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Abstract
Background: Many coronavirus disease 2019 (COVID-19) survivors experi-
ence persistent symptoms, such as fatigue, dyspnea, and musculoskeletal
pain. However, less is known about the impact of COVID-19 on longer term
functional outcomes.
Objective: To evaluate patient-reported activity of daily living (ADL) function
and fatigue symptoms 30 days after hospitalization for COVID-19.
Design: Cross-sectional study.
Setting: Tertiary care university hospital.
Participants: Adults 18 years or older hospitalized for COVID-19 and survived
to 30 days after discharge.
Methods: A standardized telephone questionnaire was administered 30 days
after hospital discharge.
Main Outcome Measures: Ability to perform basic and instrumental ADLs and
fatigue symptoms severity (Patient-Reported Outcome Measurement Informa-
tion System [PROMIS] Fatigue Short Form 7a) were assessed by self-report.
Results: Participants (n = 55) were 22-95 years old. Compared to pre-COVID
hospitalization, 52% developed new difficulty and 6% new dependence with
performing basic ADLs (bADLs), 48% developed new difficulty and 11% new
dependence with instrumental ADLs (iADLs), and 69% experienced a clinically
significant worsening in their fatigue symptom severity. The average fatigue
symptom severity T-score before hospitalization was 44.2 � 7.4 and after hos-
pitalization was 54.5 � 9.8. In exploratory multivariate analyses, each addi-
tional COVID symptom at presentation was associated with a predicted
increase of 1.43 units (95% confidence interval [CI], 0.45–2.42) in the 30-day
fatigue symptom severity T-score, each additional day of hospitalization was
associated with an 1.2 times increased odds of worsening fatigue (95% CI,
0.98–1.5; p = .08), and each unit increase in baseline body mass index was
associated with 0.8 times decreased odds of new bADL or iADL dependence
at 30 days (95% CI, 0.65–0.99).
Conclusions: New functional impairments are common at 30 days after dis-
charge among survivors of hospitalization for COVID-19. Early rehabilitation,
advance care planning, and referrals to appropriate therapies should be consid-
ered in postacute COVID-19 care to maximize patients’ functional outcomes. How-
ever, ongoing research is still needed regarding management of these patients.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), was declared a global pandemic in March 2020
and has resulted in hundreds of millions of COVID-19 sur-
vivors1 and millions of individuals being hospitalized for
acute COVID-19.2 Hospitalization for an acute illness is a
key risk factor for the development of new physical dis-
ability and at least half of all physical disability in older
adults arises in the setting of an acute hospitalization.3 In
addition, long-term adverse effects on physical health and
function following acute COVID-19 are common.4,5

Symptoms, such as fatigue, dyspnea, or joint pain,
persisting beyond 4 weeks after acute infection are
referred to as postacute COVID-19 syndrome or post-
acute sequelae of SARS-CoV-2 infection (PASC) and
affect 35%–80% survivors of moderate or severe COVID-
19.4,5 Moreover, new functional impairment has been
observed among survivors of hospitalization for COVID-
19.4,6,7 However, detailed understanding of the nature
and extent of new functional deficits experienced by survi-
vors of hospitalization for COVID-19 is lacking.

Given the increasing number of survivors of hos-
pitalization for COVID-19, it is critical to have an
improved understanding of long-term functional out-
comes of hospitalization for COVID-19 in order to
clarify patients’ rehabilitation needs and inform devel-
opment of evidence-based interventions to prevent
new disability. The purpose of this study is to
describe key patient-reported functional outcomes
(performance of activities of daily living [ADLs]) and
fatigue symptoms 30 days after hospital discharge
among adult survivors of hospitalization for COVID-
19 and to explore potential risk factors for the these
adverse functional outcomes in these patients.

METHODS

Participants

A single-center cross-sectional analysis of data from
an observational cohort of adult survivors of hospitali-
zation for COVID-19 (N = 55) was performed from
April 2020 to April 2021. In order to be eligible for the
study, participants were 18 years or older and their
primary reason for hospitalization had to be COVID-
19 as determined by review of the medical records.
COVID-19 diagnosis was based on positive polymer-
ase chain reaction testing from a nasopharyngeal
swab. Individuals who tested positive for COVID-19
as part of routine screening but in whom COVID-19
was not felt to be the primary reason for hospitaliza-
tion were excluded. Individuals without English profi-
ciency or unable to provide informed consent and

prisoners were also excluded. The study was
approved by the institutional review board.

Primary measures

A standardized telephone questionnaire addressing
physical functioning and persistent symptoms was
administered 30 days after hospital discharge. The
Health Assessment Questionnaire-Disability Index
(HAQ-DI), a comprehensive, patient-oriented assess-
ment tool, was used to assess self-reported functional
status and general disability.8 The HAQ-DI along with
several additional questions queried participants on
their performance of basic activities of daily living
(bADLs) such as transferring, bathing, eating, dress-
ing, and toileting and instrumental activities of daily liv-
ing (iADLs) such as meal preparation, grocery
shopping, using the telephone, taking medications,
and managing finances. Participants were asked
whether they have any difficulty performing each task;
and if yes, how much difficulty they have (a little, some,
a lot, or unable to perform without help). Fatigue symp-
tom severity was assessed using the Patient-Reported
Outcome Measures Information System (PROMIS)
Fatigue Short Form 7a.9 PROMIS is a set of patient-
centered, precise, and validated assessment tools
developed by the National Institutes of Health used
across multiple conditions, including in COVID-19.10

Higher T-scores reflect more severe fatigue symptoms.
We also evaluated the proportions of patients whose
fatigue T-scores declined by the minimally important
difference (MID) of ≥5 points.11 Baseline scores for all
measures we obtained retrospectively at the time of
the 30-day telephone interview.

