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Background. Frailty was believed to reflect patients’ prognosis better than age, but studies regarding the association
between these factors are controversial. Moreover, studies highlighting the association of gender to mortality risk in frail patients are
limited.

Objectives. We aimed to investigate the association of frailty to mortality risk with the dose-response relationship of CFS and the as-
sociation of gender to mortality risk in frail elderly with COVID-19.

Material and methods. We performed a comprehensive literature search from several databases, such as EuropePMC, PubMed and
DOAJ on 9 July 2021. We searched for studies investigating the association between frailty and mortality in COVID-19 patient.
Results. A total of 16,438 patients from 15 studies were included. Frailty was found in 52.67% of the patients. The lowest mean age
was 65.4 + 15.8 years. Pre-frailty (OR 2.07 [1.53-2.79]; p < 0.00001; /*: 72%), mild frailty (OR 2.24 [1.48-3.38]; p = 0.00001; /*: 80%),
moderate frailty (OR 2.55 [1.75-3.71]; p < 0.00001; /?: 79%) and severe frailty (OR 3.57 [2.35-5.43]; p < 0.00001; /*: 83%) increase the
mortality risk in elderly with COVID-19. Each 1-point increase in CFS increases the mortality risk by 1.4 [1.3-1.5]; p = 0.000; /*: 98.6%.
Men had a lower risk of frailty (OR 0.58 [0.43-0.78]; p = 0.0004; I>=36%) but higher mortality risk.

Conclusions. This meta-analysis showed that pre-frailty and frailty increase the mortality risk in elderly with COVID-19. Each 1-point

increase in CFS increased the mortality risk by 1.4. Men had a lower risk of frailty but higher mortality risk.
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Background

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) was first found at the end of 2019 and has been spreading
worldwide causing a pandemic [1]. This can cause non-specific
symptoms, such as cough, fever, diarrhoea or arthro-myalgia.
The disease might then evolve into pneumonia and progress to
acute respiratory distress syndrome (ARDS), multi-organ failure
and eventually death [2].

The mortality in patients with Corona Virus Disease-19
(COVID-19) has been shown to rise exponentially with age [1].
Patients older than 65 years had a higher prevalence of comor-
bidities, more severe symptoms and were more likely to devel-
op multi-organ failure and die [3]. As the pandemic progressed,
studies showed that age did not count for the enormous het-
erogeneity of the older population and was not reliable enough
to make medical decisions in managing COVID-19. Therefore,
a more comprehensive approach to act as a predictor for mor-
tality is necessary [4].

One of the predictors proposed for predicting mortality in
COVID-19 patients was frailty. Frailty is defined as a medical
syndrome with multiple causes and contributors characterised
by diminished strength and endurance and reduced physiologic
function that increases an individual’s vulnerability for develop-
ing increased dependency and/or death [5]. The elderly are often
associated with frailty because of their increased vulnerability to

stressors and dysregulated immune function [2]. Frailty is more
prevalent in the elderly, but it can also affect the middle-aged
population [6]. The global prevalence of frailty is not yet known,
predominantly due to the fact that studies have only been car-
ried out in high-income countries [7]. Collard et al. found that in
community-dwelling elderly, the prevalence of frailty was 10.7%.
This increased with age and was higher in women [8]. Kojima et
al. studied 1,373 nursing home residents and found that 52.3%
of the subjects were frail, and 40.2% were pre-frail [9].

Frailty is often measured by the Clinical Frailty Scale (CFS)
[10]. Several study found a significant association between frail-
ty and mortality to support its use as a mortality predictor [4,
11, 12]. However, other studies found otherwise [13, 14]. In the
general population, frailty and mortality risk were highly influ-
enced by gender, as men and women are different in terms of
type of comorbidities, self-awareness of disability and biologi-
cally (e.g. hormones) [15]. Studies regarding the differences of
mortality risk on frail COVID-19 patients based on gender are
scarce but are often needed by a clinician to make decision in
daily clinical practice.

