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Abstract: Background: Frail patients are increasingly vulnerable to stress, which is mainly manifested by a
reduced physiologic reserve in metabolic and immune systems and neuromuscular system. Several studies found
a significant association of frailty with COVID-19 severity to support the evidence for the application of frailty
assessment. However, there were contradictory results in other studies. Thus we conducted a systematic review
and meta-analysis to synthesize the current studies to investigate impact of frailty on COVID-19 outcomes and
provide evidence-based decisions in clinical practice. Objective: We aimed to synthesize the current studies
to investigate impact of frailty on COVID-19 outcomes and provide evidence-based decisions in clinical
practice. Design: A systematic review and Meta-analysis of 16 cohort studies. Participants: Patients with
COVID-19. Methods: A systematic retrieving for potential literature was conducted in several public electronic
databases, including Medline(OvidSP), EMBASE, Pubmed and Chinese databases(China National Knowledge
Infrastructure,Wanfang and Weipu) on August 1, 2020.The literature research was updated on October 26, 2020.
Newcastle Ottawa Scale for cohort studies was used for quality assessment. RevMan (Version 5.3) and Stata
14.0 were used to synthesize the pooled effects. Results: According to the predefined inclusion and exclusion
criteria, sixteen studies of 4324 patients were included in the final analysis. Frailty was significantly associated
with increased risk of all-cause mortality among patients with COVID-19, with pooled adjusted odds ratios of
1.81 (95% confidence intervals:1.48,2.21, 12=87.0%, P<0.001). The result was consistent in stratified analysis
to according to age, patient source, definitions of frailty, study quality, and adjustment method. Frailty was
significant associated with an increased risk of COVID-19 severity, admission to intensive care unit, application
of invasive mechanical ventilation, long-length stay. Conclusions: In this meta-analysis, we found frailty was
significantly associated with an increased risk of clinical adverse events (all- cause mortality, COVID-19
severity, admission to the intensive care unit, application of invasive mechanical ventilation, long-length stay).
Given the epidemic of COVID-19 and shortage of medical resources, paying more attention to screening frailty

would contribute to disease management and resource allocation among patients with COVID-19.
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Background

The ongoing pandemic of coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has been a great threaten to
public health worldwide (1). More than 76 million cases were
diagnosed and 1.6 million died up to December 22, 2020 (2).
As the medical shortage in the context of COVID-19, a number
of studies aimed to construct risk factor models to achieve
effective management of COVID-19 (3-5). In these models, age
was a common parameter, and increasing age was significantly
associated with adverse clinical outcomes (6, 7).

Frailty is a common syndrome with a decline in physiology,
psychology and cognition (8). Frail patients are increasingly
vulnerable to stress, mainly manifested by a reduced
physiologic reserve in metabolic, immune and neuromuscular
systems (9). Thus, frailty increases the risk of falls, disability,
institutionalization and mortality (10-12). Although frailty
is commonly used in old adults with a prevalence of 7.4% in
elderly dwelling in community (13) and 52.3% in nursing home
(14), it is not limited to the old people. Muscedere et al found
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that frailty was associated with 1.71-fold of hospital mortality
compared with non-frail among patients in intensive care unit,
which indicated a routine assessment of frail patients would
contribute to high survival and recovery rate in intensive care
unit (11). Additionally, it has been advocated by research that
add frailty to the clinical assessment in patients with general
surgery, acute coronary syndrome, and heart failure (15-20). In
UK, the National Institute of Clinical Excellence recommend
using the clinical frailty score to screen patients who need
admission to intensive care units (21).

