients. Our results show that
frailty as determined by CEFS is strongly associated with
in-hospital and 30-day mortality and may also play an
important role in determining eligibility for ICU admis-
sion in patients suffering from COVID-19. These findings
have some implications for research: further evaluation
of the effects of frailty-based patient management on
ICU admission, ICU mortality as well as long term out-
comes should also be investigated in the future within the
scope of high-quality, low risk of bias studies. Regarding
implications for practice, we believe that frailty-based
patient management should be included in international
COVID-19 treatment guidelines.

Abbreviations
ICU: Intensive care unit; LOH: Length of hospitalization; CENTRAL: The
Cochrane Central Register of Controlled Trials; QUIPS: Quality in Prognosis

Page 17 of 21

Studies tool; OR: Odds ratio; WMD: Weighted mean difference; CI: Confidence
interval; CFS: Clinical Frailty Scale; HFRS: Hospital Frailty Risk Score; MPI: Mul-
tidimensional Prognostic Index; ICD: International Classification of Diseases;
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
PECO: Patient, Exposure, Control, Outcome; SD: Standard deviation; FIND:

Frail Non-Disabled questionnaire; IQ: Interquartile; UK: United Kingdom; n/a:
Not available; n/r: No restriction; P/C: Prospective cohort; R/C: Retrospective
cohort; PCR: Polymerase chain reaction; Clin: Clinical; Rad: Radiological; CT:
Computer tomography; CXR: Chest X-ray; rAT: Rapid antigen testing; FiO:
Fraction of inspired oxygen.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513613-021-00977-4.

Additional file 1. Risk of bias assessment protocol. Figure S1. Risk of bias
assessment for in-hospital mortality. Figure S2. Risk of bias assessment

for 30-day mortality. Figure S3. Risk of bias assessment for average frailty
comparing deceased and discharged COVID-19 patients. Figure S4. Risk
of bias assessment for average frailty comparing COVID-19 patients who
survived for 30-days vs who did not survive. Figure S5. Risk of bias assess-
ment for ICU admission. Figure S6. Risk of bias assessment for length of
hospital stay. Figure S7. 30-day and in-hospital mortality in patients with
frailty indicated by CFS (1-3 vs 4-9). Figure S8. Mortality in frail patients
indicated by CFS (1-3 vs 4-9), with studies grouped by age restriction.
Figure S9. Leave-one-out sensitivity analysis for studies reporting mortal-
ity in patients with CFS 1-3 vs 4-9. Figure S$10. Funnel plot for mortality in
patients with CFS 1-3 vs 4-9. Figure S11. 30-day and in-hospital mortality
in patients with CFS 1-4 vs 5-9. Figure $12. Mortality in patients with CFS
1-4 vs 5-9, with studies grouped by age restriction. Figure S13. Leave-
one-out sensitivity analysis for studies reporting mortality in patients with
CFS 1-4 vs 5-9. Figure S14. Funnel plot for mortality in patients with CFS
1-4 vs 5-9. Figure S15. Mortality comparing CFS 1-5 and CFS 6-9 groups,
with studies grouped by country. Figure $S16. 30-day and in-hospital
mortality in patients with CFS 1-5 vs 6-9. Figure S17. Mortality compar-
ing CFS 1-5 and CFS 6-9 groups, with studies grouped by age restric-
tion. Figure S18. Leave-one-out sensitivity analysis for studies reporting
mortality in patients with CFS 1-5 vs CFS 6-9. Figure $19. Funnel plot

for mortality in patients with CFS 1-5 vs 6-9. Figure S20. Forest plot for
weighted mean difference of CFS score for mortality with studies grouped
by country. Figure S21. Forest plot for weighted mean difference of CFS
score for mortality with studies grouped by follow-up. Figure $22. Leave-
one-out sensitivity analysis for studies reporting average frailty indicated
by CFS in survivors and non-survivors. Figure $23. Funnel plot for frailty
difference in survivors vs non-survivors. Figure S24. Forest plot for mortal-
ity in patients with MPI 1 vs 2 and 3. Figure S25. Leave-one-out sensitivity
analysis for studies reporting ICU admission in patients with CFS 1-3 vs
4-9. Figure S26. Funnel plot for ICU admission in patients with CFS 1-3 vs
4-9. Figure S27. Forest plot for ICU admission in patients with CFS 1-4 vs
5-9. Figure S28. Leave-one-out sensitivity analysis for studies reporting
ICU admission in patients with CFS 1-4 vs 5-9. Figure $29. Funnel plot
for ICU admission in patients with CFS 1-4 vs 5-9. Length of hospital stay:
Summary of reported results.

Additional file 2. PRISMA 2020 checklist.

