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Summary
Background The scale of COVID-19 and its well documented long-term sequelae support a need to understand long-
term outcomes including frailty.

Methods This prospective cohort study recruited adults who had survived hospitalisation with clinically diagnosed
COVID-19 across 35 sites in the UK (PHOSP-COVID). The burden of frailty was objectively measured using Fried’s
Frailty Phenotype (FFP). The primary outcome was the prevalence of each FFP group—robust (no FFP criteria), pre-
frail (one or two FFP criteria) and frail (three or more FFP criteria)—at 5 months and 1 year after discharge from
hospital. For inclusion in the primary analysis, participants required complete outcome data for three of the five
FFP criteria. Longitudinal changes across frailty domains are reported at 5 months and 1 year post-hospitalisation,
along with risk factors for frailty status. Patient-perceived recovery and health-related quality of life (HRQoL) were
retrospectively rated for pre-COVID-19 and prospectively rated at the 5 month and 1 year visits. This study is
registered with ISRCTN, number ISRCTN10980107.

Findings Between March 5, 2020, and March 31, 2021, 2419 participants were enrolled with FFP data. Mean age was
57.9 (SD 12.6) years, 933 (38.6%) were female, and 429 (17.7%) had received invasive mechanical ventilation. 1785
had measures at both timepoints, of which 240 (13.4%), 1138 (63.8%) and 407 (22.8%) were frail, pre-frail and robust,
respectively, at 5 months compared with 123 (6.9%), 1046 (58.6%) and 616 (34.5%) at 1 year. Factors associated with
pre-frailty or frailty were invasive mechanical ventilation, older age, female sex, and greater social deprivation. Frail
participants had a larger reduction in HRQoL compared with before their COVID-19 illness and were less likely to
describe themselves as recovered.

Interpretation Physical frailty and pre-frailty are common following hospitalisation with COVID-19. Improvement in
frailty was seen between 5 and 12 months although two-thirds of the population remained pre-frail or frail. This
suggests comprehensive assessment and interventions targeting pre-frailty and frailty beyond the initial illness are
required.

Funding UK Research and Innovation and National Institute for Health Research.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

We searched PubMed for studies investigating the burden of
frailty in hospitalised survivors of COVID-19 using the search
terms (“frailty” AND “covid-19” AND "hospital*”). Several
studies examined and confirmed the relationship between
frailty prior to COVID-19 illness and adverse outcomes during
hospitalisation while others examined the effect of critical
care admission with COVID-19 and the transition to a frail
state. No cohort studies of hospitalised survivors examining
the burden of frailty in this group were identified,
furthermore no investigation of the association of objectively
assessed physical frailty and ongoing symptoms and physical
performance was identified.

Added value of this study

To our knowledge we report the only cohort of hospitalised
survivors of COVID-19 in whom physical frailty was objectively
assessed as a pre-defined outcome measure. The cohort

highlights an important and considerable burden of frailty and
pre-frailty, which is predictive of adverse outcomes in the
medium-to-long term. Our data suggest that both pre-existing
frailty and acute worsening from the hospitalisation contribute
to the high proportion of pre-frail and frail people at 5 months.
The data support the physical frailty model in identifying and
guiding the ongoing management of COVID-19 survivors in
whom further interventions may be beneficial, and is associated
with non-recovery, ongoing symptoms, reduced physical
performance and reduced health-related quality of life.

Implications of all the available evidence

Frailty is a common finding in survivors of COVID-19
requiring hospitalisation, with our data extending the
findings to beyond the critical care setting. We suggest
routine assessment of frailty in the post-hospitalised
population, such as the comprehensive geriatric assessment,
and the development of targeted interventions.

www.thelancet.com Vol 57 March, 2023


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eclinm.2023.101896
https://doi.org/10.1016/j.eclinm.2023.101896
https://doi.org/10.1016/j.eclinm.2023.101896
www.thelancet.com/digital-health

Articles

Introduction

As of October 2022, more than 1 million individuals'
have been admitted to hospitals in the UK with
COVID-19. Survival from hospitalisation has improved
throughout the pandemic with increasingly successful
interventions.” The longer-term consequences of severe
COVID-19, including sequelae of the primary infection
and the effects of prolonged hospitalisation and immo-
bility and reduced habitual physical activity in daily
living, are now emerging. Perceived muscle weakness
and fatigue are reported as the most common symp-
toms, present in 63% of patients at six months in those
hospitalised with COVID-19.* Despite the primary pa-
thology affecting the lungs, it is clear that there are
multiple systemic consequences of COVID-19 and
therefore a more global assessment is required.*

Frailty describes a clinical syndrome characterised by
increased vulnerability to stressors due to a loss of in-
built body reserves.” Multiple operationalised models
of frailty have been utilised including that described by
Fried et al.,® who defined the phenotype model as the
presence of core identifiable clinical features of physical
frailty which correlate with an increased risk of adverse
outcomes including death, hospitalisation, falls and
developing a new disability and is recommended as an
objective measure of physical frailty.”