As COVID-19 is continuing to rage around the world and
there is a lack of effective drugs to control the diseases, more
attention should be paid to effective management for diseases
to achieve the reasonable distribution of resources when the
medical environment is under the tremendous pressure of
medical shortage. Frailty was a concise and feasible tool used
to screen patients at high risk of worsen outcomes. clinical
frailty score was the most commonly used measurement tool,
which mainly assessed the daily function of patients. Patients
were categorized into nine levels from very fit (level one) to
terminally ill (level nine). Frailty was determined when clinical

Published online March 4, 2021, http:/ / dx.doi.org/10.1007 /s12603-021-1611-9

702



J Nutr Health Aging
Volume 25, Number 5, 2021

THE JOURNAL OF NUTRITION, HEALTH & AGING

frailty score great than 4 and pre-frailty as clinical frailty
score great than (22-24). Several studies found a significant
association of frailty with COVID-19 severity to support the
evidence for application of frailty assessment (25). A multi-
central retrospective study of ten hospitals found that clinical
frailty score7-9 was significant associated with 3.12-fold of
seven-day all-cause mortality in comparison with clinical frailty
scorel-2 (26). In addition, Chinnadurai et al. demonstrated
frailty was a key predictor factor for mortality among COVID-
19 patients hospitalized in an acute medical unit of secondary
care level (27). However, Knopp et al reported that increased
clinical frailty score was not associated with mortality risk
with hazard ratio of 1.02 (95% 0.93-1.12) (28). Another
study demonstrated frailty was not useful for guiding clinical
decision-making with an adjusted odds ratio of 1.6 (95% 0.7-
3.8) for clinical frailty score4, 1.6 (95% 0.7-3.9) for clinical
frailty score5 (29). In order to resolve the contradictory dispute
and make clear the role of frailty in the context of the COVID-
19 epidemic, we systematically collected the current evidence
and conducted a meta-analysis to investigate the impact of
frailty on COVID-19 outcomes and provide evidence-based
decisions in clinical practice.

Methods

The present study was conducted according to the Meta-
analysis Of Observational Studies in Epidemiology (MOOSE)
guidelines (see Appendix for Moose checklist).

Search strategy and selection criteria

A systematic retrieving for potential literature were
conducted in several public electronic databases, including
Medline (OvidSP), EMBASE, Pubmed and Chinese databases
(China National Knowledge Infrastructure,Wanfang and
Weipu) on August 1, 2020. The literature research was updated
on October 26, 2020 (see Appendix for Search strategy). The
search strategy was performed by combinations of MeSH
terms (frailty and COVID-19) and keywords such as frailty
(frail elderly), and COVID-19 (SARS-COV-2). We searched
the potential gray studies by reviewing references of eligible
articles.

Study selection

Two reviewers (Ying Yang and Kai Luo) blindly and
independently screened retrieved studies. Inconsistencies
between reviewers(whether a study should be included or not)
were further discussed until consensus was reached.

Inclusion and exclusion criteria

The inclusion criteria are following: (i) studies analyzing the
prevalence of frailty or the association of frailty with clinical
events among patients with COVID-19. Exclusion criteria
are as follows: (i)review and letter, (ii) case report and cross-
sectional studies, (iii) studies with insufficient data, (iv) studies

in other language except for English and Chinese,(v) studies
without a clear definition of frailty.

Data extraction

Two reviewers (Ying Yang and Jianghua Zhou) extracted
the data from the included studies, including region, age,
sample, study design, percentage of male, the source of patients,
definition of frailty, outcome. The reviewers cross-checked
all extracted data. Disagreements were discussed to reach a
consensus.

Assessment of risk of bias

The quality of the included studies was assessed by using
the Newcastle Ottawa Scale. Two reviewers performed
quality assessment independently and blindly. The items of
Newcastle Ottawa Scale for cohort studies were as following:
(i) representativeness of the exposed participants; (ii) selection
of non-exposed participants; (iii) ascertainment of exposed
factors; (iv) no occurrence of outcomes of interest at baseline;
(v) comparability; (vi) outcome assessment; (vii)enough period
of follow up for outcomes to occur; and (viii) adequacy of
follow up of cohorts.

Study outcome definition

Our present study aims to investigate the pooled prevalence
and outcomes of frailty among patients with COVID-19. The
outcomes included all-cause mortality, COVID-19 severity,
admission to the intensive care unit, application of invasive
mechanical ventilation, long-length stay(>10 days).Patients
were diagnosed as COVID-19 severity when they meet any
of the following criteria: significant increase of respiration
rate; hypoxia; consciousness disorder; food refusal or feeding
difficulty and dehydration; other manifestations, such as
coagulation disorders, cardiac damage, gastrointestinal disorder,
increased level of liver enzyme, and rhabdomyolysis; critically
ill cases (30).