Acknowledgements
We would like to thank Szabolcs Kiss and Fanni Dembrovszky for the meth-
odological workshops and advice.

Authors’ contributions

RM performed the systematic search and selection, data extraction, risk of bias
assessment and wrote the methods and results sections of the manuscript.
KO provided methodological counsel in all phases from preliminary searches
to writing of the manuscript and wrote the introduction and discussion
sections of the manuscript. AG and ZS performed the statistical analyses. TL
performed the systematic search and selection, data extraction, risk of bias
assessment and provided expert opinion on the use of frailty in intensive care.



https://doi.org/10.1186/s13613-021-00977-4
https://doi.org/10.1186/s13613-021-00977-4

Rottler et al. Annals of Intensive Care 2022,12(1):17

MV prepared the figures. PH, TM and BE provided expert opinion during the
writing of the manuscript. ZM coordinated the work and provided expert
opinion. All authors read and approved the final manuscript.

Funding

Open access funding provided by Semmelweis University. This work was
funded by the Economic Development and Innovation Operational Pro-
gramme Grant (GINOP-2.3.2-15-2016-00048—STAY ALIVE and GINOP-2.3.4-
15-2020-00010 Competence Center for Health Data Analysis, Data Utilisation
and Smart Device and Technology Development at the University of Pécs)
and was supported by the Hungarian National Research, Development and
Innovation Office (Grant No: K138816). The funding body did not take part in
the design of the study and collection, analysis, and interpretation of data and
in writing the manuscript.

Availability of data and materials
Original data is available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate
Given the nature of this study, ethic approval and consent were not required.

Consent for publication
All authors consent to publication of the manuscript and support material.

Competing interests
We declare no competing interests.

Author details

'Institute for Translational Medicine, Szentdgothai Research Centre, Medical
School, University of Pécs, Pécs, Hungary. “Centre for Translational Medicine,
Semmelweis University, Budapest, Hungary. >Division of Pancreatic Diseases,
Heart and Vascular Center, Semmelweis University, Budapest, Hungary.
“Department of Anaesthesiology and Intensive Therapy, Szent Gydrgy
University Teaching Hospital of Fejér County, 8000 Székesfehérvar, Hungary.
*Doctoral School of Clinical Medicine, University of Szeged, 6720 Szeged,
Hungary. °Department of Anaesthesiology and Intensive Therapy, University
of Pécs, 7624 Pécs, Hungary. / Anaesthetic Department, Hinchingbrooke
Hospital, North West Anglia NHS Foundation Trust, Huntingdon PE29 6NT, UK.
8Department of Anaesthesiology and Intensive Therapy, Poznan University

of Medical Sciences, 61-701 Poznan, Poland. °Department of Anaesthesiology
and Intensive Therapy, Semmelweis University, 1082 Budapest, Hungary.

Received: 22 July 2021 Accepted: 22 December 2021
Published: 20 February 2022

References

1. Xue Q-L.The frailty syndrome: definition and natural history. Clin Geriatr
Med. 2011;27(1):1-15.

2. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell
I, Mitnitski A. A global clinical measure of fitness and frailty in elderly
people. Can Med Assoc J. 2005;173(5):489.

3. Pulok MH, Theou O, van der Valk AM, Rockwood K. The role of illness
acuity on the association between frailty and mortality in emergency
department patients referred to internal medicine. Age Ageing.
2020;49(6):1071-9.

4. Rockwood K, Theou O. Using the clinical frailty scale in allocating scarce
health care resources. Can Geriatr J. 2020;23(3):210-5.

5. Theou O, Pérez-Zepeda MU, van der Valk AM, Searle SD, Howlett SE,
Rockwood K. A classification tree to assist with routine scoring of the
Clinical Frailty Scale. Age Ageing. 2021;50(4):1406-11.

6. Church S, Rogers E, Rockwood K, Theou O. A scoping review of the
Clinical Frailty Scale. BMC Geriatr. 2020;20(1):393.

7. Wallis SJ, Wall J, Biram RW, Romero-Ortuno R. Association of the clinical
frailty scale with hospital outcomes. QJM: Mon J Assoc Physicians.
2015;108(12):943-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 18 of 21

Silva-Obregoén JA, Quintana-Diaz M, Saboya-Sénchez S, Marian-Crespo
C, Romera-Ortega MA, Chamorro-Jambrina C, Estrella-Alonso A, Andrés-
Esteban EM. Frailty as a predictor of short- and long-term mortality in
critically ill older medical patients. J Crit Care. 2020;55:79-85.

Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, Arora S,
Street A, Parker S, Roberts HC, et al. Development and validation of a
Hospital Frailty Risk Score focusing on older people in acute care set-
tings using electronic hospital records: an observational study. Lancet.
2018;391(10132):1775-82.

Pilotto A, Ferrucci L, Franceschi M, D'’Ambrosio LP, Scarcelli C, Cascavilla
L, Paris F, Placentino G, Seripa D, Dallapiccola B, et al. Development and
validation of a multidimensional prognostic index for one-year mortal-
ity from comprehensive geriatric assessment in hospitalized older
patients. Rejuvenation Res. 2008;11(1):151-61.

Maltese G, Corsonello A, Di Rosa M, Soraci L, Vitale C, Corica F, Lat-
tanzio F. Frailty and COVID-19: a systematic scoping review. J Clin Med.
2020;9(7):2106.

Kow CS, Hasan SS, Thiruchelvam K, Aldeyab M. Association of frailty
and mortality in patients with COVID-19: a meta-analysis. Br J Anaesth.
2021;126:2108-10.

Zhang X-M, Jiao J, Cao J, Huo X-P, Zhu C, Wu X-J, Xie X-H. Frailty as a pre-
dictor of mortality among patients with COVID-19: a systematic review
and meta-analysis. BMC Geriatr. 2021;21(1):186.

Pranata R, Henrina J, Lim MA, Lawrensia S, Yonas E, Vania R, Huang

I, Lukito AA, Suastika K, Kuswardhani RAT, et al. Clinical frailty scale

and mortality in COVID-19: a systematic review and dose-response
meta-analysis: Clinical Frailty Scale in COVID-19. Arch Gerontol Geriatr.
2021;93:104324.

Cosco TD, Best J, Davis D, Bryden D, Arkill S, van Oppen J, Riadi |, Wagner
KR, Conroy S. What is the relationship between validated frailty scores
and mortality for adults with COVID-19 in acute hospital care? A sys-
tematic review. Age Ageing. 2021;50(3):608-16.

Dumitrascu F, Branje KE, Hladkowicz ES, Lalu M, Mclsaac DI. Association
of frailty with outcomes in individuals with COVID-19: a living review
and meta-analysis. J Am Geriatr Soc. 2021,69(9):2419-29.

Kastora S, Kounidas G, Perrott S, Carter B, Hewitt J, Myint PK. Clini-

cal frailty scale as a point of care prognostic indicator of mortality in
COVID-19: a systematic review and meta-analysis. EClinicalMedicine.
2021;36:100896.

Saragih ID, Advani S, Saragih IS, Suarilah I, Susanto |, Lin CJ. Frailty as a
mortality predictor in older adults with COVID-19: a systematic review
and meta-analysis of cohort studies. Geriatr Nurs. 2021;42(5):983-92.
Yang Y, Luo K, Jiang Y, Yu Q, Huang X, Wang J, Liu N, Huang P. The
impact of frailty on COVID-19 outcomes: a systematic review and meta-
analysis of 16 cohort studies. J Nutr Health Aging. 2021;25(5):702-9.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med. 2009;6(7):21000097.

Byrne D, Neill SBO, Mdiller NL, Muller CIS, Walsh JP, Jalal S, Parker W,
Bilawich AM, Nicolaou S. RSNA expert consensus statement on report-
ing chest CT findings related to COVID-19: interobserver agreement
between chest radiologists. Can Assoc Radiol J. 2021;72(1):159-66.
Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-74.

Hayden JA, Coté P, Bombardier C. Evaluation of the quality of prognosis
studies in systematic reviews. Ann Intern Med. 2006;144(6):427-37.
Grooten WJA, Tseli E, Ang BO, Boersma K, Stalnacke B-M, Gerdle B,
Enthoven P. Elaborating on the assessment of the risk of bias in prog-
nostic studies in pain rehabilitation using QUIPS—aspects of interrater
agreement. Diagn Progn Res. 2019;3(1):5.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and stand-
ard deviation from the sample size, median, range and/or interquartile
range. BMC Med Res Methodol. 2014;14(1):135.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986,7(3):177-88.

Thabane L, Mbuagbaw L, Zhang S, Samaan Z, Marcucci M, Ye C, Tha-
bane M, Giangregorio L, Dennis B, Kosa D, et al. A tutorial on sensitivity
analyses in clinical trials: the what, why, when and how. BMC Med Res
Methodol. 2013;13(1):92.

