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ABSTRACT

Background The Clinical Frailty Scale (CFS) is
increasingly used for clinical decision making in acute care
but little is known about frailty after COVID-19.

Objectives To investigate frailty and the CFS for post-
COVID-19 follow-up.

Methods This prospective multicentre cohort study
included COVID-19 survivors aged >50 years presenting
for a follow-up visit >3 months after the acute iliness. Nine
centres retrospectively collected pre-COVID-19 CFS and
prospectively CFS at follow-up. Three centres completed
the Frailty Index (Fl), the short physical performance
battery (SPPB), 30 s sit-to-stand test and handgrip strength
measurements. Mixed effect logistic regression models
accounting for repeated measurements and potential
confounders were used to investigate factors associated
with post-COVID-19 CFS. Criterion and construct

validity were determined by correlating the CFS to other
concurrently assessed frailty measurements and measures
of respiratory impairment, respectively.

Results Of the 288 participants 65% were men, mean
(SD) age was 65.1 (9) years. Median (IQR) CFS at follow-
up was 3 (2-3), 21% were vulnerable or frail (CFS >4).
The CFS was responsive to change, correlated with the Fl
(r=0.69, p<0.001), the SPPB score (r=—0.48, p<0.001)
(criterion validity) and with the St George’s Respiratory
Questionnaire score (r=0.59, p<0.001), forced vital
capacity %-predicted (r=—0.25, p<0.001), 6 min walk
distance (r=—0.39, p<0.001) and modified Medical
Research Council (mMRC) (r=0.59, p<0.001). Dyspnoea
was significantly associated with a higher odds for
vulnerability/frailty (per one mMRC adjusted OR 2.01 (95%
Cl 1.13 to 3.58), p=0.02).

Conclusions The CFS significantly increases with
COVID-19, and dyspnoea is an important risk factor for
post-COVID-19 frailty and should be addressed thoroughly.

INTRODUCTION

The pandemic caused by SARS CoV-2 is still
the most critical ongoing global healthcare
challenge. COVID-19 poses a risk for severe
disease, hospitalisation and death particularly
for older adults and individuals with chronic
diseases.' * In addition to the acute threat of
COVID-19, evidence on residual symptoms,

Key messagegs

What is already known on this topic

» Frailty increases the risk for adverse health out-
comes and the Clinical Frailty Scale (CFS) is used to
allocate heathcare resources in COVID-19, however
determinants of post-COVID-19 frailty are unknown.

What this study adds

» The CFS is a valid and responsive tool to assess
post-COVID-19 frailty, and dyspnoea is the most im-
portant driver of post-COVID-19 frailty.

How this study might affect research, practice

and/or policy

» This study supports the implementation of the easy
to administer CFS for post-COVID-19 care, and
hopefully increases awareness for frailty in the post-
COVID-19 setting.

impairment of pulmonary and physical
function several months after COVID-19 is
ernos:rging.34

Frailty reflects a persons’ functional age,
which correlates with the propensity for
adverse health outcomes when faced with
an acute stressor.” In the general popula-
tion and in patients with chronic diseases,
frailty is associated with poor quality of life
and an increased risk for frequent hospital-
isations and early mortality.”® Several tools
for the assessment of frailty are available but
no consensus exists on an established refer-
ence standard for clinical practice.” The Clin-
ical Frailty Scale (CFS) has been discussed
as a potential tool to allocate healthcare
resources, and has been integrated in deci-
sion trees, for example, for intensive care
admission in older patients with COVID-19."
The CFS predicts in-hospital mortality in
patients of all ages with COVID-19,"" '* and
specifically in older adults the CFS was asso-
ciated with 30-day mortality independent of
age, sex, social deprivation and ethnicity.13
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While previous studies have established the role of the
CFS to estimate short-term outcomes of acute COVID-
19, the CFS has not been validated for post-COVID-19
follow-up yet.

We aimed to investigate the impact of COVID-19 on
frailty, identify determinants of post-COVID-19 frailty
and assess validity of the CFS in a prospective observa-
tional cohort of COVID-19 survivors presenting for
follow-up >3 months after acute COVID-19.

METHODS

Study design and participants

The national, multicentre, observational Swiss COVID-19
lung study is a prospective cohort study that includes
adults who survived acute COVID-19 and presented with
residual symptoms for follow-up assessments 3, 6 and 12
months after first COVID-19 symptoms. For practical
reasons, it was not possible to adhere precisely to the
follow-up schedule, and participants presenting for their
first follow-up visit later than 3 months were still allowed
to participate. Given the recruitment pattern of the study,
more participants were hospitalised for COVID-19 and a
smaller proportion were treated as outpatients. Details
on the study have been published previously.3 For the
current study, participants aged 250 years were included.
The CFS was collected in all nine participating centres,
while three centres recruited patients for a more exten-
sive frailty assessment, which included the cumulative
Frailty Index (FI) and the short physical performance
battery (SPPB).