Statistical analysis

The risk ratio was used as the common measure of
association between frailty and all-cause mortality across
studies.In order to synthesize the pooled effects, odds ratio
was transformed into risk ratio using the formula risk ratio =
odds ratio/[(1- PO) + (PO x odds ratio)], and hazard ratio was
considered as risk ratio (31, 32).When the exact association
measures were impossible to be extracted from the reports, we
recalculated the odds ratio and its variance was recalculated
according to standard methods.The software RevMan (Version
5.3) and Stata 14.0 were used for meta-analysis analysis.To
investigate the association between frailty and mortality risk,
the risk ratio and 95% confidence interval were calculated.
Fixed-effect and random-effect meta-analysis were conducted
using the Mantel-Haenszel method. The chi-square test for
Cochrane’s Q statistic and 12 were used tp assess heterogeneity.
When 12 was more than 50%, heterogeneity existed, and
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Table 1
Characteristics of included studies

Study Region Age Sample Study design Male Patients type Definition of frailty Outcome
Chinnadurai R 2020 England 74+4.5 215 retrospective cohort ~ 0.62 patients from an acute CFS all-cause mortality
27) medical unit
Kundi H 2020 (34) Turkey 741+ 7.1 18234 retrospective cohort 047 hospital patients Hospital Frailty Risk Score all- cause mortality,
COVID-19 severity,
admission to intensive
care unit, application
of invasive mechanical
ventilation, long-length
stay
Steinmeyer Z 2020 (35) France 855+75 94 retrospective cohort 045 hospital patients Frail Non-Disabled survey all-cause mortality
Shi SH 2020 (36) America 86.8+9.0 146 retrospective cohort  0.35 long-term care residents Frailty index all-cause mortality
Higg S 2020 (37) Sweden 81.0+8.6 250 retrospective cohort 048 hospital patients CFS all-cause mortality
Maguire D 2020 (38) England - 224 retrospective cohort 0.55 hospital patients CFS all-cause mortality
Ma'Y 2020 (46) China 60-96 114 prospective cohort 0.50 hospital patients FRAIL scale COVID-19 severity
Marengoni A 2020 (39) Italy 79.5+6.1 91 retrospective cohort 0.60 hospital patients CFS all-cause mortality
Darren A 2020 (40) England 81.1+8.1 677 retrospective cohort 0.54 hospital patients CFS all-cause mortality
Miles A 2020 (47) England 80.0+6.8 217 prospective cohort 0.62 hospital patients CFS all-cause mortality
Owen RK 2020 (41) England 78.8+8.3 285 retrospective cohort 0.54 hospital patients CFS all-cause mortality
Fiorentino M 2020 (42) America 60.7x15 374 retrospective cohort 0.59 hospital patients Palliative Performance all-cause mortality
Scale
Smet RD 2020 (43) Belgium 85.0+6.2 81 retrospective cohort 041 hospital patients CFS all-cause mortality
Burns GP 2020 (44) England 81.5+9.2 28 retrospective cohort  0.54 hospital patients CFS all-cause mortality
Hewitt J 2020 (26) England & Italy 74 +13.5 1564 retrospective cohort ~ 0.58 hospital patients CFS all-cause mortality
Rawle MJ 2020 (45) England 86.0+7.6 134 retrospective cohort 0.55 hospital patients CFS all-cause mortality
CFS: Clinical Frailty Scale
the random-effects meta-analysis was used. Otherwise, the Figure 1
fixed-effects meta-analysis would be used. we conducted the The flowchart of study screening
stratified analysis to test interactions according to age(mean
or median of age of more than 80 versus mean or median of e e Ovidlmediine) Clibese dyraveses
age of less than 80), source of patients(patients from hospitals E | | I
versus patients from secondary care settings), definition of 3
frailty(clinical frailty score, and other definitions of frailty), Duplicates removed
. . . . . (n=268)
the quality of included studies(high quality and low-moderate i
quality), adjustment method(multivariate versus univariate),
. o Records after duplicate removes
and then we conducted meta-regression to explore the effect £ (0=313)
. .. . 2
of these stratified factors on the association between frailty & Title and abstract excluded with
. . . . . . reasons (n=240)
and mortality risk. Besides, The publication bias was evaluated -Atticle irrelevant to the topic
. > |fuailty and COVID-19(n=240)
by funnel plot and calculation of the Egger test and the Begg
test (33). The sensitivity analysis was performed by excluding
. . 1L ticl luded with
included studies one by one. . 3 gy excluded vath
= L -Case(n=1)
£ Full text assessed for elgibalty ,Oi‘lslzl."lmg“ege» except English
Results = (0=73) and Chinese(n=1)
-Without clear definition(n=2)
[ -Not investigate the role of frailty|
Search results in the context of COVID-19
> | epidemic(n=3)
A total of 581 relevant articles were retrieved in public and ] Dot imulficiency(a11)
gray databases (Figure 1). 268 articles were further screened T Leterorcommentls)
. . . 9 -Cross-sectional studies(n=
after the removal of duplicates. According to the titles and 3 ot nvesigat e oucomes of
. . . S Tailty among -19(n=:
abstracts screening, 240 non-relative articles were removed, Includedm(ﬁnal;?nalysis
n=