Other measures

Demographic information, including gender, ethnicity,
race, marital status, and socioeconomic status was
assessed by self-report. Past medical history, such as
prehospitalization comorbidities, was assessed by combi-
nation of self-report and review of the medical record.
Clinical information about the individual’s COVID-19 hos-
pitalization (eg, hospital length of stay, admission to the
intensive care unit [ICU], need for mechanical ventilation,
medications received) was collected by review of the
medical record. COVID-19 symptoms (eg, fatigue, dys-
pnea, joint pain, muscle pain) at the time of COVID-19
diagnosis and at 30 days after hospital discharge were
assessed by self-report. The FRAIL scale was used to
assess frailty status and includes five components
(fatigue, resistance, ambulation, illness, and loss of
weight). The scores range from 0-5 with 0 indicating
robust health status, 1-2 prefrail, and 3-5 frail.12 Anxiety
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TAB LE 1 Participant baseline and hospitalization characteristicsa

Male n = 26 (47%) Female n = 29 (53%) Total n = 55

Baseline characteristics

Age in years, mean � SD 67.7 � 14.1 51.4 � 16.9 59.1 � 17.5

Age ≥ 65 years 13 (50) 7 (24) 20 (36)

Female gender 0 29 (100) 29 (53)

Race

African American 7 (27) 4 (14) 11 (20)

American Indian, Alaska Native 0 1 (3) 1 (2)

Asian American 3 (12) 1 (3) 4 (7)

Native Hawaiian, Pacific Islander 1 (4) 2 (7) 3 (5)

White 15 (58) 20 (69) 35 (64)

Other 0 1 (3) 1 (2)

Hispanic ethnicity 3 (12) 6 (21) 9 (16)

Limited socioeconomic status (y/n) 4 (15) 2 (7) 6 (11)

BMI, mean � SDb 29.9 � 6.9 33.0 � 8.9 31.4 � 8.0

BMI < 25 10 (38) 4 (16) 14 (27)

BMI 25 to <30 2 (8) 5 (20) 7 (14)

BMI 30 to <40 13 (50) 12 (48) 25 (49)

BMI > 40 1 (4) 4 (16) 5 (10)

Comorbidities (y/n)

Falls in the last year 5 (19) 8 (28) 13 (24)

Non-skin cancer 7 (27) 3 (10) 10 (18)

Congestive heart failure 4 (15) 4 (14) 8 (15)

Coronary artery disease 8 (31) 4 (14) 12 (22)

Stroke 3(12) 1 (3) 4 (7)

Rheumatoid arthritis 3 (12) 0 3 (5)

Depression 1 (4) 6 (21) 7 (13)

Diabetes 7 (27) 11 (38) 18 (33)

Hypertension 12 (46) 6 (21) 18 (33)

Asthma/COPD 6 (23) 6 (21) 12 (22)

Renal impairment 5 (19) 6 (21) 11 (20)

FRAIL Scale score, mean � SD 0.7 � 0.9 0.8 � 1.1 0.8 � 1.0

Any basic or instrumental ADL difficulty 11 (44) 20 (69) 31 (56)

Any basic of instrumental ADL dependence 2 (8) 7 (24) 9 (16)

PROMIS Fatigue Short Form 7a score,
mean � SD

43.3 � 6.0 44.9 � 8.5 44.2 � 7.4

HAQ Disability Index score, mean � SD 0.2 � 0.4 0.3 � 0.5 0.3 � 0.4

HADS—Anxiety Subscale score, mean � SD 1.4 � 1.7 2.8 � 2.4 2.1 � 2.2

HADS—Depression Subscale score, mean � SD 3.3 � 2.2 3.5 � 2.8 3.4 � 2.5

Hospitalization characteristics

# of initial COVID symptoms (out of 23 possible),
mean � SD

4.5 � 2.1 5.8 � 2.8 5.2 � 2.6

Hospital length of stay in days, mean � SD 12.8 � 11.1 10.9 � 11.4 11.8 � 11.2

ICU admission (y/n) 13 (50) 10 (34) 23 (42)

ICU length of stay in days, mean � SD 7.1 � 6.0 5.8 � 4.3 6.5 � 5.3

Mechanical ventilation (y/n) 3 (12) 6 (21) 9 (16)

Days of mechanical ventilation, mean � SD 11.0 � 5.2 5.8 � 7.1 7.6 � 6.7

ECMO (y/n) 1 (4) 0 1 (2)

Days of ECMO, mean � SD 5.0 0 5.0

Vasopressor support (y/n) 4 (15) 5 (17) 9 (16)

(Continues)
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and depressive symptoms were assessed using the Hos-
pital Anxiety and Depression Scale (HADS),13 which is
composed of seven questions for anxiety and seven
questions for depression.