Hospitalisation with severe COVID-19 is more
common in patients with frailty, and is a known risk
factor for inpatient mortality, more so than the presence
of co-morbidities or increasing age.® Among patients
who survive hospitalisation, many will have had pro-
longed immobility, and may have received either inva-
sive ventilatory support in an intensive care (ICU)
setting, or non-invasive ventilatory support in a non-ICU
setting. In other hospitalised populations, frailty is a
surrogate marker to identify individuals who are at an
increased risk of medium-to-long term adverse out-
comes including hospital readmission, loss of inde-
pendence and need for further care and support. There
is an urgent need to understand the longer-term burden
of frailty among individuals recovering from COVID-19,
along with potential mechanisms to identify and guide
interventions for patients with, or at risk.

The  “Post-hospitalisation =~ COVID-19  study”
(PHOSP-COVID) is a UK-wide national consortium
deep phenotyping cohort study, designed to understand
long-term health outcomes in this population. In our
cohort we aimed to: (1) describe the burden of physical
pre-frailty and frailty using Fried’s frailty phenotype
model (FFP) and the change in frailty status between 5
months and 1 year; (2) identify risk factors associated
with the presence of pre-frailty and frailty; (3) identify
potential targets for interventions using the sub-
domains of the FFP; (4) understand changes in health-
related quality of life and self-reported recovery across
frailty groups.
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Methods

Study design and population

PHOSP-COVID is a prospective longitudinal cohort
study recruiting adult participants who have been
admitted to an admissions unit or ward at a UK hospital
and discharged with a diagnosis of confirmed or sus-
pected COVID-19 between 5th March 2020 and 31st
March 2021.° Recruitment occurred across 83 hospital
sites in England, Scotland, Wales and Northern Ireland
with eligible participants being invited to participate by
each site following discharge. Patients were excluded if
they had a confirmed diagnosis of a pathogen unrelated
to the objectives of the study, attended an accident and
emergency department but were not admitted, or had
another life-limiting illness with life expectancy of less
than 6 months. Study methods have previously been
described.” Data from participants’ hospital admission
and up to two research visits the first occurring between
two and seven months (“S-month visit’) and second
more than 10 months (“l-year visit”) following
discharge were included. Participants in whom there
was a minimum dataset for evaluation of FFP criteria at
their 5-month visit were included.

Ethics

All participants provided written informed consent. The
study was approved by the Leeds West Research Ethics
Committee (20/YH/0225) and registered with ISRCTN,
number ISRCTN10980107.

Outcome measures
Outcome measures were assessed at each participating
site. Patient centred tests were performed by delegated
site study staff who had received video-based training
alongside study specific standard operating procedures
for each assessment.

The primary outcome was the prevalence of each
FFP group; robust (no FFP criteria), pre-frail (one or two
FFP criteria) and frail (three or more FFP criteria) at 5
months and 1 year following discharge from hospital.
The assessment and cut off values used to assess each of
the five FFP criteria (unintentional weight loss, weak-
ness, exhaustion, slowness and low physical activity) are
described in detail in Supplementary Table ST1. For
inclusion in the primary analysis participants required
complete outcome data for three of the five FFP criteria
as previously described by Fried.®

Key measures included demographics at time of
hospitalisation for COVID-19, including age, ethnicity,
working status prior to hospitalisation, length of hospital
stay, co-morbidities and severity of acute illness (WHO
Clinical Progression Scale)”” and quintiles for index of
multiple deprivation." Patient-reported outcome mea-
sures at the research visit included patient-perceived re-
covery and health-related quality of life (HRQoL) both
prospectively at the study visit and retrospectively rated
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for before onset of COVID-19 illness (EQ5D-5L Utility
Index)."