73 potentially eligible studies for full-text screening remained
(Supplementary Table 1). Finally, sixteen studies were included
according to the predefined inclusion and exclusion criteria.
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Table 2
Risk of mortality in COVID-19 for frail patients compared with non-frail: stratified analysis with meta-regression

Stratified analysis No. Of studies cohort
Mean or median of age

Less than 80 8

More than 80 7

Frailty definition

Clinical Frailty Scale 10
Other frailty definitions 5
Adjustment method

Multivariate 7
Univariate 8

Participants source

Secondary care settings 2
Hospital s 13
Study quality

High quality 13
Moderate/low quality 2

Pooled RR(95%) Meta-regression P value
0435
2.52(2.32,2.74)
1.51(1.22,1.87)
0454
1.92(1.51,243)
1.63 (1.09,2.43)
0477
1.90 (1.41,2.58)
1.73 (1.28,2.34)
0.178
1.53 (141, 1.66)
1.85(1.49,2.30)
0.506

1.77 (1.42,2.20)
2.09 (150, 2.90)

Abbreviation: RR, risk ratio; CI, confidence interval

Included studies characteristics

The characteristics of the included studies with 4324 patients
were shown in Table 1, including fourteen retrospective cohort
studies (26, 27, 34-45) and two prospective cohort studies (46,
47). These studies were conducted in regions from America,
Europe and Asia. Thirteen studies included patients with a
mean or median of age of more than 65 year (26, 27, 34-37, 40,
41, 43-45). Fourteen studies were patients from the hospitals
(26, 34, 35, 37-47), one from long-term care (36), and another
from an acute medical unit (27). Six kind of measurement
tools of frailty were used in the included studies, with clinical
frailty score, frailty index, hospital frailty risk score, frail non-
disabled survey, FRAIL scale, and palliative performance scale
(Supplementary Table 2).

Quality assessment

The quality of included studies was assessed by Newcastle
Ottawa Scale (Supplementary Table 3). Of the sixteen cohort
studies, 13 studies had high quality (=7)[26, 27, 34, 37, 38,
40-47] and two studies achieved a max score of 9 (26, 46).