Statistical analysis

SAS version 9.4 (Cary, NC) was used to perform ana-
lyses. Descriptive analyses, stratified by gender, pro-
duced frequencies of patient and hospital variables
as numbers and percentages or means and
SD. Baseline and hospitalization variables included
age, gender, race, body mass index (BMI), presence
of comorbidities at admission (congestive heart failure,
coronary artery disease, diabetes, hypertension, asthma/
chronic obstructive pulmonary disease, and renal dis-
ease), number of COVID symptoms at hospital admission
(fever, diarrhea, cough, shortness of breath, loss of taste
or smell, fatigue, loss or lack of appetite, confusion, nau-
sea/vomiting, runny nose, congestion, hypoxia, chest
tightness/pain, voice change, sore throat, dizziness, mus-
cle pain, joint pain, trouble swallowing, headache, and
malaise), hospital length of stay, history of ICU admission,
ICU length of stay, need for mechanical ventilation, and
number of days of mechanical ventilation, need for vaso-
pressors, receipt of COVID-19-related medications
(remdesivir, dexamethasone, therapeutic anticoagula-
tion), inpatient physical therapy services received, and
discharge disposition. Baseline, prehospitalization func-
tional performance and symptom scores were compared
using descriptive statistics.

In addition, we used descriptive statistics to evalu-
ate the following outcomes at 30 days: (1) new (com-
pared to prehospitalization) difficulty with any bADL or
iADL, (2) new (compared to prehospitalization) depen-
dence with (unable to perform or needing help to per-
form) any bADL or iADL, (3) PROMIS Fatigue T-score,
and (4) worsening (compared to prehospitalization)
by at least the MID of the PROMIS Fatigue T-score.
The first two ADL-related outcomes were selected
because ADLs are representative of physical function,

and the third and fourth fatigue-related outcomes were
selected as variables because fatigue is also reflective
of physical function and is common in survivors of
COVID.

Lastly, in prespecified exploratory analyses, we
evaluated whether patient baseline and hospitaliza-
tion characteristics were associated with the ADL
and fatigue outcomes. For each outcome, exposures
with p ≤ .1 in univariate regression analyses were
included in multivariate regression analyses. Logistic
regression was used to estimate odds ratios and 95%
confidence intervals (95% CIs) for binary outcomes
and linear regression was used to estimate mean
parameter estimates and 95% CIs for continuous
outcomes.

RESULTS

Patient baseline and hospitalization
characteristics

A total of 87 individuals were eligible for the study but
17 could not be reached regarding participation, 11 indi-
viduals declined to participate, and 4 individuals provided
consent but were lost to follow up before 30-day out-
comes data could be collected. Thus, a total of 55 partici-
pants were included in the study (Table 1). Twenty-nine
(53%) were female, 26 (47%) were male. Ages ranged
from 22-95 (mean 59.1 � .17.5) years. Thirty-five (64%)
were White and 11 (20%) were African American. Eleven
percent reported a limited socioeconomic status. The
most common preexisting comorbidities were hyperten-
sion (33%), diabetes (33%), and falls within the last year
(24%). At baseline, 23 (42%) were prefrail/frail, 31 (56%)
had difficulty with ADLs. Average BMI (�SD) was
31.4 � 8.0.

The mean hospital length of stay was 11.8 �
11.2 days. Twenty-three participants (42%) required ICU
admission, with the average length of ICU stay 6.5 �
5.3 days. Nine patients (16%) were mechanically venti-
lated and 29 (53%) were treated with dexamethasone.

TAB LE 1 (Continued)

Male n = 26 (47%) Female n = 29 (53%) Total n = 55

Dexamethasone (y/n) 15 (58) 14 (48) 29 (53)

Therapeutic anticoagulation (y/n) 3 (12) 0 3 (5)

Remdesivir (y/n) 17 (65) 12 (41) 29 (53)

Received any PT/OT/SLP (y/n), n(%) 12 (46) 12 (41) 24 (44)

Discharged to ARF/SNF (y/n), n(%) 1 (4) 2 (7) 3 (6)

Abbreviations: ADL, activities of daily living; ARF, acute rehabilitation facility; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ECMO,
extracorporeal membrane oxygenation; HADS, Hospital Anxiety and Depression Scale; HAQ, Health Assessment Questionnaire; ICU, intensive care unit; OT,
occupational therapy; PROMIS, Patient-Reported Outcome Measures Information System; PT, physical therapy; SLP, speech language pathology; SNF, skilled
nursing facility.
aValues are n(%) unless otherwise specified.
bNote: four people are missing BMI because height was missing.
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Twenty-four patients (44%) received any physical ther-
apy, occupational therapy, and speech-language therapy
during admission. Three patients (6%) were discharged
to an acute rehabilitation facility or skilled nursing facility.