Statistical analysis

Baseline characteristics were analysed using either one-
way analysis of variance (ANOVA) or Kruskal-Wallis
H-test to compare parametric and non-parametric
continuous data, respectively, and categorical data us-
ing the chi-squared test. Data distribution was assessed
visually using histograms for each variable. Missing data
were reported for each outcome measure with no
imputation for modelling. The presence of no frailty,
pre-frailty and frailty at 5 months and 1 year post
discharge was modelled using mixed methods ordinal
logistic regression with pre-defined clinically plausible
independent variables assessed initially in univariable
ordinal logistic regression models for significant inter-
action. Clinically similar variables were assessed for
collinearity using visual inspection of plotted values and
the Pearson correlation coefficient for continuous data
and plotting of means of continuous data grouped by
ordinal categories and Kendall’s tau-b test, both with a
threshold of r > 0.5 implying collinearity. Variables were
selected for inclusion in a final multivariable model
using a significance threshold of p < 0.05 providing they
were not collinear. Variables assessed were: age at
admission (as a continuous variable and in decade
blocks); sex; body mass index (BMI) (as a continuous
variable and as four ordinal categories); severity of
COVID-19 (in four ordinal categories defined using the
WHO Clinical Progression Scale)"; duration of hospi-
talisation for COVID-19 (as a continuous variable);
number of co-morbidities prior to hospitalization (as a
three level ordinal variable); social deprivation (using
quintiles of the index of multiple deprivation); and time
to assessment from discharge (as a continuous variable).
Testing for heteroscedasticity was performed by plotting
predicted values against residuals.

Among participants with data at both time points
who changed FFP category a sub-analysis was per-
formed across four discrete groups: frail at 5 months to
pre-frail/robust at 1 year, pre-frail at 5 months to robust
at 1 year, pre-frail at 5 months to frail at 1 year and
robust to pre-frail/frail at 1 year. Change in HRQoL
using EQ5D-5L utility index'? over the three time points
(prior to COVID, 5 months and 1 year) and between
frailty groups was assessed using a repeated measures
mixed model.

Two sensitivity analyses were performed; the first
among those in whom all five FFP sub-domains were
available to assess potential bias from missing data
within the cohort, the second in participants aged over
65 years to assess the representativeness of the FFP
model in our younger population.

No sample size calculation was performed for the
assessment of physical frailty as an outcome measure in
the study. Significance was determined using p values

of less than 0.05 without adjustment for multiple
testing. Analysis was conducted using STATA 16.0
(StataCorp, TX) within the Public Health Scotland Na-
tional Safe Haven platform.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Participant characteristics

Between March 5, 2020, and March 31, 2021, 2697
participants consented to attend study visits of whom
2419 (89.7%) with sufficient data for FFP assessment at
5 months from 35 study sites were included in this
analysis (Fig. 1). Participants’ 5-month assessment visit
occurred at mean 5.3 (SD 1.5) months following hospital
discharge. A 1-year assessment occurred for 1785/2419
(73.8%), with visits occurring at mean 12.7 (SD 1.16)
months following hospital discharge. The mean age of
all included participants was 57.9 (SD 12.7) years, 933/
2419 (38.6%) were female and 1795/2419 (74.6%) re-
ported being of white ethnicity (Table 1). Participants
represented a spectrum of acute illness severity cate-
gories with 429/2419 (17.7%) requiring invasive me-
chanical ventilation and 392/2419 (16.2%) requiring
admission to hospital without supplemental oxygen.
Differences in baseline characteristics were noted be-
tween those participants who attended both visits
compared with those who missed the 1 year assessment,
notably, participants who missed the 1 year visit were
younger (mean age 55.1 [SD 13.7] vs 58.8 [12.11] years
[p < 0.001]), had undergone a shorter initial hospital stay
(median 7 [IQR 4-13] vs 8 [4-16] days [p = 0.009]) and a
lower proportion were of white ethnicity (419/634
[66.9%] vs 1376/1785 [77.3%] [p < 0.001]) compared to
those attending both visits. Other baseline characteris-
tics were similar between these two groups (Table 1). It
was not possible to confirm the survival status at 1 year
of all participants who did not attend their 1 year visit at
the time of analysis due to delays in healthcare data
linkage however analysis of the subset of participants in
the PHOSP-COVID study who were also recruited the
ISARIC study (roughly 60% of the cohort) suggested
that the 5 month to 1 year mortality rate was around 1%
as seen in other survivor cohorts."