The association of frailty with clinical events among
patients with COVID-19

Frailty was reported to be significantly associated with
mortality risk among patients with COVID-19 in several
studies, and non-survivors had higher clinical frailty score
than survivors (21, 23, 26, 43, 48-50). In terms of the frailty
phenotype parameters, slow walk speed was demonstrated
associated with increased an risk of mortality (51). However,
Doglietto et al. reported that clinical frailty score was

comparable in severe and non-severe groups (52). However,
some studies suggested that frailty was not associated with
increased adverse outcomes (53). To resolve the contradictions,
we conducted a meta-analysis in eleven retrospective cohort
studies reporting the association between frailty and the risk
of all-cause mortality. As a result, frailty was significantly
associated with an increased risk of mortality, with pooled
risk ratios of 1.81 (95% confidence intervals:1.48,2.21,
12=87.0%, P<0.001) (Figure 2).We further explored the
association between frailty and mortality risk with frailty
assessed by clinical frailty score as a continuous variable. We
conducted a pooled analysis with four studies, demonstrated
clinical frailty score (per additional point) was significantly
associated with all-cause mortality, with pooled risk ratios of
1.74 (95% confidence intervals:1.40,2.18, 12=5%, P<0.001) (
Supplemental Figure 1).

For other clinical events, frailty was significantly associated
with an increased risk of COVID-19 severity with pooled risk
ratios of 7.47 (95% confidence intervals:1.73, 32.40, 12=-%,
P<0.001), admission to the intensive care unit with pooled risk
ratios of 1.80 (95% confidence intervals:1.19,2.71, 12=96.2%,
P=0.005), application of invasive mechanical ventilation with
pooled risk ratios of 1.57 (95% confidence intervals:1.21,2.03,
12=88.0%, P=0.003), long-length stay with pooled risk ratios of
1.22 (95% confidence intervals:1.07,1.40, 12=73.6%, P=0.003)
(Supplementary Table4).
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Figure 2
Association of frailty with all-cause mortality
among COVID-19

Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Burns GP 2020 12413 0.3449  4.7% 3.46 [1.76, 6.80] -
Chinnadurai R 2020 04187 0.042 10.2% 1.52[1.40, 1.65] "

Darren A 2020(a) 0.9478 0.0455 10.2% 2.58 [2.36, 2.82] =
Darren A 2020(b) 04121 06065  2.2% 1.51[0.46, 4.96] R
Darren A 2020(c) 0.802 0.3699 4.3% 2.23[1.08, 4.60] —
Fiorentino M 2020 06152 0.3294 4.9% 1.86 [0.97, 3.53] _'_
Hagg S 2020 0.7885 0.1657  8.1% 2.20[1.59, 3.04] -
Hewitt J 2020(a) 0.174 0.2707 5.9% 1.19[0.70, 2.02] T
Hewitt J 2020(b) 0.7561 0.2365 6.6% 2.13[1.34,3.39] -
Kundi H 2020(a) 05822 02392 6.6% 1.79[1.12, 2.86] —
Kundi H 2020(b) -0.0943 0.1562  8.3% 0.91[0.67, 1.24] -

Maguire D 2020 0.7178 0.0866  9.7% 2.05[1.73,2.43] -
Owen RK 2020 0 0.3239 5.0% 1.00 [0.53, 1.89] -1

Shi SH 2020 06043 0237 6.6% 1.83[1.15,2.91] —
Steinmeyer Z 2020 0.8713 02377 6.6% 2.39[1.50, 3.81] -
Total (95% Cl) 100.0% 1.81 [1.48, 2.21] +
Heterogeneity: Tau? = 0.10; Chi* = 108.72, df = 14 (P <0.00001); I* = 87% bot o o o