Objectives

Given that frailty is prevalent in elderly patients, especially
with COVID-19, and could be associated with a higher risk of
complications, severe manifestation and death, we believe
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studies regarding its effect on mortality are highly beneficial.
Moreover, studies highlighting gender to mortality risk in frail
COVID-19 patients are still limited. Therefore, studies regarding
this matter are still very much needed. We aimed to investigate
the association of frailty to mortality risk and the dose-response
relationship of CFS in elderly with COVID-19 as reported in avail-
able literature. We would further group patients into five frail
groups (fit, pre-frail, mild frail, moderate frail, severe frail). We
also investigated the association of gender to mortality risk in
frail elderly with COVID-19.

Material and methods

Eligibility criteria

We included all research articles analysing the prevalence
of frailty or the association of frailty with mortality risk in older
adults with COVID-19. We excluded non-research articles (e.g.
case reports or series, review articles, letters to editors, study
protocols, editorials or commentaries), studies with insufficient
data, non-English articles and those not using CFS as an assess-
ment tool for frailty.

Search strategy and study selection

This meta-analysis was carried out according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement [16]. We systematically searched
Pubmed, Europe PMC and the Directory of Open Access Journal
(DOAJ) with the following search terms: ("Coronavirus Disease
2019” OR “COVID-19” OR ”novel coronavirus pneumonia” OR
“2019-nCoV” OR “SARS-CoV-2”) AND (“frailty” OR “frail”) AND
(“ARDS” OR “critically ill COVID-19” OR “Mortality” OR "out-
come” OR “ICU”) on 9 July 2021. The search results were not
limited to date. Duplicate results were initially removed. Au-
thors independently screened remaining articles for relevance
by their abstracts. These articles were thoroughly read, and
those that fulfilled our criteria were included in the study. The
final inclusion of studies was based on the agreements of all
authors. Any disagreement was resolved by consensus. The full
text of residual articles was assessed according to the inclusion
and exclusion criteria.

Data extraction

Data extraction was performed independently by the au-
thors using standardised forms that included author, year of
study, study design, country of study, gender, location of study,
number of frail patients, number of samples, age and outcome.
The outcomes of the studies were 14-day mortality, 28-day mor-
tality, 30-day mortality, 60-day mortality, 90-day mortality and
in-hospital mortality. The quality of observational cohort studies
was assessed using the Newcastle-Ottawa quality assessment
scale (NOS). The quality of studies was defined as poor (score
0-3), fair (score 4-6) or high (score 7-9) [17].

Definition of frailty

Frailty is defined as an age-related clinical condition, typi-
cally with deterioration in the physiological capacity of several
organ systems characterised by an increased susceptibility to
sudden, disproportionate functional decline following stressor
events [18]. Frailty was assessed with CFS. The clinical frailty
scale scores ranging from 1 to 9 based on clinical judgement. We
further classified frailness in COVID-19 patients into five groups
as presented in Table 1: CFS 1-3 was labelled as fit, CFS 4 was
labelled as pre-frail, CFS 5 was labelled as mild frail, CFS 6 was
labelled as moderate frail, and CFS 7-9 was labelled as severe
frail [4, 19]. More than five point in the CFS score was labelled
as frail.

Statistical analysis

To perform a meta-analysis, Review Manager 5.4.1 (Copen-
hagen: The Cochrane Collaboration, 2020) and Stata version 16
(StataCorp LP, Texas 77845, USA) were used. The effects of frailty
to mortality in COVID-19 patients were presented as Odds Ratio
(OR). Dichotomous variables were calculated using the Mantel-
Haenszel formula. The OR was reported with a 95% Confidence
Interval (Cl) for dichotomous variables. The p-value was two-
tailed, and statistical significance was set at < 0.05.

Heterogeneity was assessed with the Q-statistic test and I
test. The I statistic measured the percentage of total variation
across the studies due to clinical or methodological heterogene-
ity instead of chance. If significant Q statistics (p < 0.1) indicated
heterogeneity across the studies, a random-effect model was
utilised. Otherwise, a fixed-effect model was utilised. Substan-
tial heterogeneity was represented by /* for > 50% [20]. We anal-
ysed the effect of pre-frailty, mild frailty, moderate frailty, severe
frailty and frailty to mortality in COVID-19 patients. A dose-re-
sponse analysis was then performed to generate OR per 1-unit
increment of CFS.