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Measurements

Clinical Frailty Scale

The CFS has been developed in geriatric medicine to
estimate prognosis and to set care goals by summarising
overall fitness or frailty. The 9-point scale ranges from 1
(very fit) to 4 (vulnerable/living with very mild frailty)
to 9 (terminally ill)."* Physicians or nurses allocated
CFS scores based on the clinical routine interviews with
patients and caregivers using clinical judgement.'” '°
Participants and their caregivers were asked about the
participant’s activity and ability to function and move
independently before COVID-19, and at the time of
follow-up. Even though the concept of frailty and the CFS
originate from geriatric medicine and the CFS is most
frequently applied in the old and very old population,
the importance of frailty is increasingly recognised in
middle-aged adults suffering from chronic diseases that
can accelerate functional ageing.’ '®'” The CFS has been
previously validated for retrospective use in the context
of older hospitalised patients."®

Frailty Index

The cumulative FI is a 40-item index assessing the pres-
ence or absence of 40 deficits related to independence
and self-care or comorbidities. The FI is calculated as the
proportion of items present divided by the total number
of assessed items, expressed as a continuous variable
between 0 and 1. An FI >0.21 denominates frail, 0.1-0.21
prefrail.8 ' The FI has been widely studied in the general
elderly population, with a good prognostic validity in
patients with age-related chronic lung diseases.’

Short physical performance battery

Physical frailty was assessed by the SPPB, which is a three-
component test battery of lower extremity performance.
Usual gait speed is assessed measuring the time needed to
walk 4 m, lower extremity strength by the time needed to
complete 5-repetition sit-to-stand (5R STS) and balance
is tested in side-by-side, in semi-tandem and in tandem
stand. A score from 0 to 4 is allocated to each measure-
ment to a total score ranging from 0 to 12. A lower SPPB
score signifies more severe physical frailty. An individual
with SPPB <7 is considered physically frail, SPPB 8-9
signifies prefrailty and individuals with SPPB >10 are
not physically frail. The SPPB is a widely accepted frailty
assessment tool.”’

Other measurements

Additional features of physical frailty were assessed by
the 30 s sit-to stand test (30 s STS) and the measure-
ment of handgrip strength. Furthermore, participants
completed the St George’s Respiratory Questionnaire
(SGRQ), the Fatigue Severity Scale (FSS), the Medical
Research Council (mMRC) dyspnoea scale and a cough
visual analogue scale (VAS). Further details are provided
in the online supplemental material. Pulmonary func-
tional tests, measurement of carbon monoxide diffusing
capacity (DLCO) and 6 min walk tests were performed
using established protocols.**

Assessment of validity

Theability of the CFS torespond toaspecific health change
was established by comparing CFS before COVID-19 and
at the time of post-COVID-19 follow-up. Previously, the
threshold for an observable change in health status has
been estimated at 0.03 for the FI and at one-point for
the CFS, respectively,”” however differences are more
likely clinically significant for the distinction between fit
(CFS <4) and vulnerable or frail (CFS >4) individuals.”®
Criterion validity refers to the extent to which the CFS
agrees with other measures of frailty. This was deter-
mined by correlating the CFS with other concurrently
assessed frailty measurements (FI, SPPB total score, 4 m
gait speed, bR STS test, 30 s STS and handgrip strength).
Construct validity reflects the expected behaviour of the
CFS in context of other patient characteristics. Conver-
gent validity was determined by correlating the CFS with
6 min walk distance (6MWD), partial pressure of oxygen
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in arterial blood (P O,), pulmonary function tests,
fatigue, cough, dyspnoea and health-related quality of
life. Discriminant validity was investigated assuming that
the CFS does not correlate with chronological age but
adds an additional layer to ageing. Lastly, clinical validity
was investigated by identification of clinical features asso-
ciated with post-COVID-19 CFS.

Statistical analysis

Participant characteristics are reported as number (per
cent), mean (SD) or median (IQR) depending on the
distribution of the data.

To determine criterion and construct validity, the asso-
ciation between CFS and other measures of frailty as well
as patient characteristics was assessed by Wilcoxon signed
rank tests for categorical variables and by Spearman’s
correlation for continuous variables. Pre-COVID-19
and post-COVID-19 CFS were compared using paired
Wilcoxon signed rank tests.

Mixed effect logistic regression models were used to
determine factors associated with post-COVID-19 CFS
accounting for multiple follow-ups. In addition to the
random effect for patient, fixed effects were added to
adjust for potential confounders with conceptual impor-
tance. The internal consistency of the 40 items of the FI
was evaluated using Cronbach’s alpha, a value of >0.70
indicates an appropriate degree of internal consistency.*’
A two-sided p<0.05 indicated statistical significance for
all comparisons. Data were analysed using R V.4.1.1 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Participant characteristics and frailty at the first post-
COVID-19 follow-up visit

From 1 May 2020 to 1 July 2021, 480 participants were
recruited to the Swiss COVID-19 lung study, of those
288 were included in the current CFS analyses, with 103
participants from 3 centres completing additional frailty

Swiss COVID-19 lung study
480 participants — 823 observations

250 years old and available CFS assessment
n=288 - 452 observations

| I

No hospitalisation Hospitalisation ward Hospitalisation ICU
n=83 n=78 n=127

5:98 .
|——»! - Pulmonaryfunctiontests:52 !
i - Arterial blood draw: 115

- 6-minute walk test: 78
1 - Dyspnea & cough: 12
l | - HRQoL:69

Additional SPPB & Fl assessment
n=103 - 147 observations

| l

No t italisation Hospitalisation ward t italisation 1CU
n=28 n=28 n=47
Figure 1  Study flow chart. CFS, Clinical Frailty Scale; Fl,
Frailty Index; HRQoL, health-related quality of life; ICU,
intensive care unit; SPPB, short physical performance

battery.