A sub-analysis comparing baseline characteristics of
the 1643 participants with complete data for all five FFP
sub-domains compared to the 776 with data for only
three or four sub-domains is shown in the
Supplementary Appendix; Supplementary Fig. SF5a—c.
Similar proportions were seen for all characteristics
except the number of participants in full or part time
work prior to their COVID-19 illness for which a higher
proportion (56.4% vs 50.8%, p = 0.0210) seen among
those with no missing FFP sub-domain data.

www.thelancet.com Vol 57 March, 2023
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Fig. 1: Study profile. (a) The number of participants included and reasons for exclusion. (b) Frailty domain proportions at 5 months. (c) Frailty
domain proportions at 5 months and 1 year, with movements between frailty domains shown.

Frequency and characteristics of Fried's frailty
phenotype

At 5 months following discharge, 572/2419 (23.7%) of
participants were robust, 1535/2419 (63.5%) were pre-
frail (one or two criteria), and 312/2419 (12.9%) of
participants were frail (three or more criteria) (Fig. 1b).
In participants with paired data (both 5 months and 1
year) proportions in each FFP group were similar to
those with data only at 5 months (Fig. 1b and c). At 1
year there was a significant improvement in frailty sta-
tus, with the proportion who were robust increasing to
616/1785 (34.5%) while the pre-frail and frail groups
reducing to 1046/1785 (58.6%) and 123/1785 (6.89%),
respectively (p < 0.001). Only a small proportion 54/
1138 (4.75%) of those who were pre-frail at 5 months
progressed to being frail at 1 year compared with 176/
240 (73.3%) of those who were frail at 5 months whose
phenotype improved to pre-frail or robust (Fig. 1c).

www.thelancet.com Vol 57 March, 2023

The demographics of participants in each FFP group
at 1 year are displayed in Table 1 highlighting that par-
ticipants living with frailty were significantly older (mean
age 63.9 [SD 12.3] years vs 60.2 [11.6] and 55.5 [12.2]
years [p < 0.001]) and more likely to have two or more
comorbidities (92/123 [74.8%] vs 620/1046 [58.6%] and
267/616 [43.3%] [p < 0.001]) than those in the pre-frail
and robust groups, respectively, at 1 year with similar
differences seen at 5 months except for sex which
showed that the proportion of frail and pre-frailty among
men was lower than women at 1 year (p = 0.008) but this
was not seen at 5 months (Supplementary Table ST2).

Frail participants were less likely to have been in
work before their COVID-19 illness (p < 0.001). Partic-
ipants in the frail and pre-frail groups had a longer
hospital stay than those who were not frail (p < 0.001).
The proportion of participants intubated and ventilated
was highest in the frail group (p < 0.001).
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Frailty status at 1 year Participants with both 5 month and 1 year data (n = 1785 [73.8%]) Participants with All study participants p value
Robust Pre-frail Frail All participants  p value ?nrzoen:;z F;Gt.az;’r]‘)ly (n = 2419 [100%))
N (%) 616 (34.5%) 1046 (58.6%) 123 (6.89%) 1785 (100%)
Age at admission (years) *¢ 555 122 602 116 639 123 58.8 121 <0.001 55.1 (13.7) 57.9 (12.6) <0.001
Body mass index (kg/m?)*> 325 8.07 326  7.59 336 812 326 779 0355 32.9 (8.57) 32.7 (7.99) 0.423
Length of hospital stay (days)® 7 4-14 8 4-17 10 6-24 8 4-16 <0.001 7 (4-13) 8 (4-15) 0.009
Sex 0.008 0.667
Female 215  (34.9%) 418 (40.0%) 60  (48.8%) 693 (38.8%) 240 (37.9%) 933 (38.6%)
Male 401  (65.1%) 628  (60.0%) 63  (51.2%) 1092 (61.2%) 394 (62.1%) 1486 (61.4%)
Ethnicity” 0.126 <0.001
White 483 (78.9%) 806 (77.1%) 87  (707%) 1376 (77.3%) 419 (66.9%) 1795 (74.6%)
South Asian 67 (10.9%) 97  (928%) 15  (12.2%) 179  (10.1%) 104 (16.6%) 283 (11.8%)
Black 33 (539%) 77 (7.37%) 9 (7.32%) 119 (6.69%) (8 63%) 173 (7.19%)
Mixed 11 (1.80%) 24  (230%) 2 (1.63%) 37  (2.08%) 5 (2.40%) 52 (2.16%)
Other 18 (2.94%) 41 (3.92%) 10 (8.13%) 69 (3.88%) 4 (5.43%) 103 (4.28%)
Number of co-morbidities <0.001 0.069
None 195 (31.7%) 211  (202%) 14  (11.4%) 420  (23.5%) 176 (27.8%) 596 (24.6%)
1 comorbidity 154 (25.0%) 215 (20.6%) 17  (13.8%) 386 (21.6%) 140 (22.1%) 526 (21.7%)
2+ comorbidities 267 (433%) 620 (593%) 92  (74.8%) 979  (54.8%) 318 (50.2%) 1297 (53.6%)
Working status before COVID-19 illness <0.001 0.633
Working full or part time® 362 (702%) 421  (47.8%) 36  (327%) 819  (54.3%) 274 (55.6%) 1093 (54.7%)
WHO cdlinical progression scale <0.001 0.079
WHO class 4 (no oxygen therapy) 93 (15.1%) 159 (152%) 17 (13.8%) 269 (15.1%) 123 (19.4%) 392 (16.2%)
WHO class 5 (oxygen by mask or 282 (45.8%) 427  (40.8%) 58 (47.2%) 767  (43.0%) 266 (42.0%) 1033 (42.7%)
nasal prongs)
WHO class 6 (oxygen by non-invasive 152 (24.7%) 259  (24.8%) 14 (11.4%) 425  (23.8%) 140 (22.1%) 565 (23.4%)
ventilation or high flow nasal oxygen)
WHO class 7-9 (admitted to ICU for 89  (14.4%) 201 (192%) 34  (27.6%) 324 (18.2%) 105 (16.6%) 429 (17.7%)
intubation and mechanical ventilation)
All n(%) except *Mean [SD] and Median [IQR]. Percentages are calculated by category after exclusion of missing data for that variable. “Missing data (age n < 5, body mass index n = 167, ethnicity n = 13,
working before COVID-19 illness n = 419).
Table 1: Baseline and hospital admission characteristics.