Patient-reported functional outcomes at
30 days after COVID-19 hospitalization
discharge

At 30 days posthospitalization, 28 (52%) patients had
at least one new difficulty and 3 (6%) had at least one

new dependence with bADLs (Table 2), with diffi-
culty/dependence with transferring being the most
common. Twenty-six (48%) had at least one new
iADL difficulty and 6 (11%) had at least one new iADL
dependence, with grocery shopping being the most
common area of difficulty or dependence. Overall,
31 (57%) of participants had at least one new diffi-
culty with either bADLs or iADLs. The average
PROMIS fatigue score increased from 44.2 � 7.4 at
baseline (Table 1) to 54.5 � 9.8 at 30 days post-
hospitalization, with 38 (69%) individuals with a sig-
nificant worsening.

TAB LE 2 Activities of daily living and fatigue outcomes 30 days after discharge from COVID-19 hospitalizationa

Male n = 26 (47%) Female n = 29 (53%) Total N = 55

Basic activities of daily living (bADLs)b

Newc difficulty with any bADL 11 (44) 17 (59) 28 (52)

Transferring 8 (32) 13 (45) 21 (39)

Bathing/showering 7 (28) 10 (34) 17 (31)

Eating 1 (4) 2 (7) 3 (6)

Dressing 7 (28) 9 (31) 16 (30)

Toileting 4 (16) 3 (10) 7 (13)

Newc dependence with any bADL 1 (4) 2 (7) 3 (6)

Transferring 1 (4) 2 (7) 3 (6)

Bathing/showering 0 0 0

Eating 0 0 0

Dressing 0 0 0

Toileting 0 0 0

Instrumental activities of daily living (iADLs)

Newc difficulty with any iADL 8 (32) 18 (62) 26 (48)

Preparing meals 3 (12) 12 (41) 15 (28)

Grocery shopping 5 (20) 15 (52) 20 (37)

Using telephone 2 (8) 4 (14) 6 (11)

Taking medications 3 (12) 3 (10) 6 (11)

Managing finances 3 (12) 2 (7) 5 (9)

Newc dependence with any iADL 1 (4) 5 (17) 6 (11)

Preparing meals 0 1 (3) 1 (2)

Grocery shopping 1 (4) 5 (17) 6 (11)

Using telephone 0 0 0

Taking medications 0 0 0

Managing finances 0 0 0

Newc difficulty with any bADLs OR iADLs 11 (44) 20 (69) 31 (57)

Newc dependence with any bADLs OR iADLs 2 (8) 7 (24) 9 (17)

PROMIS Fatigue Short Form 7a

Score, mean � SD 51.6 � 7.6 57.0 � 11.0 54.5 � 9.8

Newc significant worseningd 18 (69) 20 (69) 38 (69)

Note: MID for PROMIS Fatigue Short Form 7a = 5.11

Abbreviations: MID, minimally important difference; PROMIS, patient-reported outcome measures information system.
aValues are n(%) unless otherwise specified.
bOne man was missing ADL assessments.
cNew = Compared to prehospitalization baseline.
dSignificant worsening is defined as worsening from baseline to follow-up ≥ minimally important difference.
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TAB LE 3 Odds ratios (for binary outcomes), parameter estimates (from continuous outcomes), and p values from univariate regression
analyses between exposure variables and patient-reported functional outcomes 30 days after discharge from COVID-19 hospitalization

New difficulty with
any bADLs OR
iADLs

New dependence
with any bADLs OR
iADLs

PROMIS Fatigue Short
Form 7a Score
(continuous)

New worsening of the MID
on PROMIS Fatigue Short
Form 7a

Value reported OR OR B-coeff OR

Age (continuous) 1 (0.97-1.03) 1.01 (0.97-1.05) �0.08 (�0.23-0.07) 0.98 (0.95-1.02)

Age ≥ 65 vs. age < 65 0.74 (0.24-2.28) 0.91 (0.2-4.12) �3.39 (�8.9-2.12) 0.36 (0.11-1.18)*

Female gender 2.83 (0.93-8.62)* 3.66 (0.68-19.56) 5.4 (0.22-10.57)** 0.99 (0.31-3.11)

Non-white vs. white race 1.44 (0.46-4.54) 0.91 (0.2-4.12) 0.46 (�5.13-6.05) 2.36 (0.65-8.61)

Limited socioeconomic
status

1.56 (0.26-9.32) — 0.47 (�8.15-9.09) 2.42 (0.26-22.51)

Body mass index,
continuous

1.02 (0.95-1.1) 0.9 (0.79-1.02)* 0.05 (�0.31-0.41) 1.02 (0.94-1.11)

Congestive heart failure 2.52 (0.46-13.83) 0.68 (0.07-6.31) 0.37 (�7.26-7.99) 1.41 (0.25-7.8)

Coronary artery disease 1.05 (0.29-3.85) — �2.8 (�9.26-3.67) 0.54 (0.14-2.04)

Diabetes 1.09 (0.34-3.49) 1.11 (0.24-5.08) 2.1 (�3.59-7.8) 0.85 (0.25-2.83)

Hypertension 0.77 (0.24-2.44) — �4.74 (�10.32-0.84)* 0.58 (0.18-1.92)