Aliberti MJR, Szlejf C, Avelino-Silva VI, Suemoto CK, Apolinario D, Dias
MB, Garcez FB, Trindade CB, Amaral JRDG, de Melo LR, et al. COVID-19



Rottler et al. Annals of Intensive Care 2022,12(1):17

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

is not over and age is not enough: using frailty for prognostication in
hospitalized patients. J Am Geriatr Soc. 2021;69(5):1116-27.
Andrés-Esteban EM, Quintana-Diaz M, Ramirez-Cervantes KL, Benayas-
Pefa |, Silva-Obregén A, Magallon-Botaya R, Santolalla-Arnedo |,
Juérez-Vela R, Gea-Caballero V. Outcomes of hospitalized patients with
COVID-19 according to level of frailty. Peer). 2021;9:¢11260.

Apea VJ, Wan YI, Dhairyawan R, Puthucheary ZA, Pearse RM, Orkin CM,
Prowle JR. Ethnicity and outcomes in patients hospitalised with COVID-
19 infection in East London: an observational cohort study. BMJ Open.
2021;11(1):e042140.

Aw D, Woodrow L, Ogliari G, Harwood R. Association of frailty with
mortality in older inpatients with Covid-19: a cohort study. Age Ageing.
2020;49(6):915-22.

Baker KF, Hanrath AT, van der Loeff IS, Tee SA, Capstick R, Marchitelli G,
Li A, Barr A, Eid A, Ahmed S, et al. COVID-19 management in a UK NHS
Foundation Trust with a high consequence infectious diseases centre: a
retrospective analysis. Med Sci (Basel). 2021;9(1):6.

Bavaro DF, Diella L, Fabrizio C, Sulpasso R, Bottalico IF, Calamo A, Santoro
CR, Brindicci G, Bruno G, Mastroianni A, et al. Peculiar clinical presenta-
tion of COVID-19 and predictors of mortality in the elderly: a multicen-
tre retrospective cohort study. Int J Infect Dis. 2021;105:709-15.

Bielza R, Sanz J, Zambrana F, Arias E, Malmierca E, Portillo L, Thuissard

1J, Lung A, Neira M, Moral M, et al. Clinical characteristics, frailty, and
mortality of residents with COVID-19 in nursing homes of a region of
Madrid. J Am Med Dir Assoc. 2021;22:245-52.

Blomaard LC, van der Linden CMJ, van der Bol JM, Jansen SWM,
Polinder-Bos HA, Willems HC, Festen J, Barten DG, Borgers AJ, Bos JC,
et al. Frailty is associated with in-hospital mortality in older hospitalised
COVID-19 patients in the Netherlands: the COVID-OLD study. Age Age-
ing. 2021;50:631-40.

Bradley P, Frost F, Tharmaratnam K, Wootton DG. Utility of established
prognostic scores in COVID-19 hospital admissions: multicentre pro-
spective evaluation of CURB-65, NEWS2 and qSOFA. BMJ Open Respir
Res. 2020;7(1):e000729.

Brill SE, Jarvis HC, Ozcan E, Burns TLP, Warraich RA, Amani LJ, Jaffer

A, Paget S, Sivaramakrishnan A, Creer DD. COVID-19: a retrospective
cohort study with focus on the over-80s and hospital-onset disease.
BMC Med. 2020;18(1):194.

Burns GP, Lane ND, Tedd HM, Deutsch E, Douglas F, West SD, Macfarlane
JG, Wiscombe S, Funston W. Improved survival following ward-based
non-invasive pressure support for severe hypoxia in a cohort of frail
patients with COVID-19: retrospective analysis from a UK teaching
hospital. BMJ Open Respir Res. 2020;7(1):2000621.

Cecchini S, Di Rosa M, Soraci L, Fumagalli A, Misuraca C, Colombo D,
Piomboni |, Carnevali F, Paci E, Galeazzi R, et al. Chest x-ray score and
frailty as predictors of in-hospital mortality in older adults with covid-
19.J Clin Med. 2021;10(13):2965.

Chinnadurai R, Ogedengbe O, Agarwal P Money-Coomes S, Abdurrah-
man AZ, Mohammed S, Kalra PA, Rothwell N, Pradhan S. Older age and
frailty are the chief predictors of mortality in COVID-19 patients admit-
ted to an acute medical unit in a secondary care setting—a cohort
study. BMC Geriatr. 2020;20(1):409.

Covino M, Russo A, Salini S, De Matteis G, Simeoni B, Della Polla D,
Sandroni C, Landi F, Gasbarrini A, Franceschi F. Frailty assessment in the
emergency department for risk stratification of COVID-19 patients aged
>80 years. J Am Med Dir Assoc. 2021;22(9):1845.

Cuvelier C, Fassier T, Dalex M, Lagrue S, Trombert V, Herrmann FR, Zekry
D, Roux X. Oldest-old Covid-19 patients: lessons learnt in a geriatric
intermediate care unit. J Crit Care. 2021,63:54-5.