i - Gminute walk test: 18
l | - Dyspnea & cough:9
|

- HRQoL:19

assessments (FI and SPPB) (figure 1, table 1). Median
(IQR) time from first COVID-19 symptoms to the first
follow-up visit was 3.9 (8.2-5) months. One, two and
three visits were available in 156, 100 and 32 partici-
pants, respectively. Of the 288 participants, 78 (27%)
and 127 (44%) were hospitalised for COVID-19 on the
ward and on the intensive care unit (ICU), respectively.
The subgroup of participants who were hospitalised on
the ICU included more men (72% vs 66% in the ward
and 51% in the non-hospitalised subgroup) and more
ever smokers (52% vs 33% in the ward and 17% in the
non-hospitalised subgroup). Patients with ward hospital-
isations were slightly older (mean 66.2 years) compared
with patients with ICU hospitalisations (mean 64.9 years)
and no hospitalisations (64.4 years). Patients who were
hospitalised on the ICU had a higher body mass index
(BMI), more frequent comorbidities, poorer lung func-
tion and physical performance, more dyspnoea, slightly
worse quality of life at the first follow-up visit (online
supplemental table SI).

The individual items of the FI are listed in the online
supplemental table S2. Cronbach’s alpha of the 40 items
of the FI was 0.82 (95% CI 0.87 to 0.93). The median
(IQR) FI was 0.10 (0.05-0.18), 49% of the participants
were not frail, 32% were prefrail and 19% were frail. The
median (IQR) SPPB was 12 (10.2-12), accordingly 84%
of the participants were not physically frail, 11% were
prefrail and 5% were frail. Median (IQR) 4 m gait speed
was 1.3 (1-1.3) m/s, mean (SD) grip strength was 36.4
(14.7) kg, the mean (SD) time for 5R STS was 10.9 (3.4)
s and in 30 s a mean (SD) of 16 (7) STS repetitions were
achieved.

The CFS showed criterion validity with correlations
between the CFS and other measures of frailty at first
post-COVID-19 follow-up (online supplemental figure
S1). There was a strong correlation between the CFS and
the FI (r=0.69, p<0.001), with a moderate correlation
between the CFS and the SPPB score (r=-0.48, p<0.001),
4 m gait speed (r=-0.45, p<0.001) and 5R STS (r=0.48,
p<0.001), and a week correlation with the 30 s STS
(r=-0.33, p=0.005). CFS was not significantly correlated
with grip strength (r=-0.16, p=0.22).

Figure 2 shows construct validity with correlations
between the CFS and measures of respiratory and
general impairment at first post-COVID-19 follow-up.
The strongest correlations were observed between
the CFS and the FSS (r=0.62, p<0.001), SGRQ score
(r=0.59, p<0.001) and the mMRC dyspnoea scale
(r=0.48, p<0.001). There was also a weak to moderate
correlation with 6MWD (r=-0.39, p<0.001), forced
vital capacity (FVC) and DLCO %-predicted (r=-0.25,
p<0.001 and r=-0.19, p=0.008, respectively), and a weak
correlation with P O, (r=-0.13, p=0.1) and cough VAS
(r=0.17, p=0.006). Age was not correlated with the CFS
(r=0.01, p=0.86).
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Table 1 Participant characteristics at first COVID-19
follow-up in the entire cohort and in patients with extensive

frailty assessment

Extensive
Entire cohort frailty
(CFS) assessment
(n=288) (n=103)
Number (%), mean (SD)
Sex, men 187 (65%) 63 (61%)
Age, years 65.1 (9) 63 (8.7)
Ever smokers % 109 (38%) 40 (39%)
Smoked pack years* 20 (10-31) 20 (8-30)
Body mass index, kg/m?>  28.7 (5.2) 27.7 (5.2)
Hospitalisation for COVID-19
No hospitalisation 83 (29%) 28 (27%)
Hospitalisation ward 78 (27%) 28 (27%)
Hospitalisation ICU 127 (44%) 47 (46%)
Comorbidities
Interstitial lung disease 5(1.7%) 4 (4%)
COPD 0 (3.5%) 5 (5%)
Asthma 29 (10%) 1(11%)
Diabetes 40 (14%) 13 (13%)
Pulmonary embolism 8 (2.8%) 5 (5%)
Pulmonary hypertension 4 (1.4%) 3 (83%)
Arterial hypertension 106 (37%) 43 (42%)
Gastro-oesophageal reflux 22 (7.6%) 11 (11%)
Cancer 23 (8%) 12 (12%)
Functional tests
TLC, L 5.6 (1.5) 5.8 (1.5)
TLC, %-predicted 89 (19) 93 (19)
FVC, L 3.5(1) 3.7(1)
FVC, %-predicted 90 (18) 92 (18)
FEV1, L 2.8 (0.75) 2.9 (0.75)
FEV1, %-predicted 92.8 (18) 92.8 (16)
DLCO, %-predicted 78 (21) 84 (23)
P,O,, mm Hg 79 (13) 82 (14)
6MWD, m 484 (110) 507 (104)
6MWD, %-predicted 79.1 (13) 95.7 (17)
O, nadir on 6MWT 90.3 (5.1) 91.7 (5.3)
Symptoms
mMRC 1.0 (0.9) 0.91 (0.9)
Cough VAS 0 (0-1) 0 (0-1)
SGRQ total 33.0 (20) 34.4 (18)
SGRQ impact 22.1 (20) 21.7 (17)
SGRQ activity 48.1 (26) 49.8 (25)
SGRQ symptoms 38.4 (24) 39.4 (22)
Frailty
CFS pre-COVID-19 2(1-2) 2 (1.5-2)
Continued