To assess the small-study effect and publication bias, we
performed the regression-based Egger test. We also performed
a qualitative assessment for publication bias by using funnel plot
analysis, and an asymmetrical shape indicated publication bias.

Results

Baseline characteristics and study selection

A total of 16,438 patients from 15 studies were included in
qualitative and quantitative synthesis (meta-analysis) (Figure 1)
[1, 2, 4, 5, 10-13, 21-27]. The study characteristics of the in-
cluded studies are presented in Table 1. All of the studies were
cohort studies, with 46.67% of the studies being retrospective
cohort studies. Most of the countries were located in Europe,
with one study from Brazil. Most of the study patients were
male. All of the patients were hospitalised. Frailty was found in
52.67% of the patients. The lowest mean age was 65.4 + 15.8
years of age [24].

[ Identification of studies via databases and registers ]
= Records identified from
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g {n = 350): screening:
= e Pubmed: 294 > .
b= Duplicate records removed
S e europePMC:0 (n=50)
= e DOAJ:56
Records screened Records excluded
(n =300) (n=252)
Reports sought for retrieval | Reports not retrieved
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0
o
; !
w
Reports assessed for eligibility »| Reports excluded:
(n =48) e Not using CFS (n = 10)
e Different outcome (n =2)
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e  Study protocol (n=1)
e Insufficient data (n = 10)
°
§ Studies included in review
TE (n=15)

Figure 1. Prisma study flow diagram
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Table 1. Demographic and clinical characteristics of included studies

Author Design Country Male (%) Setting  Frailty Sample Age (year) Outcome
(%) (n)
Aliberti 2021 PCS Brazil 58 Hospital |27 1,830 66 30-days mortality | 7 (good)
Andrés-Esteban PCS Spain 61.02 Hospital | 17.32 254 > 65 In-hospital mor- | 8 (good)
2021 tality
Aw 2020 PCS UK 54 Hospital | 70.7 677 81.1+8.1 |In-hospital mor- | 8 (good)
tality
Bavaro 2020 RCS Italy 48 Hospital | N/A 206 80 (72-86) | In-hospital mor- | 6 (fair)
tality
Blomaard 2021 RCS Netherlands 60.4 Hospital | N/A 1,376 76 (74-84) | In-hospital mor- | 6 (fair)
tality
Chinnadurai 2021 | PCS UK 61.9 Hospital |51.2 215 71 (60-82) | In-hospital mor- | 7 (good)
tality
Dres 2021 PCS France, Switzer- |73 Hospital |49.33 1,199 74 (72-78) | 90-day mortality | 7 (good)
land and Belgium
Hewitt 2020 PCS UK and Italy 58 Hospital |51.25 1564 74 (64-83) | In-hospital mor- | 8 (good)
tality
Mendes 2020 RCS Switzerland 43 Hospital | 78.72 235 86+6.5 In-hospital mor- | 6 (fair)
tality
Neradova 2021 RCS UK 57.5 Hospital | 58.62 174 65.4 £ 15.8 | 28-day mortality | 7 (good)
Osuafor 2021 RCS UK 56.07 Hospital | 66.4 214 80 (75-87) | In-hospital mor- | 6 (fair)
tality until 14-day
mortality
Owen 2021 RCS UK 54 Hospital | 53.3 206 78.8+8.3 | In-hospital mor- | 6 (fair)
tality
Sablerolles 2021 | RCS 11 countries in 61 Hospital | 28.38 2434 68 (55-77) | In-hospital mor- | 7 (good)
Europe tality
Tehrani 2021 PCS Sweden N/A Hospital |30 143 66 +17 60-day mortality | 8 (good)
Welch 2021 PCS 12 countries in 55.2 Hospital | 54.12 5,711 74 In-hospital mor- | 8 (good)
Europe tality

PCS — prospective cohort study, RCS — retrospective cohort study, N/A — not available, NOS — Newcastle Ottawa Scale.