Test for overall effect: Z = 5.87 (P < 0.00001) Frail Non-frail

Stratified analyses of included studies and meta-regression

Stratified analysis was conducted to test the association
of frailty with all-cause mortality at different levels
(Supplementary Table 5 and Appendix Figure 3-7). According
to stratified analyses of age and patients source, frailty was
associated with mortality risk with pooled risk ratios of 1.51
(95% confidence intervals:1.22,1.87, 12=74.0%, P<0.001) for
age with mean or median of age of more than 80 year, 2.52
(95% confidence intervals:2.32,2.74, 12=0%, P<0.001) for age
with mean or median of age of less than 80 years, 1.85 (95%
confidence intervals:1.49,2.30, 12=80.0%, P<0.001) for patients
from hospitals, 1.53 (95% confidence intervals:1.41,1.66,
12=0%, P<0.001) for patients from secondary care settings.
Meanwhile, a decline in heterogeneity was observed in the
stratified analyses of age and patients source. On the other
hand, frailty was still considered as a useful tool for predicting
the mortality risk, with stratified analysis of the measurement
methods of frailty definition with the pooled risk ratios of 1.92
(95% confidence intervals:1.51,2.43, 12=89.0%, P<0.001) for
clinical frailty score; 1.63 (95% confidence intervals:1.09,2.43,
12=74%, P<0.001) for other frailty definitions; adjustment
method with pooled risk ratios of 1.90 (95% confidence
intervals:1.41,2.58, 12=92.0%, P<0.001) for multivariate, and
1.73 (95% confidence intervals:1.28,2.34, 12=76.0%, P<0.001)
for univariate; study quality with pooled risk ratios of 1.77
(95% confidence intervals:1.42,2.20, 12=89.0%, P<0.001)
for high quality; 2.09 (95% confidence intervals:1.50,2.90,
12=0%, P<0.001) for low-moderate quality. Furthermore, meta-
regression found these methodological characteristics did not
alter the association between frailty and all-cause mortality.

Sensitivity analysis and publication bias

In order to investigate the reliability and stability of the
association between frailty and all-cause mortality, we
performed sensitivity analysis by excluding the included studies
in our meta-analysis one by one, with the result that frailty was
still associated with an increased risk of all-cause mortality
(Supplementary Table 5). Publication bias was assessed by

funnel plot and calculation of the Egger test and the Begg
test. The value of Egger test and Begg test for the association
between frailty and all-cause mortality was 0.739 and 0.843,
respectively, which indicated no publication bias existed.

Discussion

To our knowledge, this study represents one of the earliest
meta-analysis that collected all evidence about the role of
frailty in patients with COVID-19, and the pooled analysis
demonstrated a high prevalence of frailty among patients
with COVID-19. Frailty was significantly associated with an
increased risk of adverse clinical outcomes, including all- cause
mortality, COVID-19 severity, admission to the intensive care
unit, application of invasive mechanical ventilation and long-
length stay.

As SARS-CoV-2 is now still spreading worldwide rapidly,
many countries paid great attention to medical research about
COVID-19, while there is a still a lack of effective drugs to
control the diseases (54). However, it is worth mentioning
that understanding the prognosis of the disease and scientific
management may benefit COVID-19 patients more (55).

Frailty is characterized by increasing vulnerability to stress
due to the decline of physiologic reserve in immune, metabolic
and neuromuscular systems (56). SARS-COV-2 enters into
the body through binding the host cell surface ACE2 receptor
bind (57). Meanwhile, ACE2 is ubiquitously expressed in
extensive cell types in multiple organs, including lung, heart,
kidney and intestine (58-60). Previous studies demonstrated that
COVID-19 patients exhibited severe organ-injuries with 14.0%
respiratory distress syndrome, 15.0% cardiac injury, 15.7%
hepatic injury, and 13.7% renal injury (60-62). Therefore,
patients with COVID-19 may tend to be frail, especially old
people. Woolford et al reported COVID-19 positive patients
increased 1.4-fold risk of frailty (51).

Through the centralized collection and comprehensive
analysis of existing research data, we also demonstrated
that frailty could increase the risk of death by 1.81 times in
this sudden epidemic, which indicated frailty measurement
was an effective tool for identifying the high risk of death
among patients infected SARS-COV-2. Meanwhile, frailty
assessment in the hospital is a concise and low-cost way to
screen and identify a group of patients who were at greater
risk of adverse outcomes (63). On the other hand, plder people
had a high percentage of death among patients with COVID-19
patients due to multiple organ dysfunction (64-66), Therefore,
identification frail older people who were more likely to have
adverse clinical outcomes and paying more intensive care for
them would contribute to increased survival and recovery rates.