Davis P, Gibson R, Wright E, Bryan A, Ingram J, Lee RP, Godwin J, Evans
T, Burleigh E, Wishart S, et al. Atypical presentations in the hospitalised
older adult testing positive for SARS-CoV-2: a retrospective observa-
tional study in Glasgow, Scotland. Scott Med J. 2020,66:89-97.

De Smet R, Mellaerts B, Vandewinckele H, Lybeert P, Frans E, Ombelet

S, Lemahieu W, Symons R, Ho E, Frans J, et al. Frailty and mortality in
hospitalized older adults with COVID-19: retrospective observational
study. J Am Med Dir Assoc. 2020,21(7):928-932.e921.

Dres M, Hajage D, Lebbah S, Kimmoun A, Pham T, Béduneau G, Combes
A, Mercat A, Guidet B, Demoule A, et al. Characteristics, management,
and prognosis of elderly patients with COVID-19 admitted in the ICU
during the first wave: insights from the COVID-ICU study: prognosis of

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 19 of 21

COVID-19 elderly critically ill patients in the ICU. Ann Intensive Care.
2021,11(1):77.

Fagard K, Gielen E, Deschodt M, Devriendt E, Flamaing J. Risk factors
for severe COVID-19 disease and death in patients aged 70 and over: a
retrospective observational cohort study. Acta Clin Belg. 2021. https://
doi.org/10.1080/17843286.2021.1890452.

Fallon A, McDonough A, McFeely A, Connolly E, Dolphin H, O'Keeffe A,
CoughlanT, Mello S, Kennelly SP. Hospitalised older people with covid-
19: one month outcomes. Ir Med J. 2021;114(2):273.

Fumagalli C, Ungar A, Rozzini R, Vannini M, Coccia F, Cesaroni G, Mazzeo
F, D'Ettore N, Zocchi C, Tassetti L, et al. Predicting mortality risk in older
hospitalized persons with COVID-19: a comparison of the COVID-19
mortality risk score with frailty and disability. J Am Med Dir Assoc.
2021;22(8):1588-1592.e1581.

Gilis M, Chagrot N, Koeberle S, Tannou T, Brunel AS, Chirouze C, Bouiller
K. Older adults with SARS-CoV-2 infection: utility of the clinical frailty
scale to predict mortality. J Med Virol. 2021;93:2453-60.

Hewitt J, Carter B, Vilches-Moraga A, Quinn TJ, Braude P, Verduri A,
Pearce L, Stechman M, Short R, Price A, et al. The effect of frailty on
survival in patients with COVID-19 (COPE): a multicentre, European,
observational cohort study. Lancet Public Health. 2020;5(8):e444-51.
Hoek RAS, Manintveld OC, Betjes MGH, Hellemons ME, Seghers L,

Van Kampen JAA, Caliskan K, van de Wetering J, van den Hoogen M,
Metselaar HJ, et al. COVID-19 in solid organ transplant recipients: a
single-center experience. Transpl Int. 2020;33(9):1099-105.

Jung C, Flaatten H, Fjalner J, Bruno RR, Wernly B, Artigas A, Bollen Pinto
B, Schefold JC, Wolff G, Kelm M, et al. The impact of frailty on survival
in elderly intensive care patients with COVID-19: the COVIP study. Crit
Care. 2021;25(1):149.

Knights H, Mayor N, Millar K, Cox M, Bunova E, Hughes M, Baker J,
Mathew S, Russell-Jones D, Kotwica A. Characteristics and outcomes of
patients with COVID-19 at a district general hospital in Surrey, UK. Clin
Med (Lond). 2020;20(5):e148-53.

Koduri G, Gokaraju S, Darda M, Warrier V, Duta |, Hayes F, Sayed IE,
Noeman-Ahmed Y. Clinical frailty score as an independent predic-

tor of outcome in COVID-19 hospitalised patients. Eur Geriatr Med.
2021;12:1065-73.

Kundi H, Cetin E, Canpolat U, Aras S, Celik O, Ata N, Birinci S, Gay S,
Ozeke O, Tanboga IH, et al. The role of frailty on adverse outcomes
among older patients with COVID-19. J Infect. 2020;81(6):944-51.
Kurtz P, Bastos LSL, Dantas LF, Zampieri FG, Soares M, Hamacher S,
Salluh JIF, Bozza FA. Evolving changes in mortality of 13,301 critically

ill adult patients with COVID-19 over 8 months. Intensive Care Med.
2021;47(5):538-48.