Frailty and mortality 1> : 72%; p = 0.0009) (Figure 3). Mild frailty increased the mor-
tality risk in elderly with COVID-19 (OR 2.24 [1.48-3.38]; p =
Frailty was observed in 52.67% of elderly patients with  0.00001;  : 80%; p = 0.0001)) (Figure 4). Moderate frailty in-
COVID-19. Frailty increases mortality risk in elderly with  creased the mortality risk in elderly with COVID-19 (OR 2.55
COVID-19 (OR 2.50 [1.10-5.69]; p = 0.03; I*: 98%; p < 0.00001) [1.75-3.71]; p < 0.00001; /? : 79%; p = 0.0007) (Figure 5). Severe
(Figure 2). frailty increased the mortality risk in elderly with COVID-19 (OR
We further analysed the association between different  3.57 [2.35-5.43]; p < 0.00001; /*> : 83%; p < 0.0001) (Figure 6).
groups of frailty to mortality. Pre-frailty increase the mortality ~ Based on our analysis, the ORs for mortality risk in each frailty
risk in elderly with COVID-19 (OR 2.07 [1.53-2.79]; p <0.00001;  groups increased as CFS increased (Table 2).
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Figure 2. Forest plot and OR for the association of frailty and mortality in elderly with COVID-19 g
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Figure 3. Forest plot and OR for the association of pre-frailty and mortality in elderly with COVID-19

CFS5 CF51-3 Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
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Figure 4. Forest plot and OR for the association of mild frailty and mortality in elderly with COVID-19
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Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
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Figure 5. Forest plot and OR for the association of moderate frailty and mortality in elderly with COVID-19

CFST7-9 CF51-3 Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Aliberti 2021 80 139 297 1042 20.0% 3.40[2.37, 4.89] i
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Figure 6. Forest plot and OR for the association of severe frailty and mortality in elderly with COVID-19 patients

Table 2. OR for the association of frailty groups and mortality in elderly with COVID-19

Frailty groups CFS (0] 95% CI
Fit 1-3 Reference - -
Pre-frailty 4 2.07 1.53,2.79 < 0.00001
Frailty >4 2.50 1.10, 5.69 0.03
mild frailty 5 2.24 1.48,3.38 0.00001
moderate frailty 6 2.55 1.75,3.71 0.00001
severe frailty 7-9 3.57 2.35,5.43 0.00001

OR - odds ratio, Cl — confidence interval.
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Men Women Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Fixed, 95% Cl M-H, Fixed, 95% Cl
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Figure 7. Forest plot and OR for the association of gender and frailty in elderly with COVID-19 patients
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Figure 8. Funnel-plot analysis for publication bias; A. Funnel plot of frailty and mor-
o Jr tality, B. Funnel plot of pre-frailty and mortality, C. Funnel plot of mild frailty and
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Dose-response analysis

Eleven studies were included in the dose-response analysis (4,
5, 10-13, 21, 24-27). Each 1-point increase in CFS was associated
with increased mortality risk by 1.4 [1.3—1.5]; p = 0.000; /*: 98.6%.

Gender

Men had a lower risk of frailty compared to women (OR 0.58
[0.43-0.78]; p = 0.0004; *=36%; p = 0.21) (Figure 7). Owen et al.
analysed the difference in mortality between frail COVID-19 male
patients and frail COVID-19 female patients. The mortality rate
was higher in men compared to women in all frail groups [11].

Comorbidities, clinical symptoms and complication

One study stated that most comorbidities (hypertension,
chronic obstructive pulmonary disease (COPD), malignant neo-
plasm, diabetes mellitus, dementia and mental disorder) have
a similar distribution among fit and frail COVID-19 patients, ex-
cept for heart disease (18.75% vs 40.91%; p = 0.001), chronic
bronchitis (6.82% vs 22.73%; p = 0.007), chronic kidney disease
(CKD) (7.95% vs 20.45%; p = 0.017) and dementia (0.57% vs
34.09%; p < 0.001). Upon arrival to the emergency room, altered
behaviour was more common in frail patients than fit patients,
31.82% vs 11.93% (p < 0.001), respectively. Altered conscious-

ness was more common frail patients than fit patients, 15.91%
vs 3.41% (p < 0.001), respectively. Delirium was more common
in frail COVID-19 patients compared to fit patients (8.52% vs
43.18%; p < 0.001) [5].