Risk factors associated with frailty post-
hospitalisation

Individual, clinically plausible risk factors for frailty
were identified at 5 months and 1 year (univariable
regression results Supplementary Table ST3). Duration
of hospitalisation had significant co-linearity with WHO
Clinical Progression Scale (Kendall’s tau-b = 0.57,
p < 0.001) and was excluded from the multivariable
model. There was no evidence of heteroscedasticity and
residuals were normally distributed.

Older age, the presence of two or greater comorbid-
ities, the requirement for intubation and ventilation at
the time of COVID illness, female sex and higher social
deprivation were all significant risk factors for the
presence of frailty at both 5 months and 1 year following
hospitalisation (Fig. 2 and Supplementary Table ST4).
Time since discharge was included as a co-variate in the
model and hospital site as a random effect. The risk
factors were similar at both time points.

Sensitivity analyses for these risk factors were
completed both for missing FFP sub-domains
(Supplementary Appendix; Supplementary Fig. SF5Db)

and among participant over the age of 65 years only
(Supplementary Appendix; Supplementary Fig. SF6D)
with similar risk factor patterns seen in both sub-groups.

Change in frailty status between 5 months and 1
year

Overall 534/1785 (29.9%) of individuals improved their
frailty status between 5 months and 1 year while 227/
1785 (12.7%) had a decline in their frailty status leaving
1024/1785 (57.4%) unchanged (p < 0.001) (Fig. 1c).
Whilst numerically the largest change was an improve-
ment between being pre-frail at 5 months to being
robust at 1 year, the highest proportional change from a
group at 5 months was among the frail group, where
176/240 (73.3%) of individuals were re-assessed as
either robust or pre-frail at 1 year.

To investigate the drivers of change in frailty status
over time, changes within the sub-domains were
explored: in both the pre-frail and frail groups the pro-
portion of people reporting unintentional weight loss
fell significantly between 5 months and 1 year (544/1138
[47.8%] vs 163/1046 [15.6%)] for pre-frail and 181/240
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Fig. 2: Risk factors for the presence of frailty at (a) 5 months and (b) 1 year following hospitalisation for COVID-19. Data presented are
odds ratios and 95% confidence intervals using multivariable ordinal regression. Numerical values are shown in Supplementary Table STS5.

[75.4%] vs 50/123 [40.7%] for frail groups, both
p < 0.001) (Fig. 3a and b).

The proportion of individuals meeting each FFP
domain are shown for those who improved (Fig. 3c and
d) and those who progressed (Fig. 3e and f). While
changes in improvers were most commonly due to a
reduction in unintentional weight loss, reduced rates of
weakness and slow walking speed were also seen,
particularly among those improving from the frail group
at 5 months.