Lozano-Montoya I, Quezada-Feijoo M, Jaramillo-Hidalgo J, Garmendia-
Prieto B, Lisette-Carrillo P, Gomez-Pavén FJ. Mortality risk factors in

a Spanish cohort of oldest-old patients hospitalized with COVID-19

in an acute geriatric unit: the OCTA-COVID study. Eur Geriatr Med.
2021;12:1169-80.

Maguire D, Richards C, Woods M, Dolan R, Veitch JW, Sim WMJ, Kem-
mett OEH, Milton DC, Randall SLW, Bui LD, et al. The systemic inflamma-
tory response and clinicopathological characteristics in patients admit-
ted to hospital with COVID-19 infection: comparison of 2 consecutive
cohorts. PLoS ONE. 2021;16(5):e0251924.

MakiY, Sano T, Kimizuka Y, Kawana A. Authors'reply to the letter to the
editor from Castagna et al. Geriatr Gerontol Int. 2021;21(4):372.
Marengoni A, Zucchelli A, Vetrano DL, Armellini A, Botteri E, Nicosia

F, Romanelli G, Beindorf EA, Giansiracusa P, Garrafa E, et al. Beyond
chronological age: frailty and multimorbidity predict in-hospital mortal-
ity in patients with coronavirus disease 2019. J Gerontol A Biol Sci Med
Sci. 2021;76:238-45.

McWilliams D, Weblin J, Hodson J, Veenith T, Whitehouse T, Snelson C.
Rehabilitation levels in patients with COVID-19 admitted to intensive
care requiring invasive ventilation an observational study. Ann Am
Thorac Soc. 2021;18(1):122-9.

Mendes A, Serratrice C, Herrmann FR, Genton L, Périvier S, Scheffler M,
Fassier T, Huber P, Jacques MC, Prendki V, et al. Predictors of in-hospital
mortality in older patients with COVID-19: The COVIDAge study. J Am
Med Dir Assoc. 2020;21(11):1546-1554.e1543.

Moledina SM, Maini AA, Gargan A, Harland W, Jenney H, Phillips G,
Thomas K, Chauhan D, Fertleman M. Clinical characteristics and


https://doi.org/10.1080/17843286.2021.1890452
https://doi.org/10.1080/17843286.2021.1890452

Rottler et al. Annals of Intensive Care 2022,12(1):17

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

predictors of mortality in patients with COVID-19 infection outside
intensive care. Int J Gen Med. 2020;13:1157-65.

Moloney E, Eustace J, O'Caoimh R, O'connor K, O'sullivan C, Jackson A,
McGrath K, Lapthorne S, Mahony DO, Sullivan PO, et al. Frailty, covid-19
disease severity and outcome among hospitalised older adults. Ir Med
J.2020;113(10):1-11.

Navaratnam AV, Gray WK, Day J, Wendon J, Briggs TWR. Patient factors
and temporal trends associated with COVID-19 in-hospital mortality

in England: an observational study using administrative data. Lancet
Respir Med. 2021;9(4):397-406.

Noble JH, Dipper A, Coombs C, Ifthikar H, Alaee S, Kent A, Wollerton

R, Rossdale J, Miller R. South west experience of continuous posi-

tive airway pressure non-invasive ventilation for COVID-19. Thorax.
2021;76(SUPPL 1):A58-9.

Osuafor CN, Davidson C, Mackett AJ, Goujon M, Van Der Poel L, Taylor
V, Preller J, Goudie RJB, Keevil VL. Clinical features, inpatient trajectories
and frailty in older inpatients with COVID-19: a retrospective observa-
tional study. Geriatrics (Basel). 2021;6(1):11.

Owen RK, Conroy SP, Taub N, Jones W, Bryden D, Pareek M, Faull C,
Abrams KR, Davis D, Banerjee J. Comparing associations between frailty
and mortality in hospitalised older adults with or without COVID-19
infection: a retrospective observational study using electronic health
records. Age Ageing. 2021;50:307-16.

Piers R, Janssens W, Cobbaert K, Pattyn |, Westhovens |, Martens H, Van
Puyvelde K, Maertens S, Guyssens V, Baeyens H, et al. Letter to the edi-
tor: Premorbid frailty is a better prognostic indicator than age in oldest-
old hospitalized with COVID-19. J Am Med Dir Assoc. 2021,22:514-6.
Pilotto A, Azzini M, Cella A, Cenderello G, Castagna A, Pilotto A, Custureri
R, Dini S, Farinella ST, Ruotolo G, et al. The multidimensional prognostic
index (MPI) for the prognostic stratification of older inpatients with
COVID-19: a multicenter prospective observational cohort study. Arch
Gerontol Geriatr. 2021;95:104415.