Table 1 Continued

Extensive
Entire cohort frailty
(CFS) assessment
(n=288) (n=103)
CFS post-COVID-19 3 (2-3) 3 (2-3.25)

Data are presented as mean (SD), median (IQR) or frequency
(percentage).

*Smoked pack years in ever smokers

CFS, Clinical Frailty Scale; COPD, chronic obstructive pulmonary
disease; DLCO, diffusing capacity of the lung for carbon
monoxide; FEV1, forced vital capacity in 1 min; Fl, Frailty Index;
FVC, forced vital capacity; ICU, intensive care unit; mMMRC,
modified Medical Research Council ; BMWD, 6 min walk distance;
6MWT, 6 min walk test; P,O,, partial pressure of oxygen in arterial
blood; SGRQ, St George’s Respiratory Questionnaire; SPPB, short
physical performance battery; TLC, total lung capacity; VAS, visual
analogue scale.

Change of the CFS from pre-GOVID-19 to post-COVID-19
Overall, the median (IQR) pre-COVID-19 CFS was 2
(1-2), and at post-COVID-19 follow-up the median (IQR)
CFS was 3 (2-3), with 6% and 21% of participants being
considered vulnerable or frail (CFS >4) pre-COVID-19
and post-COVID-19, respectively (figure 3A). There was
a slight but significant increase in frailty from the pre-
COVID-19 state to the CFS at post-COVID-19 follow-up
(median (IQR) 2 (1-2) to 2 (2-3), p=0.03) in partici-
pants without hospitalisation, with a larger CFS increase
in participants who were hospitalised on the ward (pre-
COVID-19 2 (1-2) to post-COVID-19 3 (2-3), p=0.02), or
on the ICU (pre-COVID-19 1 (1-3) to post-COVID-19 3
(2-4), p<0.001) (figure 3B).

CFS MWD P.0; FVC% DLCO % FSS SGRQ Cough mMRC
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Flgure 2 Construct valldlty of the Clinical Frallty Scale
(CFS). DLCO %, diffusing capacity of the lung for carbon
monoxide %-predicted; FSS, Fatigue Severity Scale; FVC
%, forced vital capacity %-predicted; mMRC, modified
Medical Research Council; P,O,, arterial partial pressure of
oxygen in arterial blood; SGRQ, St George’s Respiratory
Questionnaire; BMWD, 6 min walk distance.
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A)

not frail ~—————— vulnerable or frail
1

Number of patients

Pre-COVID-19

Clinical Frailty Scale

B)

No hospitalisation Hospitalisation ward Hospitalisation ICU

p=0.03 p=0.02 p<0.001

Clinical Frailty Scale
S

Pre-COVID-19  Post-COVID-19 Pre-COVID-19  Post-COVID-19 Pre-COVID-19  Post-COVID-19
CFS 2 (1-2) CFS 2(2-3) CFS2(1-2) CFS 3 (2-3) CFS 1(1-3) CFS 3 (2-4)

Figure 3 Clinical Frailty Scale (CFS) pre-COVID-19 and
post-COVID-19. Distribution of the CFS pre-COVID-19 and
post-COVID-19 in the entire cohort (A) and change of the
CFS stratified by hospitalisation (B). ICU, intensive care
unit.

In an exploratory analysis, factors associated with an
increase in CFS =1 were determined (online supple-
mental table S3). Comparable to the below findings from
the cross-sectional analysis, more severe dyspnoea (higher
mMRC) was significantly associated with a higher risk for
CFS increase on unadjusted analysis (OR 1.95 (95% CI
1.24 to 3.07), p=0.004), and with adjustement for age,
sex, follow-up time, hospitalisation, smoking status and
BMI (OR 2.11 (95% CI 1.13 to 3.94), p=0.02). Further-
more, there was a significantly lower risk for CFS increase
in patients with a higher 6 MWD (OR 0.98 (95% CI 0.95 to
1.00), p=0.02). FVC %-predicted (OR 0.98 (95% CI 0.96
to 1.00), p=0.11) and other pulmonary function param-
eters were not significantly associated with CFS increase.

Determinants of post-COVID-19 CFS

For the investigation of post-COVID-19 determinants of
CFS, all 452 follow-up observations (3—-12 months after
first COVID-19 symptoms) of the 288 patients were
considered.