Asthma, chronic obstructive
pulmonary disease

1.39 (0.35-5.44) 1.14 (0.2-6.47) 1.8 (�4.69-8.29) 2.68 (0.52-13.84)

Renal disease 0.86 (0.23-3.28) 0.44 (0.05-3.93) �2.08 (�8.77-4.62) 0.28 (0.07-1.09)*

FRAIL score (cont.) 1.46 (0.81-2.63) 1.07 (0.53-2.17) 1.01 (�1.59-3.62) 0.63 (0.36-1.08)*

Any difficulty with basic OR
instrumental ADLs at
baseline

1.26 (0.4-3.98) 1 (0.22-4.56) �1.52 (�7.3-4.26) 0.29 (0.09-0.96)**

Health Assessment
Questionnaire score at
baseline

3.39 (0.72-15.86) 1.58 (0.33-7.52) 2.59 (�3.81-8.99) 0.28 (0.07-1.1)*

Patient-Reported Outcome
Measures Information
System Fatigue Score
at baseline

1.05 (0.97-1.13) 1.08 (0.98-1.19) 0.53 (0.2-0.87)*** 0.94 (0.86-1.02)

HADS Anxiety baseline 1.25 (0.96-1.63)
p = .10

1.62 (1.09-2.42)** 1.47 (0.27-2.67)** 0.95 (0.73-1.24)

HADS Depression baseline 1.29 (0.97-1.7)* 1.27 (0.98-1.66)* 0.89 (�0.18-1.96)* 1.01 (0.8-1.27)

# of initial COVID
symptoms (cont.)

0.98 (0.79-1.21) 1.35 (1-1.81)* 1.52 (0.54-2.49)*** 1.33 (1.01-1.74)**

Hospital length of stay in
days

1.01 (0.96-1.07) 1.02 (0.97-1.08) 0.11 (�0.13-0.35) 1.15 (1.01-1.3)**

ICU admission (y/n) 0.5 (0.17-1.52) 1.09 (0.26-4.63) �0.9 (�6.34-4.55) 5.18 (1.28-21.02)**

ICU length of stay in daysa 0.97 (0.86-1.09) 1.04 (0.91-1.2) 0.08 (�0.5-0.66) 1.24 (0.97-1.59)*

Mechanical ventilation (vs.
not)

0.43 (0.09-2.05) 1.66 (0.26-10.44) 3.03 (�4.18-10.25) 1.68 (0.28-10.11)

Days of mechanical
ventilation1

0.94 (0.82-1.09) 1.08 (0.93-1.25) 0.34 (�0.37-1.04) 1.28 (0.81-2.02)

Vasopressor support 0.91 (0.22-3.86) 0.58 (0.06-5.3) �1.51 (�8.76-5.75) 4.27 (0.49-37.2)

Dexamethasone 0.53 (0.18-1.58) 0.7 (0.17-2.95) �1.73 (�7.09-3.63) 1.96 (0.62-6.27)

Abbreviations: ADL, activities of daily living; bADL, basic activities of daily living; HADS, Hospital Anxiety and Depression Scale; iADL, instrumental activities of daily
living; ICU, intensive care unit; MID, minimally important difference; OR, odds ratio.
aPeople without ICU admissions or mechanical ventilation counted as having 0 days in these models.
*p ≤ .1.
**p ≤ .05.
***p ≤ .01.
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Exploratory regression analyses of
potential risk factors for adverse functional
outcomes at 30 days after COVID-19
hospitalization discharge

Univariate regression analyses between exposure vari-
ables and patient-reported functional outcomes at
30 days after discharge from COVID-19 hospitalization
are shown in Table 3. Females showed a trend toward
higher odds of having new difficulty (odds ratio [OR],
2.83; 95% CI, 0.93-8.62) or new dependence (OR,
3.66; 95% CI, 0.68-19.56) at 30 days but these did not
reach statistical significance. Relative to males,
females scored 5.4 (95% CI, 0.22-10.57) T-score points
higher for PROMIS fatigue at 30 days. Participants with

a higher number of initial COVID-19 symptoms had
greater odds of new dependence with ADLs (OR, 1.35;
95% CI, 1-1.81; p = .05), significant worsening of
fatigue (OR, 1.33; 95% CI, 1.01-1.74; p = .04), and a
higher fatigue score by 1.52 points (95% CI, 0.54-2.49)
compared to those with a lower number of symptoms.
Higher baseline anxiety and depression levels also
trended toward greater odds of new difficulty or depen-
dence with ADLs and greater fatigue scores. Longer
hospital length of stay and admission to the ICU
increased odds of worsening fatigue (OR, 1.15; 95%
CI, 1.01-1.3; p = .03 and OR, 5.18; 95% CI, 1.28-
21.02; p = .02 respectively).