Ponsford MJ, Jefferies R, Davies C, Farewell D, Humphreys IR, Jolles S,
Fairbairn S, Lewis K, Menzies D, Benjamin A, et al. Burden of nosocomial
COVID-19 in Wales: results from a multicentre retrospective observa-
tional study of 2508 hospitalised adults. Thorax. 2021;76:1246-9.
Ramos-Rincon JM, Moreno-Perez O, Pinargote-Celorio H, Leon-Ramirez
JM, Andres M, Reus S, Herrera-Garcia C, Marti-Pastor A, Boix V, Gil J, et al.
Clinical Frailty Score vs Hospital Frailty Risk Score for predicting mortal-
ity and other adverse outcome in hospitalised patients with COVID-19:
Spanish case series. Int J Clin Pract. 2021,75:214599.

Sablerolles RSG, Lafeber M, van Kempen JAL, van de Loo BPA, Boersma
E, Rietdijk WIR, Polinder-Bos HA, Mooijaart SP, van der Kuy H, Versmissen
J, et al. Association between Clinical Frailty Scale score and hospital
mortality in adult patients with COVID-19 (COMET): an international,
multicentre, retrospective, observational cohort study. Lancet Healthy
Longev. 2021;2(3):e163-70.

Steinmeyer Z, Vienne-Noyes S, Bernard M, Steinmeyer A, Balardy L,

Piau A, Sourdet S. Acute care of older patients with COVID-19: clinical
characteristics and outcomes. Geriatrics (Basel). 2020;5(4):65.

Straw S, McGinlay M, Drozd M, Slater TA, Cowley A, Kamalathasan S,
Maxwell N, Bird RA, Koshy AQ, Prica M, et al. Advanced care planning
during the COVID-19 pandemic: ceiling of care decisions and their
implications for observational data. BMC Palliat Care. 2021;20(1):10.
Tehrani S, Killander A, Astrand P, Jakobsson J, Gille-Johnson P. Risk fac-
tors for death in adult COVID-19 patients: frailty predicts fatal outcome
in older patients. Int J Infect Dis. 2021;102:415-21.

Thiam CN, Hasmukharay K, Lim WC, Ng CC, Pang GHM, Abdullah A,
Saedon NI, Khor HM, Ong T. COVID-19 infection among older people
admitted to hospital: a cross-sectional analysis. Geriatrics (Basel).
2021;6(1):25.

van Steenkiste J, van Herwerden MC, Weller D, van den Bout CJ, Ruiter
R, den Hollander JG, el Moussaoui R, Verhoeven GT, van Noord C, van
den Dorpel MA. High-flow Nasal Cannula therapy: a feasible treatment
for vulnerable elderly COVID-19 patients in the wards. Heart Lung.
2021;50(5):654-9.

Verholt AB, Gregersen M, Gonzalez-Bofill N, Hansen TK, Ebdrup L,

Foss CH, Lietzen LW. Clinical presentation and outcomes of COVID-

19 in older hospitalised patients assessed by the record-based

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

ot

92.

93.

94.

95.

96.

97.
98.

99.

100.

Page 20 of 21

multidimensional prognostic index, a cross-sectional study. Eur Geriatr
Med. 2021;12:1147-57.

Welch C. Age and frailty are independently associated with increased
COVID-19 mortality and increased care needs in survivors: results of an
international multi-centre study. Age Ageing. 2021;50(3):617-30.
Wolfisberg S, Gregoriano C, Struja T, Kutz A, Koch D, Bernasconi L,
Hammerer-Lercher A, Mohr C, Haubitz S, Conen A, et al. Comparison of
characteristics, predictors and outcomes between the first and second
COVID-19 waves in a tertiary care centre in Switzerland: an observa-
tional analysis. Swiss Med Wkly. 2021;151:w20569.

Bradley P, Wilson J, Taylor R, Nixon J, Redfern J, Whittemore P, Gaddah M,
Kavuri K, Haley A, Denny P, et al. Conventional oxygen therapy versus
CPAP as a ceiling of care in ward-based patients with COVID-19: a multi-
centre cohort evaluation. EClinicalMedicine. 2021;40:101122.

Mdca J, Jor O, Holub M, Sklienka P, Buréa F, Burda M, Janout V, Sev¢ik P,
Past and present ARDS mortality rates: a systematic review. Respir Care.
2017,62(1):113-22.

Armstrong RA, Kane AD, Cook TM. Outcomes from intensive care in
patients with COVID-19: a systematic review and meta-analysis of
observational studies. Anaesthesia. 2020;75(10):1340-9.

Seymour CW, Kennedy JN, Wang S, Chang C-CH, Elliott CF, Xu Z, Berry
S, Clermont G, Cooper G, Gomez H, et al. Derivation, validation, and
potential treatment implications of novel clinical phenotypes for sepsis.
JAMA. 2019;321(20):2003-17.