Publication bias

The funnel-plot analyses were done to assess publication
bias in the included studies. The funnel-plot analysis showed an
asymmetrical shape for all outcomes (Figure 8A, B, C, D, E), in-
dicating possible publication bias. We further analysed publica-
tion bias with the regression-based Egger test. The regression-
based Egger test showed indication of small-study effects only
for moderate frail group (p = 0.000).

Discussion

We included 16,438 patients from 15 studies in the analy-
sis and found that frailty was prevalent in COVID-19 patients.
SARS-CoV-2 enters the body through the Angiotensin Convert-
ing Enzyme 2 (ACE2) receptor. This receptor was expressed
in extensive cell types in multiple organs, therefore exhibited
multiple organ injuries and showed higher rate of frailty [28].
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Studies have stated that frail patients were more likely to pres-
ent with other chronic disease, such as heart disease, CKD and
dementia [5, 28]. These comorbidities contribute to a higher
risk of frailty and predictors for severe disease [29]. Although
often overlapping and acting as confounding factors, disabil-
ity and comorbidities are do not always accompany by frailty.
The main features of frailty are decreased functional reserve,
impairment or dysregulation in multiple physiological systems,
as well as a reduced ability to regain physiological homeostasis
after a stressful and destabilising event. It is important in clinical
practice to emphasise that not all disabled persons are frail and
not all comorbidities are accompanied with frailty [30].

We found that frailty increases the mortality risk in el-
derly with COVID-19 (OR 2.50 [1.10-5.69]; p = 0.03; I*: 98%;
p < 0.00001). Compared to the fit group, pre-frailty (OR 2.07
[1.53- 2.79]; p < 0.00001), mild frailty (OR 2.24 [1.48-3.38];
p = 0.00001), moderate frailty (OR 2.55 [1.75—- 3.71]; p <
0.00001) and severe frailty (OR 3.57 [2.35-5.43]; p < 0.00001)
increase mortality risk. Most studies have shown similar results
[1, 11, 21]. Inflammation contributes to higher mortality in frail
COVID-19 patients. A meta-analysis demonstrated that pre-
frailty and frailty were associated with higher inflammatory
parameters. Thus, SARS-CoV-2 infection will further exacerbate
inflammation state, therefore contributing in forming a cytokine
storm, which increases mortality risk [31]. Frailty is associated
with a more severe course of some diseases and predisposes
patients to the development of additional health problems. In
diabetic patients, frailty may lower the effect of reperfusion
treatment of chronic limb ischemia [32]. Frailty is also associ-
ated with an increased risk of falls, disease progression and ICU
admission [18]. It is also associated with loneliness, lower qual-
ity of life, depression, cognitive decline, dementia, hospitalisa-
tion and nursing home admission [7].

We found that each 1-point increase in CFS was associated
with increased mortality risk by 1.4 [1.3, 1.5]; p = 0.000. Maren-
goni et al. found that CFS had an OR of 1.356 [1.145-1.606];
p <0.001). In all patients, CFS was a predictor for mortality with
OR 1.2 [1.05-1.62], but in the population more than 70 years
old, CFS had higher OR (1.29 [1.03-1.62]) [33]. The association
of CFS and mortality is a linear relationship [34]. This provides
an insight for clinicians to further highlight the importance of
a CFS increase in managing COVID-patients.

The lowest mean age of those included in the studies was
65.4 + 15.8 years [24]. Frailty is an age-related clinical condi-
tion; therefore, age increases the risk of frailty [18]. Aliberti et
al. found that frail non-elderly COVID-19 patients tend to have
a higher 6-month mortality risk than the elderly. This shows that
the prognosis of the older population depends on biological age
rather than chronological age itself [4]. It is suggested to use
CFS in patients older than 65 years, [35] but studies in the > 18
year-old population shows that frailty assessed with CFS was also
associated with mortality [22, 27]. It showed that CFS could be
used in wider population. The COVID Medication (COMET) Study
is a retrospective observational cohort in 63 hospitals in 11 coun-
tries for COVID-19 patients. This study stated that CFS is a good
mortality predictor for COVID-19 [10]. Other frailty scores, such
as the Hospital Frailty Risk Score (HFRS), were used by Hagg et
al., but it failed to show a significant association with mortality
[36]. Ramos-Rincon et al. compared CFS with HFRS and stated
that CFS was more associated with mortality in patients aged >
18 years [37].