Clinical variables associated with vulnerability or
frailty (CFS >4) at post-COVID-19 follow-up are shown
in table 2. Patients who were hospitalised for COVID-19
had 4 times the odds for vulnerability/frailty (OR 4.01
(95% CI 0.98 to 16.3), p=0.05). Compared with women,

Table 2 Unadjusted associations with vulnerability/frailty

(CFS >4) post-COVID-19

Unadjusted analysis*

OR (95% CI) P value
Sex, men 0.43 (0.16 to 1.18) 0.10
Age, years 1.01 (0.95 to 1.06) 0.83
Body mass index, kg/m? 1.10 (0.99 to 1.21) 0.05
Ever smokers % 1.34 (0.45 to 4.02) 0.60
Hospitalisation 4.01 (0.98 to 16.3) 0.05
Follow-up time, months 0.94 (0.81 to 1.08) 0.39
Diabetes 2.53 (0.56 to 11.4) 0.23
Arterial hypertension 1.11 (0.41 to 3.05) 0.84
FVC, %-predicted 0.96 (0.94 to 0.98) 0.002
DLCO, %-predicted 0.96 (0.93 to 0.99) 0.005
6MWD, %-predicted 0.92 (0.88t0 0.96) <0.001
P.O,, mm Hg 0.95 (0.90 to 1.00) 0.046
mMRC 3.64 (2.20t0 6.03)  <0.001
SGRQ, total 1.11 (1.05t0 1.19)  <0.001
Fatigue Severity Scale 1.13 (0.99 to 1.29) 0.08

For example, every 1% increase in FVC %-predicted is associated
with a 4% lower odds and every one-point increase in mMRC is
associated with 3.64 times the odds for vulnerability/frailty.
*Individual models accounting for multiple follow-up visits per
patient (random effect)

6 min walk distance; CFS, Clinical Frailty Scale; DLCO, diffusing
capacity of the lung for carbon monoxide; FVC, forced vital
capacity; mMMRC, modified Medical Research Council; P,O,,
partial pressure of oxygen in arterial blood; SGRQ, St George’s
Respiratory Questionnaire.

men had 57% lower odds for frailty/vulnerability (OR
0.43 (95% CI 0.16 to 1.18)). Age and the most frequent
comorbidities showed no significant association with
vulnerability/frailty, whereas higher BMI was a risk factor
for vulnerability/frailty (OR 1.10 (95% CI 0.99 to 1.21),
p=0.05).

Higher FVC %-predicted, DLCO %-predicted, 6MWD
%-predicted and P O, were significantly associated with
lower risk for vulnerability/frailty in the analyses only
accounting for multiple follow-ups per patient (table 2),
and with adjustment for the potential confounders age,
sex, BMI, smoking, hospitalisation for COVID-19 and
follow-up time (table 3). Dyspnoea (mMRC) was signifi-
cantly associated with vulnerability/frailty, which was
robust to adjustment for the above confounders and addi-
tionally for FVC %-predicted and 6MWD %-predicted
(fully adjusted OR 2.01 (95% CI 1.13 to 3.58), p=0.02).
Similarly, the SGRQ was associated with vulnerability/
frailty including with adjustment for above confounders
(OR 1.06 (95% CI1.03 to 1.10), p<0.001).

DISCUSSION
This multicentre observational study demonstrates the
CFS as a valid tool for the assessment of vulnerability

Miiller 1, et al. BMJ Open Resp Res 2022;9:6001227. doi:10.1136/bmjresp-2022-001227
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Table 3 Adjusted associations with vulnerability/frailty
(CFS >4) post-COVID-19

OR (95% CI)

P value

Adjusted for age, sex, BMI, smoking, hospitalisation and
follow-up time*

FVC, %-predicted 0.95 (0.92 to 0.98) <0.001
DLCO, 0.96 (0.93 to 0.99) 0.005
%-predicted

6MWD, 0.92 (0.88 to 0.95) <0.001
%-predicted

P.O,, mm Hg 0.93 (0.87 to 1.00) 0.043
mMRC 3.73 (2.12 to 6.58) <0.001
SGRQ, total 1.12 (1.05 to 1.19) <0.001

Additional adjustment for FVC %-predicted and 6MWD
%-predictedt

mMRC
SGRAQ, total

2.01 (1.13 to 3.58) 0.02
1.06 (1.03 to 1.10) <0.001

For example, every 1% increase in FVC %-predicted is associated
with a 5% lower odds and every one-point increase in mMMRC

is associated with 2 times the odds for vulnerability/frailty after
accounting for the listed confounders.

*Individual models with random effect: patient; fixed effects: age,
sex, follow-up time, hospitalisation, BMI, smoking.

TRandom effect: patient; fixed effects: age, sex, follow-up

time, hospitalisation, BMI, smoking, FVC %-predicted, 6MWD
%-predicted.

6 min walk distance; CFS, Clinical Frailty Scale; DLCO, diffusing
capacity of the lung for carbon monoxide; FVC, forced vital
capacity; mMRC, modified Medical Research Council; P,0,,
partial pressure of oxygen in arterial blood; SGRQ, St George’s
Respiratory Questionnaire.

and frailty at post-COVID-19 follow-up. With the clini-
cally relevant increase in CFS from the pre-COVID-19
state to follow-up =3 months post-COVID-19, the CFS
showed responsiveness, particularly to severe COVID-19
requiring hospitalisation. Furthermore, we demonstrate
criterion validity of the CFS in reference to other frailty
measurements, and construct validity when correlated
with the severity of symptoms and pulmonary function
impairment. Low FVC %-predicted, DLCO %-predicted,
6MWD %-predicted and P O, were significantly associ-
ated with post-COVID-19 vulnerability and frailty, with
dyspnoea (mMRC) and SGRQ as the factors with the
strongest association, independent from demographics,
hospitalisation, and pulmonary function.