Results of multivariate regression analyses are
shown in (Table 4). Multivariable model 1 evaluated the

TAB LE 4 Odds ratios (for binary outcomes), parameter estimates (from continuous outcomes) and p values from multivariate regression
analyses between exposure variables and patient-reported functional outcomes 30 days after discharge from COVID-19 hospitalizationa

Model 1 Model 2 Model 3 Model 4

New difficulty with
basic OR
instrumental ADL

New dependence with
basic OR
instrumental ADL

PROMIS Fatigue Short
Form 7a Score
(continuous)

New worsening of the
MID on PROMIS Fatigue
Short Form 7a

Age ≥ 65 — — — 1.3 (0.2-7.2)

Female vs. male 2.6 (0.8-8.9) — 1.48 (�3.51-6.46) —

Body mass index (cont.) — 0.80 (0.65–0.99)** — —

Hypertension (y/n) — — �5.0 (�10.3, 0.24)* —

Renal disease (y/n) — — — 0.3 (0.03-2.8)

Frail score (cont.) — — — 0.5 (0.2-1.7)

# of initial symptoms
(cont.)

— 1.27 (0.86-1.88) 1.43 (0.45, 2.42)*** 1.3 (0.9-2.0)

Any difficulty with basic
OR instrumental ADLs
at baseline (y/n)

— — — 0.4 (0.1-3.4)

Health Assessment
Questionnaire score at
baseline (cont.)

— — — 1.7 (0.1-29.5)

Patient-Reported
Outcome Measures
Information System
Fatigue score at
baseline (cont.)

— — 0.60 (0.22, 0.98)*** —

HADS anxiety baseline
(continuous)

1.1 (0.8-1.5) 1.52 (0.86-2.68) �0.45 (�1.81, 0.90) —

HADS depression
baseline (continuous)

1.3 (0.9-1.8) 1.38 (0.92-2.07) 0.24 (�0.80, 1.29) —

Hospital length of stay in
days (cont.)

— — — 1.2 (0.98–1.5)*

ICU admission (y/n) — — — 2.5 (0.3-24.0)

ICU length of stay in days
(cont.)b

— — — 0.9 (0.7-1.2)

Abbreviations: ADL, activities of daily living; HADS, Hospital Anxiety and Depression Scale; ICU, intensive care unit; MID, minimally important difference.
aVariable with p < 0.1 in univariate models were included in the multivariable models.
bPeople without ICU admissions or mechanical ventilation counted as having 0 days in these models.
*p ≤ .1.
**p ≤ .05.
***p ≤ .01.
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association of female gender, baseline HADS anxiety
score, and baseline HADS depression score with new
bADL or iADL difficulty, none of which were found to be
statistically significantly associated with the outcome. In
Model 2, higher BMI was associated with a lower odds
of new bADL or iADL dependence (OR, 0.80; 95% CI,
0.65-0.99; p = .04) when controlling for number of initial
symptoms and HADS anxiety and depression scales. In
Model 3, each additional COVID symptom at presenta-
tion was associated with an increase of 1.43 T-score
points (95% CI, 0.45, 2.42; p = .005) for 30-day
PROMIS Fatigue, when adjusting for gender, history of
hypertension, baseline PROMIS Fatigue score, and
baseline HADS anxiety and depression scores. Simi-
larly, each unit increase in the baseline PROMIS fatigue
T-score was associated with an 0.60 T-score point
increase (95% CI, 0.22–0.98; p = .003) in the 30-day
PROMIS fatigue score, when adjusting for these same
covariates. Lastly, in Model 4 each additional day of
hospitalization was associated with 1.2 times increased
odds (95% CI, 0.98–1.5; p = .08) of worsening fatigue,
when controlling for covariates.

DISCUSSION

In this study, we assessed patient-reported functional
outcomes and symptoms 30 days after hospital dis-
charge among adult survivors of hospitalization for
COVID-19 and found decreased ADL function and
increased fatigue to be common. The trends from our
study are similar to those of the general population of
acute lung injury survivors14 in that persistent impairment
in physical and cognitive function can occur after recov-
ery from their critical illness. In acute lung injury, critical
illness itself was found to be an independent risk factor
for the physical and cognitive functional decline.14 Fur-
thermore, prior coronavirus outbreaks, specifically the
SARS epidemic of 2003 and the Middle East respiratory
syndrome outbreak of 2012, have also demonstrated
these lingering effects, lasting from months to years.15-17

Based on these patterns, it is not surprising that survivors
of hospitalization for COVID-19 experience persistent
physical and cognitive functional impairments.

The majority of adults (57%) reported increased dif-
ficulty performing any bADL or iADL tasks 30 days after
discharge from hospitalization for COVID-19. Our find-
ings demonstrate how common ADL disability is and
the continuum of disability experienced by COVID-19
survivors. New dependence (ie, requiring help from
another person) with bADLs or iADLs was seen in 17%
of participants. Together, the assessment of ADL diffi-
culty and dependence has been demonstrated to com-
plement each other and better depict disability than
when evaluating ADL dependence alone.18

In exploratory analyses we aimed to explore potential
patient- or illness-related characteristics that may be risk

factors for ADL disability and fatigue in these patients.
There was an association noted between higher BMI
and lower risk of new dependence with bADL or iADLs
but there were no other clear predictors for ADL disability
in this cohort. This hypothesis-generating finding is
unexpected and may reflect selection bias, residual con-
founding, and/or random chance given the relatively
small sample size. Further studies are needed to clarify
the relationship between BMI and risk of ADL depen-
dence after hospitalization for COVID-19.