Participants improving from being pre-frail at 5
months to robust at 1 year were younger (mean (SD) age
56.9 [SD 12.0] vs 60.4 [12.0] years [p < 0.001]), more
likely to have no co-morbidities (32.1% vs 18.7%
[p < 0.001]) and also more likely to be male (67.9% vs
59.4% [p = 0.006]) than those who remained pre-frail or
progressed to being frail.

Among individuals whose frailty status progressed
from pre-frail to frail (Fig. 3e) the most common two
domains that increased were low physical activity and
slowness, whereas for those who progressed from
robust to pre-frail (Fig. 3f) it was in the low physical
activity and weakness domains. Participants who pro-
gressed from being pre-frail to frail were older (mean
age 62.7 [SD 12.7] vs 59.1 [11.9] years [p = 0.030]),
a higher proportion were female (53.7% vs 37.2%
[p = 0.015])) and a lower proportion had no
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co-morbidities (9.3% vs 23.6% [p = 0.002]) than those
who remained pre-frail or who became robust by 1
year. Similarly, those who progressed from robust at 5
months to pre-frail or frail at 1 year were older (mean
age 57.0 [SD 11.3] vs 53.3 [11.8] years [p = 0.001]) and
had a lower BMI (mean BMI 31.56 [6.27] vs 33.49
[9.45] kg/m? [p = 0.023]) than those who remained
robust.

Further exploration of the factors that may have
driven changes in FFP status between 5 months and 1
year may be revealed within our sensitivity analysis by
acute illness (Supplementary Appendix; Supplementary
Fig. SF7a—c). Here, a similar proportion of participants
were classified as pre-frail at 5 months (56.9%, 65.4%,
65.9% and 62.7%) and 1 year (59.1%, 55.7%, 60.9% and
62.0%) across the four groups (WHO class 4, no sup-
plemental oxygen; WHO class 5, oxygen by mask or
nasal prongs; WHO class 6, oxygen by NIV or HENO;
WHO class 7-9, admitted to ICU for intubation and
mechanical ventilation). WHO class 6 has the lowest
proportion of participants being frail at 1 year (3.3%)
(Supplementary Fig. SF7c) while the smallest change in
frailty from 5 months to 1 year is seen in the least severe
WHO class 4 groups (Supplementary Appendix;
Supplementary Fig. SF7a). The largest reduction in the
proportion of frail participants was seen in the most
severe WHO class 7-9 group where this proportion fell
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Fig. 3: Frailty status. (a) Number of participants meeting criteria of each FFP sub-domain in those classified as pre-frail at 5 months and 1 year.
(b) Number of participants meeting criteria of each FFP sub-domain in those classified as frail at 5 months and 1 year. (c) Percent fall in
participants meeting criteria for each FFP sub-domain among those who improved from frail to either pre-frail or robust between 5 months and
1 year (n = 176). (d) Percent fall in participants meeting criteria for each FFP sub-domain among those who improved from pre-frail to robust
between 5 months and 1 year (n = 358). (e) Percent increase in participants meeting criteria for each FFP sub-domain among those who
progressed from pre-frail to frail between 5 months and 1 year (n = 54). (f) Percent increase in participants meeting criteria for each FFP sub-
domain among those who progressed from robust to either pre-frail or frail between 5 months and 1 year (n = 173). FFP=Fried’s Frailty
Phenotype.

from 23.5% at 5 months to 10.5% at 1 year and among participants aged over 65 years

(Supplementary Appendix; Supplementary Fig. SF7d). (Supplementary Appendix; Supplementary Fig. SF6a
Further sensitivity analyses for missing data  and b) were performed with similar patterns of frailty

(Supplementary Appendix; Supplementary Fig. SF5a—c) seen in these sub-groups to the full cohort.
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Health-related quality of life and self-reported
recovery from COVID-19

Individuals who were frail at 1 year had a lower health-
related quality of life (HRQoL), assessed using the
EQ5D-5L utility index, at each time point including prior
to their COVID-19 illness compared with those who
were pre-frail or robust (mean 0.680 [95% CI 0.058] vs
0.806 [0.015] and 0.889 [0.013], respectively). All groups
reported a significant fall in HRQoL from prior to
COVID at 5 months, which remained low at 1 year
(Fig. 4a) with those in the frail group falling significantly
more than those in the pre-frail and robust groups at
both 5 months (p = 0.004).