One-fifth of participants 4 months after acute COVID-19
were vulnerable or frail (CFS >4), in contrast two-thirds
of elderly patients (mean age 80 years) who were in
hospital for COVID-19 at the time of CFS assessment had
a CFS >4.% According to the FI, 19% of our population
was frail and an additional 32% was prefrail. Using an
equation derived from a representative Canadian general
population, the median FI of 0.1 in this post-COVID-19
population corresponds to a biological age of 67 years,
which is only slightly above this cohort’s chronological
mean age of 63 years.28 In contrast, a cohort of patients

3

with interstitial lung disease (mean age 69 years) had a
median FI of 0.2.% Overall, in this cohort only slightly
more individuals were vulnerable or frail compared with
the general population and frailty was less common than
in patients with chronic respiratory disease.

Different frailty assessment tools typically cover
different aspects of frailty,30 and in our study the CFS
showed a stronger correlation with the FI than with
the SPPB score. This confirms the CFS, like the FI, as
a higherlevel measure of functionality compared with
the SPPB, which specifically measures physical frailty.
Although the FI provides more granularity and has estab-
lished prognostic validity across different populations,’°
the CFS is simple to administer and easy to implement in
clinical practice.gl Respiratory impairment is increasingly
recognised at post-COVID-19 follow-up,” with several
variables of respiratory limitation showing a significant
association with the CFS in this cohort. Previous find-
ings suggest that dyspnoea is an important determinant
of frailty in patients with chronic lung disease,32 and
this study similarly shows double the odds of vulnera-
bility or frailty with every one-point increase in mMRC,
in a model adjusting for demographics, common risk
factors, pulmonary function and physical performance.
Furthermore, participants with a CFS increase from pre-
COVID-19 to post-COVID-19 were also more likely to
suffer from dyspnoea at post-COVID-19 follow-up. This
relationship between dyspnoea and frailty emphasises the
importance of assessing dyspnoea post-COVID-19. Hospi-
talisation is a risk factor for the progression of frailty.33 i
We confirm that COVID-19 survivors who were hospital-
ised had a CFS increase of one point on average, which
is considered clinically meaningful.15 Together with the
less pronounced CFS increase in those without hospital-
isation, this shows that the CFS responds to major health
issues as expected.

This study has some limitations. The Swiss lung
COVID-19 cohort is not a representative sample of the
population but includes COVID-19 survivors who were
still symptomatic at least 3 months after the acute disease.
Consequently, our proportion of frail individuals does not
reflect post-COVID-19 prevalence of frailty in the general
population. However, the validation of the CFS in individ-
uals with and without hospitalisation for acute COVID-19
ensures generalisability of our findings to populations of
different COVID-19 severities. The pre-COVID-19 CFS
assessment was retrospective, and although this approach
has been validated plreviously,18 there is a potential for
recall bias. Unfortunately, the number of missing CFS
information pre-COVID-19 was high, and consequently
our analysis of determinants of pre-COVID-19/post-
COVID-19 change was only exploratory. We choose the FI
and SPPB as reference standards for the CFS validation,
even though the comprehensive geriatric assessment
is considered the gold standard for frailty assessment.
However, a comprehensive geriatric assessment is time-
consuming and considered not feasible in the typical
clinical research scenario.”> We customised a 40-item FI
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for the current study with applications in German and
French. The concept of the cumulative deficit accumu-
lation allows for a collection of deficits that can vary
between studies, with the assumption that the individual
items are correlated with one another as well as with addi-
tional unmeasured deficits. A high internal consistency
is therefore an important feature of the FI. With a Cron-
bach’s alpha of 0.87 (0.88 for the German FI, 0.80 for the
French FI), this was demonstrated for this current FI.

In recent years, the CFS has been increasingly used in
different populations and clinical contexts. By quanti-
fying the clinicians overall ‘gestalt’ of the patient, the CFS
can provide a valuable tool to communicate risks asso-
ciated with decreasing physiological reserves.”® Partic-
ularly in old and very old patients, the CFS has been
demonstrated to be reliable, valid and of high prognostic
importatnce.37 % Studies looking at the validity of the CFS
in middle-aged adults are more sparse, but evidence is
emerging that the CFS predicts outcomes also in patients
younger than 50 years.” Overall, considering chronolog-
ical and biological and functional age is appropriate for
risk assessments and management decisions in acute and
chronic care settings.” **' We found that age was not
a determinant of post-COVID-19 frailty, which supports
the added value of frailty also in the post-COVID-19
context. The COVID-19 pandemic has a large impact on
day-to-day life of the general population, and particularly
older adults experience the consequences of limited
access to healthcare, social isolation and reduced phys-
ical activity.'* ** If frailty is identified, patients can benefit
from comprehensive geriatric assessments, nutrition and
physical activity interventions, mobile health-assisted
interventions and pulmonary rehabilitation.**" Since
frailty is a potentially preventable and reversible state,
early detection of frailty is important, and particularly
in the high-volume low-resource context of COVID-19
simple screening tools such as the CFS are urgently
needed.