Fatigue has been identified as one of the most com-
mon post-COVID symptoms.5,6,19 In this cohort, an
increased number of initial COVID symptoms was
associated with an increased PROMIS fatigue score at
30 days. A longer hospital length of stay trended toward
an association with significant worsening of fatigue,
though the association did not achieve statistical signifi-
cance. A lower fatigue score at baseline was also asso-
ciated with higher fatigue score at 30 days post-COVID
hospitalization. Although these hypothesis-generating
associations should be interpreted with caution and fur-
ther, larger studies are needed, these observations are
consistent with the existing literature. Others have
shown that a strong predictor of risk of developing post-
acute COVID, or PASC, is greater number of COVID-
19 symptoms at presentation19 and that the severity of
illness during acute COVID-19 is significantly associ-
ated with ongoing dyspnea, fatigue, weakness, and
reduction in quality of life.6,20

Age ≥ 65 years has been identified as one of the
strongest predictors of hospitalization, disease severity,
and mortality in COVID-19.21 In exploratory univariate
analyses, age ≥ 65 years, compared to age 18-64 years,
was not statistically significantly associated any of the
ADL or fatigue outcomes assessed (Table 3). Thus, our
data suggest that all adults, regardless of age, are at risk
for prolonged, clinically significant functional impairment
following hospitalization for COVID-19.

This study has certain limitations. The sample size
was relatively small, which may have limited our ability to
detect significant associations. Findings may or may not
generalize to patients with milder COVID-19 who did not
require hospitalization. In addition, although patients were
hospitalized at three different hospitals within the hospital
system, this remains a single-center study. Participants
were required to be proficient in English and thus the
study may have excluded individuals of lower socioeco-
nomic statuses. There is the potential for recall bias as
participants were asked to report their baseline functional
status retrospectively. These data highlight the 30-day
outcomes of post-COVID patients but the full trajectory of
their functional recovery cannot be determined from these
results and further research is required. Nevertheless, the
study has several strengths, including a racially and ethni-
cally diverse patient sample, systematic and detailed
assessment of key patient-reported physical function out-
comes at 30 days after hospitalization for COVID-19, and
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inclusion of detailed clinical information from patients’
COVID-19 hospitalization.

Functional decline or the loss of independence in
mobility, ADLs, and iADLs, can have a significant
adverse effect on an individual’s quality of life and over-
all well-being.22

Given the significant impact of postacute COVID, or
PASC, on physical function, these patients will likely
benefit from ongoing medical care and a comprehen-
sive rehabilitation program. Although little evidence
exists supporting specific treatment approaches to
improve functional outcomes after COVID-19, we argue
that early rehabilitation, advance care planning, and
referrals to appropriate therapies are critically important
for all patients following hospitalization for COVID-19 in
order to maximize functional outcomes.

CONCLUSION

New functional impairment, assessed as performance
of basic and instrumental ADLs and fatigue symptoms
severity, is common at 30 days after discharge among
survivors of hospitalization for COVID-19. Early rehabil-
itation, advance care planning, and referrals to appro-
priate therapies should be considered in postacute
COVID-19 care in order to maximize patients’ func-
tional outcomes. However, ongoing research is still
needed regarding management of these patients.

DISCLOSURES
Dr Andrews indicates grants from the National Insti-
tutes of Health (K23AG058756) and National Insti-
tute of Aging (K23AG058756-03S2) outside the
submitted work.

ORCID
Evelyn S. Qin https://orcid.org/0000-0001-9618-2766
Laura S. Gold https://orcid.org/0000-0002-4289-5231
Aaron E. Bunnell https://orcid.org/0000-0001-8673-
1231
James S. Andrews https://orcid.org/0000-0003-2302-
4358

REFERENCES
1. Worldometer COVID-19 Coronavirus Pandemic. 2021. Accessed

April 26, 2021. www.worldometers.info/coronavirus/?zarsrc=130.
2. Roser MR, Ortiz-Ospina, E; Hasell, J. COVID-19 Hospitaliza-

tions. 2021. Accessed April 29, 2021. https://ourworldindata.org/
covid-hospitalizations.

3. Covinsky KE, Pierluissi E, Johnston CB. Hospitalization-
associated disability: “she was probably able to ambulate, but
I’m not sure”. Jama. 2011;306(16):1782-1793.

4. Chopra V, Flanders SA, O’Malley M, Malani AN, Prescott HC.
Sixty-day outcomes among patients hospitalized with COVID-
19. Ann Intern Med. 2021.174(4):576–578.

5. Carfi A, Bernabei R, Landi F, Gemelli Against C-P-ACSG. Per-
sistent symptoms in patients after acute COVID-19. Jama. 2020;
324(6):603-605.

6. Huang C, Huang L, Wang Y, et al. 6-month consequences of
COVID-19 in patients discharged from hospital: a cohort study.
Lancet. 2021;397(10270):220-232.