A minority of participants reported being fully
recovered following COVID-19 at 1 year in all FFP
groups though this was significantly lower among par-
ticipants living with frailty at 1 year with 19/114 (16.7%)
reporting feeling recovered compared with 265/912

(29.1%) in the pre-frail and 180/498 (36.1%) robust
groups at 1 year (p < 0.001) (Fig. 4b).

Discussion

In this study of hospitalised COVID-19 survivors we
show that both physical frailty and pre-frailty are com-
mon at 1 year following discharge, together remaining
present in two-thirds of participants. While some re-
covery is seen between 5 months and 1 year we identi-
fied that those least likely to recover were older, more
likely to be female, have been treated in ICU, have
multiple co-morbidities and live in an area with higher
levels of deprivation. Those who remain frail or pre-frail
at 1 year are more likely to report that they have not
recovered from their acute illness, while those who are
frail suffered a greater and more persistent fall in their
HRQoL from prior to hospitalisation for COVID-19.
Our data suggest reduced levels of physical activity are
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x 0.9
% \
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b \
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Fig. 4: HQQoL and recovery. (a) Change in HRQoL (assessed via EQ5D-5L Utility Index) from pre-COVID to 5 month and 1 year visits by frailty
status at 1 year. *Change from baseline to 5 months greater in the frail group than robust group p = 0.004. (b) Self-reported recovery at 1 year

visit, by frailty status at 1 year. HRQoL = health-related quality of life.
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a driver for at least some individuals with new or
persistent frailty. Although frailty is a concept usually
associated with adverse outcomes in older people, our
study population were predominantly working age
people with 55% working either full or part time prior to
their hospitalisation, emphasising that this high preva-
lence is likely to have an impact on income and eco-
nomic activity as well as disability and quality of life.

The burden of pre-frailty and frailty in this cohort is
significantly higher than in a similarly-aged population
from the UK Biobank, in which 38% were pre-frail and
3% frail.”* While hospitalised survivors of COVID-19 are
unlikely to be representative of the general population,
the true prevalence of frailty pre-COVID-19 in this
cohort is unknown. Patients with frailty are more likely
to be admitted to hospital, so are likely to comprise a
higher proportion of our population. However, survival
from severe illness is also lower in patients with frailty,°
potentially reducing the frequency of frailty in our
cohort, as attendance at 5 months was required. The
nature of our study design prevents a causal relationship
from being established, however the population repre-
sents a large sub-group identified as being at risk for
adverse health outcomes and thus who may benefit
from further risk stratification.

We were able to identify a number of independent
risk factors for the presence of physical frailty. These
point to a likely combination of probable pre-existing
frailty (suggested by older age, multiple co-morbidities
and higher social deprivation), with higher risk of
admission, as well as newly-acquired frailty following
COVID-19 (as suggested by the requirement for invasive
mechanical ventilation). The impact of admission to ICU
on longer-term function has been known for a number
of years,"”'* with significant muscle loss seen very rapidly
from admission.” It is therefore not surprising that
mechanical ventilation carried an acute risk for frailty
with over a quarter of participants in this group cat-
egorised as frail at 1 year following discharge. It is worth
noting that this association is less likely to be mediated
by pre-existing frailty, given that pre-existing frailty was a
criteria used for ICU rationing during COVID-19 in the
UK.??" Furthermore the finding that those admitted to
ICU had both the highest proportion of frailty at 1 year as
well as the highest proportion improving from the frail
category to the pre-frail or robust categories suggests that
this may be predominantly newly acquired frailty with
potential for a dynamic response during recovery and
further highlighting the role of the acute critical illness
in promoting frailty in this cohort as seen in other
studies.”? This could potentially be even more pro-
nounced in COVID-19 than other critical illnesses given
the long hospital stay and prolonged ventilation time
seen during the pandemic.” However, 80% of partici-
pants in this cohort did not require intubation and those
requiring supplemental oxygen represented the largest
proportion of frail participants at 1 year.

It is also important to consider the interaction of
both chronic state and the acute event. Our data suggest
that not only did those with frailty at 1 year have a lower
HRQoL before their COVID-19 illness, they also expe-
rienced the largest self-reported fall in this measure
between pre-COVID and both follow up timepoints.
This would fit with increased vulnerability to acute
stressors that underpins frailty, putting this group at a
high risk of worsening frailty.