In summary, dyspnoea is the most important driver
of post-COVID-19 frailty and should be addressed thor-
oughly, especially after severe COVID-19. The CFS shows
validity and is responsive to hospitalisation for COVID-
19. We hope that this study raises awareness of frailty in
the post-COVID-19 setting and fosters the implementa-
tion of the CFS in clinical practice.
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Supplemental measurement details

For the sit-to-stand (STS) test participants were seated upright on a chair of standard height (46 cm)
positioned against a wall with knees and hips flexed at 90 degrees, the feet placed flat on the floor
hip-width apart, and the hands placed across the chest. They were instructed to place their hands
across the chest and to raise from the chair to a standing position as fast as possible for 5 repetitions
(5R STS) and as many times as possible in 30 seconds for the 30-second STS. Repetitions were
counted manually. The 5R STS is a component of the short physical performance battery (SPPB) and
measures functionality and lower extremity muscle strength, whereas the longer 30s STS measures

exercise tolerance.'?

Handgrip strength was determined to the nearest kilogram using a Jamar Hydraulic Hand
dynamometer. Patients were seated with elbows flexed to 90 degrees and forearms in neutral
position. Patients were instructed to squeeze the dynamometer as hard as possible alternating three
times for each hand, with the best measurement used for all analyses. Isometric handgrip strength
measurement is simple and well validated, including in the Swiss general population, and in patients

with chronic obstructive pulmonary disease.>”*

Health-related quality of life was measured using the St George’s Respiratory Questionnaire (SGRQ),
which includes 50-items in three domains relating to symptomes, activity, and impact. The total score
that ranges from 0 to 100, with a higher score indicating worse quality of life. The SGRQ was
specifically developed for respiratory diseases.® The Fatigue Severity Scale (FSS) is a frequently used
guestionnaire to assess fatigue in individuals with chronic diseases. Each of the 9 items are answered
on a 7-point scale ranging from 1 strongly disagree to 7 strongly agree. The mean was used for the
analyses.” The modified Medical Research Council (MMRC) dyspnoea scale ranges from 0 (breathless
only on strenuous exercise) to 4 (breathless when dressing or undressing or too breathless to leave
the house), and is a well-established dyspnea measure.® Cough was assessed by cough visual

analogue scale (VAS, range 0-10, higher numbers indicate worse cough).
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Figure S1. Criterion validity of the Clinical Frailty Scale.

CFS FI SPPB Gait speed S5R STS 30s STS Grip strength

]\/\L r=0.69 r=-0.48 r=-0.45 r=0.48 r=-0.33

yi/i/. K’— r=-048 r=-0.52 r=0.37 r=-0.31 r=-0.45
L}

??.\ 'F:f.\\_ J r=044 r=-0.81 r=077 r=0.33

sS40

14

4dds

“ o e . r=-0.48 r=0.42 r=0.26 gg
. | S [ " o 1N . 'lo -
| gl ~ /\ r=-086 r=-018 &
: ] :
e . . H .
. W R t "
: . hee . r=018 o

f
!
!
i
i

Abbreviations: CFS, clinical frailty scale; Fl, frailty index, SPPB, short physical performance battery; 5R

STS, 5 repetitions sit-to-stand; 30s STS, 30-second sit-to-stand
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Table S1. Participant characteristics stratified by hospitalisation for COVID-19.

No hospitalisation

Hospitalisation

Hospitalisation

(n=83) ward (n=78) ICU (n=127)
Number (%), mean (SD) Missing, n
Sex, men 42 (51%) 48 (66%) 92 (72%) -
Age, years 64.4 (9.4) 66.2 (9.4) 64.9 (8.6) -
Ever smokers % 14 (17%) 26 (33%) 66 (52%) 80
Pack years* 20 (7.8-21.5) 20 (10-20) 25 (16-32.5) 80
Body mass index, 27.7 (5.1) 28.6 (5.7) 29.3 (4.8) 49
kg/m?
COMORBIDITIES
ILD 0 1(1%) 4 (3%) 99
COPD 2 (2%) 1(1%) 7 (6%) 99
Asthma 7 (8%) 9 (12%) 13 (10%) 96
Diabetes 7 (8%) 6 (8%) 27 (21%) 96
Pulmonary 1(1%) 3 (4%) 4 (3%) 98
embolism
Pulmonary 0 2 (3%) 2 (2%) 98
hypertension
Arterial 15 (18%) 28 (36%) 63 (50%) 85
hypertension
Gastroesophageal 4 (5%) 3 (4%) 15 (12%) 99
reflux
Cancer 3 (4%) 4 (5%) 16 (13%) 99
FUNCTIONAL TESTS
TLC, liters 6.1(1.2) 5.6 (1.6) 5.4 (1.5) 83
TLC, % predicted 97 (17) 91 (21) 84 (18) 83
FVC, liters 3.7 (0.9) 3.4 (1) 3.4 (1) 52
FVC, % predicted 96 (15) 90 (19) 86 (19) 52
FEV1, liters 2.9 (0.6) 2.6 (0.8) 2.6 (0.8) 52
FEV1, % predicted 97 (13) 91(17) 89 (21) 52
DLCO, % predicted 88 (21) 82 (20) 71 (20) 74
p.02, mmHg 79 (17) 79 (15) 79 (11) 115
6-MWD, meters 533 (118) 508 (102) 456 (105) 78
6-MWD, %- 101 (18) 99 (15) 89 (18) 78
predicted
02 nadir on 6MWT 91 (6) 90 (5) 90 (5) 78
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SYMPTOMS
mMRC 0.79 (0.9) 0.97 (0.9) 1.15(1) 10
Cough VAS 0(0-2) 0 (0-1.5) 0(0-2) 12
SGRQ total 33.1(19) 29.4 (21) 34.4 (21) 69
SGRQ impact 20.1(18) 18.9 (19) 24.8 (21) 69
SGRQ activity 47.5 (25) 42.6 (27) 50.90 (26) 69
SGRQ symptoms 43.1 (24) 37.0(27) 36.11 (23) 69
FRAILTY