In COVID-19, men had a lower risk of frailty compared to
women but had a higher mortality rate [11]. Studies compar-
ing frailty between men and women in COVID-19 patients are
still limited, but meta-analysis in the general population showed
that women had a higher frailty score than men but tolerated
this frailty better, as demonstrated by a lower mortality rate
in frail women compared to men. Both men and women both

acquired comorbidities with age, but women usually acquired
more deficits overall and had a higher prevalence of non-lethal
diseases that negatively impact function and quality of life,
hence the higher frailty rate in women [15].

Gender hormones contributed to the severity and mortal-
ity of COVID-19. Oestrogen has the ability to modulate RAAS.
In RAAS, renin will convert angiotensinogen to angiotensin I.
Angiotensin | will be converted to Angiotensin Il by ACE. Angio-
tensin Il binds to the Angiotensin 1-Receptor (AT1-R). Activation
of AT1-R causes vasoconstriction, sodium retention and oxida-
tive stress. Oestrogen downregulates renin and the Angiotensin
1-Receptor (AT1-R). Another role of oestrogen is to upregulate
ACE2 expression levels. Angiotensin Converting Enzyme 2 con-
verts angiotensin |l to vasodilatory angiotensin 1-7. Oestrogen
upregulates ACE2 expression levels, therefore leading to more
vasodilatation. The second protein necessary for SARS-CoV-2 to
enter into the cells is cell-surface serine protease (Transmem-
brane Protease Serine 2 (TMPRSS2)). Testosterone increase ac-
tivation of TMPRSS2. At the cell membrane, this protein facili-
tated viral entry and spread [38].

Upon arrival to the emergency room, an altered level of
consciousness is common in frail COVID-19 patients compared
to fit patients. In line with our findings, Lithander et al. stated
that delirium is one of the clinical manifestation in older patients
with COVID-19 [39]. This happened due to the high prevalence of
dementia in older patient [40]. Andrés-Esteban et al. stated that
dementia occurred in 34.09% of frail COVID-19 patients (com-
pared to 0.57% in fit patients; p < 0.001) [5]. Saudi et al. stated
that 85.69% of frail elderly patients had cognitive impairment
[41]. Cognitive decline was associated with mortality in older
COVID-19 patients. Cognitive decline is likely to be associated
with poorer outcomes because of underlying frailty, less compli-
ance with safety measures and treatments and risk of delirium.
Another explanation is that patients with dementia more often
have had advance care planning with higher therapeutic restric-
tion codes and that patients with cognitive decline are less of-
ten transferred to the Intensive Care Unit (ICU) [42]. Therefore,
in managing patients with dementia and delirium, the clinician
should further emphasise the need for assessing frailty.

Managing frailty could be done in home and community
settings and through hospital care. It consist of physical activity
programmes (resistance-based training, aerobic training or bal-
ance and coordination training), nutritional interventions and
cognitive training [18, 43]. Combined multidisciplinary treat-
ment is better than sole interventions [43]. Published studies
regarding pharmacological intervention for management of
frailty are scarce [18].

Limitations of the study

There are some limitations in this meta-analysis. First, some
of studies are retrospective observational cohorts, which provide
weaker strength of evidence than prospective cohort studies.
Second, heterogeneity was high in our study. This may occur due
to a significant variation of sample sizes and frailty prevalence.

Conclusions

This meta-analysis showed that pre-frailty and frailty in-
creased the mortality risk in elderly with COVID-19. Every
1-point increase in CFS increased the mortality risk by 1.4. Men
had a lower risk of frailty but higher mortality risk.
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