Our analysis of the groups whose frailty status
changes between 5 months and 1 year suggest a role for
reduced physical activity in driving the development or
persistence of frailty in this cohort with those pro-
gressing from being robust to being pre-frail demon-
strating increased levels of low physical activity and
weakness whereas increased frequency of slow walking
speed is predominantly seen among those progressing
from being pre-frail to frail. This may suggest reduced
activity as a precursor to slower walking speed and the
development of frailty and potentially highlighting a
target for interventions to improve outcomes in this
cohort. Similarly, the participants whose FFP improved
during the follow up period showed a marked reduction
in low physical activity. Furthermore, the high propor-
tion of individuals with weakness and low physical ac-
tivity’® suggests that individuals in this cohort may have
a particular phenotype of pre-frailty and frailty that has
been shown to be associated with a poorer prognosis*
and who may benefit more from targeted exercise in-
terventions. Other potential mechanistic factors not
explored here but which have been seen in post-COVID
populations include prolonged inflammation® and both
persistent cardiac?® and respiratory damage?” all of which
may contribute to reduced physical performance and the
cycle of exhaustion and inactivity.

Among those that improved their frailty status, the
largest change in FFP domain was seen in a reduction
in unexplained weight loss. While weight may have
stabilised, or increased, between 5 months and 1 year it
is not known whether this represents change in either
muscle mass or fat mass. Given reports of lack of
functional improvement at 12 months,” this would
potentially suggest predominantly fat gain, which may
carry additional future risk.

There are well described benefits of carefully tailored
exercise and rehabilitation in addressing functional
deficit in patients with chronic disease?** and evidence
supporting the use of telerehabilitation following
COVID-19 is emerging.*® Given the pattern of reduced
exercise performance and strength in this cohort it is
possible that a similar benefit will be seen, though
ongoing studies seek to confirm this.”’ It is noteworthy
that concerns about post-exertional malaise in patients
who have not fully recovered from COVID-19 have been
raised.*

Our data highlight a large unmet need for the ma-
jority of patients who have been admitted to hospital
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with COVID-19. The high burden of both pre-frailty and
frailty with limited recovery between 5 months and 1
year demonstrates the need for healthcare follow-up
with a holistic assessment and potential for treatable
traits. While COVID-19 is a novel disease and has
resulted in unprecedented strain on healthcare systems,
longer-term assessment of its impact could use strate-
gies from other specialities that address multidimen-
sional aspects of health. For example, screening patients
with the Clinical Frailty Scale and then performing an
adapted Comprehensive Geriatric Assessment may be
appropriate” to help identify limitations and guide
therapies, though there may be practical limitations to
the widespread use of this in a clinical setting where
other surrogate measures such as the Timed Up and Go
or Sit to Stand tests may provide useful screening al-
ternatives.**** These therapies may need to address both
risk to future events, as well as patient-orientated goals.*

There are limitations to this study. The nature of
severe COVID-19 and the study design meant that it was
not possible to obtain objective measures of frailty prior
to the acute illness. We used the EQ5D-5L as a marker
of pre-illness HRQoL, though this was completed
retrospectively and may be subject to recollection bias.
We screened for the clinical frailty scale in the medical
records at the time of admission but this was docu-
mented in fewer than 15% of cases. We also used
patient-perceived recovery to understand individuals’
perceived baseline. Our use of the FFP model for
assessing frailty provides a robust, clinically relevant and
comparable measure of physical frailty over and above
solely functional measures of activities of daily living.
Although the original model was validated in a cohort of
older adults aged over 65 years,® multiple more recent
studies have validated its use in younger populations
and our sub-analysis of participants over 65 years sug-
gests similar risk factors remain applicable in that age
group.”’ Furthermore, the absence of comparison con-
trol groups either admitted to hospital for other reasons
or who suffered COVID-19 illness without hospital-
isation limits the assessment of causality. With regard to
the cohort reported in this analysis, conclusions can
only be drawn with the context of survivors of an
evolving pandemic illness for which acute treatments
changed during the course of the study. A “healthy
dropout” effect appears to have been present with
younger participants with a shorter duration of hospi-
talization being more likely to miss their 1 year study
assessment which also prevented the use of multiple
imputation in our modelling as missing data was un-
likely to be missing at random.

In summary, we have shown in our cohort that pre-
frailty and frailty are present in the majority of people
who have survived hospital admission from COVID-19
up to 1 year following discharge with evidence of re-
covery in some individuals from 5 months to 1 year.
Clinical assessment and development of proven
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interventions targeting the wider effects, including
frailty, are needed in this large patient group, both to
support those living with frailty and help prevent the
development of frailty among the large pre-frail group.
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