CFS pre-COVID-19 2 (1-2) 2 (1-2) 1(1-3) 123
CFS post-COVID-19 2 (2-3) 3(2-3) 3 (2-4) -

Data are presented as mean (standard deviation), median (interquartile range), or frequency

(percentage).

Abbreviations: COPD, chronic obstructive pulmonary disease; COVID-19, Coronavirus disease 2019;

DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced vital capacity in 1 minute; Fl,

frailty index; FVC, forced vital capacity; ICU, intensive care unit; ILD, interstitial lung disease; mMMRC,

modified medical research council, P,O,, arterial partial pressure of oxygen; SD, standard deviation;

SGRQ, St George’s Respiratory Questionnaire; SPPB, short physical performance battery; TLC, total

lung capacity; VAS, visual analogue scale; 6MWD, 6-minute walk distance; 6MWT, 6-minute walk

test. *in ever smokers

Table S2. Individual deficits of the frailty index.

COMORBIDITIES

1. Chronic lung disease

2. Chronic kidney disease

3. Chronic gastrointestinal disease
4, Effects of a stroke

5. Dementia

6. Epilepsy

7. Arthritis or arthrosis

8. Arterial hypertension

9. Dyslipidemia

10. Diabetes

11. Heart disease

12. Cancer

13. Problems with urinary or fecal incontinence
14. Depression

15. Hypo-/ hyperthyroidism

16. Weight loss

17. Anaemia

18. Immunosuppression

19. Polypharmacy (=5 medications)
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INDEPENDENCE & SELF-CARE

20.

Have you recently fallen?

21.

Do you have difficulty walking or do you use a walking aid?

22.

Do you have difficulty carrying light weights?

23.

Do you have restrictions of activity due to poor health?

24,

Do you have body pain that prevents activities?

25.

Do you need help for shopping for necessities?

26.

Do you need help for heaving light household chores? (e.g., washing up)

27.

Do you need help for heaving heavy household chores? (e.g., cleaning windows)

28.

Do you need help for body care?

29.

Do you need help for taking medication?

30.

Do you have impaired vision?

31.

Do you have impaired hearing?

32.

Do you have difficulty speaking?

33.

Do you have problems with eating, drinking or swallowing?

34.

Do you sleep badly?

35.

Do you have difficulty with problem solving?

36.

Do you feel tired all the time?

37.

Do you spend during the day several hours in bed?

38.

Do you feel sad or depressed?

39.

Do you often have fear?

40.

Do you often feel lonely?

Table S3. Unadjusted and adjusted associations with increase in CFS 21 pre-/post-COVID-19.

Unadjusted analysis*

OR (95% CI) p-value
CFS pre-COVID-19 0.91 (0.45-1.85) 0.80
Hospitalisation 1.80(0.31-10.4) 0.51
Follow-up time, months 0.86 (0.74-0.99) 0.03
FVC, % predicted 0.98 (0.96-1.00) 0.11
DLCO, % predicted 0.99 (0.98-1.01) 0.46
6MWD, %-predicted 0.98 (0.95-1.00) 0.02
P.0,, mmHg 0.99 (0.96-1.02) 0.56
mMRC 1.95 (1.24-3.07) 0.004
SGRQ, total 1.06 (1.03-1.09) <0.001
Fatigue Severity Scale 1.08 (1.00-1.16) 0.04

Adjusted for age, sex, BMI, smoking, hospitalisation, and follow-up time*

mMRC 2.11(1.13-3.94) 0.02
SGRQ, total 1.05 (1.02-1.10) 0.001
Fatigue Severity Scale 1.12 (1.04-1.22) 0.003
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Individual models with “random effect: patient; fixed effects: age, sex, follow-up time,
hospitalisation, BMI, smoking

For example, every one point increase in mMMRC is associated with 2.11-times the odds for
vulnerability/frailty after accounting for the listed confounders.

Abbreviations: CFS, Clinical Frailty Scale; DLCO, diffusing capacity of the lung for carbon monoxide;
FVC, forced vital capacity; mMRC, modified medical research council; OR, odds ratio; P,O,, partial
pressure of oxygen in arterial blood; SGRQ, St. George’s respiratory questionnaire; 6MWD, 6-minute
walk distance; 95% Cl, 95 percent confidence interval
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