7. Jacobson KB, Rao M, Bonilla H, et al. Patients with uncompli-
cated COVID-19 have long-term persistent symptoms and func-
tional impairment similar to patients with severe COVID-19: a
cautionary tale during a global pandemic. Clin Infect Dis. 2021;
73:e826-e829.

8. Smarr KL, Keefer AL. Measures of depression and depressive
symptoms. Arthritis Care Res (Hoboken). 2020;72(Suppl 10):
608-629.

9. Lai JS, Cella D, Choi S, et al. How item banks and their applica-
tion can influence measurement practice in rehabilitation medi-
cine: a PROMIS fatigue item bank example. Arch Phys Med
Rehabil. 2011;92(10 Suppl):S20-S27.

10. Cella D, Riley W, Stone A, et al. The patient-reported outcomes
measurement information system (PROMIS) developed and
tested its first wave of adult self-reported health outcome item
banks: 2005-2008. J Clin Epidemiol. 2010;63(11):1179-1194.

11. Yost KJ, Eton DT, Garcia SF, Cella D. Minimally important differ-
ences were estimated for six patient-reported outcomes mea-
surement information system-cancer scales in advanced-stage
cancer patients. J Clin Epidemiol. 2011;64(5):507-516.

12. Morley JE, Malmstrom TK, Miller DK. A simple frailty question-
naire (FRAIL) predicts outcomes in middle aged African Ameri-
cans. J Nutr Health Aging. 2012;16(7):601-608.

13. Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand. 1983;67(6):361-370.

14. Hough CL, Herridge MS. Long-term outcome after acute lung
injury. Curr Opin Crit Care. 2012;18(1):8-15.

15. Ahmed H, Patel K, Greenwood DC, et al. Long-term clinical out-
comes in survivors of severe acute respiratory syndrome and
Middle East respiratory syndrome coronavirus outbreaks after
hospitalisation or ICU admission: a systematic review and meta-
analysis. J Rehabil Med. 2020;52(5):jrm00063.

16. Tansey CM, Louie M, Loeb M, et al. One-year outcomes and
health care utilization in survivors of severe acute respiratory
syndrome. Arch Intern Med. 2007;167(12):1312-1320.

17. Hui DS, Joynt GM,Wong KT, et al. Impact of severe acute respiratory
syndrome (SARS) on pulmonary function, functional capacity and
quality of life in a cohort of survivors. Thorax. 2005;60(5):401-409.

18. Gill TM, Robison JT, Tinetti ME. Difficulty and dependence: two
components of the disability continuum among community-living
older persons. Ann Intern Med. 1998;128(2):96-101.

19. Nalbandian A, Sehgal K, Gupta A, et al. Post-acute COVID-19
syndrome. Nat Med. 2021;27:601-615.

20. Halpin SJ, McIvor C, Whyatt G, et al. Postdischarge symptoms
and rehabilitation needs in survivors of COVID-19 infection: a
cross-sectional evaluation. J Med Virol. 2021;93(2):1013-1022.

21. Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19
disproportionately affect older people? Aging (Albany NY). 2020;
12(10):9959-9981.

22. Grassi L, Caruso R, Da Ronch C, et al. Quality of life, level of
functioning, and its relationship with mental and physical disor-
ders in the elderly: results from the MentDis_ICF65+ study.
Health Qual Life Outcomes. 2020;18(1):61.

How to cite this article: Qin ES, Gold LS,
Hough CL, et al. Patient-reported functional
outcomes 30 days after hospitalization for
COVID-19. PM&R. 2022;14(2):173-182. doi:
10.1002/pmrj.12716

QIN ET AL. 181

https://orcid.org/0000-0001-9618-2766
https://orcid.org/0000-0001-9618-2766
https://orcid.org/0000-0002-4289-5231
https://orcid.org/0000-0002-4289-5231
https://orcid.org/0000-0001-8673-1231
https://orcid.org/0000-0001-8673-1231
https://orcid.org/0000-0001-8673-1231
https://orcid.org/0000-0003-2302-4358
https://orcid.org/0000-0003-2302-4358
https://orcid.org/0000-0003-2302-4358
http://www.worldometers.info/coronavirus/?zarsrc=130
https://ourworldindata.org/covid-hospitalizations
https://ourworldindata.org/covid-hospitalizations
info:doi/10.1002/pmrj.12716


CME Question

Among adult survivors of hospitalization for
COVID-19, the strongest predictors of risk of
worsening fatigue and/or decreased ADL func-
tion at 30 days after discharge are all of the fol-
lowing except:
a. Increased days of hospitalization
b. Increased number of initial COVID

symptoms
c. Increased Body Mass Index
d. Increased baseline PROMIS fatigue T-score

units
Answer online at https://onlinelearning.aapmr.
org/

This journal-based CME activity is desig-
nated for 1.0 AMA PRA Category 1 Credit
and can be completed online at https://
onlinelearning.aapmr.org/. This activity is
FREE to AAPM&R members and available to
nonmembers for a nominal fee. CME is
available for 3 years after publication date.
For assistance with claiming CME for this
activity, please contact (847) 737–6000.
All financial disclosures and CME information
related to this article can be found on the Online
Learning Portal (https://onlinelearning.aapmr.
org/) prior to accessing the activity.
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