Rangachari P, Woods JL. Preserving organizational resilience, patient
safety, and staff retention during COVID-19 requires a holistic consid-
eration of the psychological safety of healthcare workers. Int J Environ
Res Public Health. 2020;17(12):4267.

Bartsch SM, Ferguson MC, McKinnell JA, O'Shea KJ, Wedlock PT,
Siegmund SS, Lee BY. The potential health care costs and resource use
associated with COVID-19 in the United States. Health Aff (Millwood).
2020;39(6):927-35.

Cardona M, Anstey M, Lewis ET, Shanmugam S, Hillman K, Psirides A.
Appropriateness of intensive care treatments near the end of life during
the COVID-19 pandemic. Breathe. 2020;16(2):200062.

Savulescu J, Vergano M, Craxi L, Wilkinson D. An ethical algorithm for
rationing life-sustaining treatment during the COVID-19 pandemic. Br J
Anaesth. 2020;125(3):253-8.

Chelluri L, Grenvik A, Silverman M. Intensive care for critically ill elderly:
mortality, costs, and quality of life. Review of the literature. Arch Intern
Med. 1995;155(10):1013-22.

Azoulay E, Beloucif S, Guidet B, Pateron D, Vivien B, Le Dorze M. Admis-
sion decisions to intensive care units in the context of the major
COVID-19 outbreak: local guidance from the COVID-19 Paris-region
area. Crit Care. 2020;24(1):293.

Excellence. NIfhaC: COVID-19 rapid guideline: critical care in adults.
2020.

Geert Meyfroidt EV, Biston P, De Decker K, Wittebole X, Collin V, Depuydt
P, Duc Nam N, Hermans G, Jorens P, Ledoux D, Taccone F, Devisch .
Ethical principles concerning proportionality of critical care during the
2020 COVID-19 pandemic in Belgium: advice by the Belgian Society of
Intensive care medicine.

Villani L, McKee M, Cascini F, Ricciardi W, Boccia S. Comparison of deaths
rates for COVID-19 across Europe during the first wave of the COVID-19
pandemic. Front Public Health. 2020;8(910):620416.

Comparisons of all-cause mortality between European countries and
regions: 2020. https://www.ons.gov.uk/peoplepopulationandcommun
ity/birthsdeathsandmarriages/deaths/articles/comparisonsofallcaus
emortalitybetweeneuropeancountriesandregions/2020.

James N, Menzies M, Radchenko P. COVID-19 second wave mortality in
Europe and the United States. Chaos. 2021;31(3):031105.
https://ourworldindata.org/covid-deaths.

Wilkinson DJC. Frailty triage: is rationing intensive medical treatment on
the grounds of frailty ethical? Am J Bioethics. 2021;21:48-63.

De Biasio JC, Mittel AM, Mueller AL, Ferrante LE, Kim DH, Shaefi S. Frailty
in critical care medicine: a review. Anesth Analg. 2020;130(6):1462-73.
Guidet B, Flaatten H, Boumendil A, Morandi A, Andersen FH, Artigas

A, Bertolini G, Cecconi M, Christensen S, Faraldi L, et al. Withhold-

ing or withdrawing of life-sustaining therapy in older adults (>


https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/comparisonsofallcausemortalitybetweeneuropeancountriesandregions/2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/comparisonsofallcausemortalitybetweeneuropeancountriesandregions/2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/comparisonsofallcausemortalitybetweeneuropeancountriesandregions/2020
https://ourworldindata.org/covid-deaths

Rottler et al. Annals of Intensive Care 2022,12(1):17

80 years) admitted to the intensive care unit. Intensive Care Med.
2018;44(7):1027-38.

101. Kow CS, Hasan SS. Prevalence of frailty in patients with COVID-19: a
meta-analysis. J Frailty Aging. 2021;10:189-90.

Publisher’s Note

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

Page 21 of 21

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Clinical Frailty Scale (CFS) indicated frailty is associated with increased in-hospital and 30-day mortality in COVID-19 patients: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Protocol registration and reporting
	Eligibility and definitions
	Search and selection
	Data collection
	Risk of bias
	Statistical analysis

	Results
	Selection and characteristics of included studies
	Risk of bias
	Frailty is associated with an increased chance of mortality
	Frailty measured with the Clinical Frailty Scale
	Frailty measured by the Hospital Frailty Risk Score
	Frailty measured by the Multidimensional Prognostic Index
	Frailty measured by miscellaneous tools

	ICU admission
	Length of stay
	Publication bias

	Discussion
	Strengths and limitations
	Conclusion
	Acknowledgements
	References