Frail patients were more likely to present with other chronic
diseases, potentially increasing COVID-19 mortality rate. Guan
et al demonstrated patients with COPD (2.68-fold), diabetes
(1.59-fold), hypertension (1.58-fold) and malignancy (3.50-
fold) were more likely to reach adverse clinical outcomes
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than those without comorbidity (67). Meanwhile, patients
with at least one comorbidity and those with two or more
comorbidities increased 1.79-fold and 2.59-fold risk of
composite end-point, respectively (67). Patients with frailty
were found to have unbalance in inflammation and immune
regulation, such as increased pro-inflammatory bio-markers
and peripheral white blood cells (68, 69). A meta-analysis of 35
studies demonstrated that frailty and pre-frailty were associated
with higher inflammatory parameters, especially C-reactive
protein and Interleukin-6 (70). Thus, SARS-CoV-2 might
exacerbate the status of inflammation and immune of frail
patients, even contributed to forming a cytokines storm, which
greatly increased the risk of mortality.

Indeed, previous studies had demonstrated that frailty was
associated with an increased risk of falls, disease progression,
intensive care unit admission and all-cause mortality (71). For
instance, Muscedere et al investigated the impact of frailty in
the intensive care unit with the result that the prevalence of
frailty was 30%, and frailty was associated with high hospital
mortality risk (11). In addition, the International Conference
of Frailty and Sarcopenia Research (Iclinical frailty scoreR)
recommended screening frailty in the older people by implying
a validated setting-specific tools. For individuals who is
screened positive for frailty, more comprehensive assessments
and interventions would be performed to improve the prognosis
of frail patients (52). The latest research, which did not do
the quantitative analysis, pointed out that frailty may have
contributed to the vulnerability of the older people to more
severe clinical presentation during the COVID-19 pandemic,
the use of frailty assessment to make the next decision had been
recommended clinically (53). Therefore, it is rational to use
frailty measurement tools during the pandemic of COVID-19,
which could be help make decision.

However, there were contradictory results reported in several
studies. Knopp et al. And Miles et al.reported that increased
clinical frailty score was not related to the mortality in older
patients with COVID (28, 47), while the reliability of the results
was limited to its sample source and inadequate adjusting
confounds. In addition, Doglietto et al demonstrated that the
clinical frailty score score in severe patients with COVID-19
was higher compared with patines who had mild symptoms,
although the difference was not significant (72). Nevertheless,
the results may be limited by the small sample size in the
both mild and severe groups. Rhiannon KO et al. confirmed
that illness severity and comorbidities, but not frailty slightly
increased the risk of dying from COVID-19. However, it had to
be mentioned that uneven local service configuration may be an
essential factor leading to the results (41).

Limitations

There were still several limitations. First, the studies
included in the final analysis were retrospective observational
studies, which could not provide higher strength of evidence
than prospective cohort studies. Second, in order to perform

a meta-analysis, we converted odds ratios into risk ratios due
to differences in association measures and heterogeneity of
study designs, leading to inflated risk estimates. Moreover,
we conducted a pooled analysis combining crude and adjusted
risk ratio estimates, which was still controversial. Third, there
were few studies included to analyze the association between
frailty and clinical outcomes, except all-cause mortality, which
might weaken the reliability of pooled analysis in our study.
Fourth, the existence of heterogeneity in the meta-analysis for
association between frailty and all-cause mortality. Fortunately,
the result of pooled analysis was not changed in the subsequent
stratified analysis and sensitivity analysis. Nevertheless, we
observed a decline in heterogeneity in stratified analyses
with age and patients source. Meanwhile these factors was
no identified in meta-regression, which may be explained
by lacking statistical power in meta-regression (73). Above
all, the result needed to be validated in further well-designed
prospective cohort studies.

Conclusion

This systematic review and meta-analysis demonstrated
frailty was significantly associated with an increased risk
of clinical adverse events (all- cause mortality, COVID-19
severity, admission to the intensive care unit, application of
invasive mechanical ventilation, long-length stay). Given the
epidemic of COVID-19 and shortage of medical resources,
paying more attention to screen frailty would contribute to
disease management and resource allocation among patients
with COVID-19.
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