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Abstract

Rationale: Data on longitudinal recovery after hospitalization
for coronavirus disease (COVID-19) currently remain scarce, just
as outcomes beyond 3 months of follow-up do.

Objectives: To evaluate the sequelae up to 6 months after
hospitalization for COVID-19 by considering 1) recovery as it
relates to pulmonary function, radiological abnormalities, physical
and mental health status, and health-related quality of life (HR-
QoL) and 2) the predictors of the most clinically relevant sequelae.

Methods: Patients were evaluated at 6 weeks, 3 months, and 6
months after hospitalization by using pulmonary function testing,
radiological evaluation, and online questionnaires on the physical
and mental health status and HR-QoL. Outcomes were analyzed
using repeated-measurement analyses.

Results: Ninety-two patients were included (mean age, 58.26 12.3
yr; 58 [63.0%] men). The estimated percentage of patients with

impaired forced vital capacity improved from 25% at 6 weeks to
11% at 6 months; for impaired diffusion capacity, this percentage
improved from 63% to 46%. Radiologically, ground-glass opacity
decreased but fibrosis persisted. The majority of patients (89.1%)
still reported one or more symptoms 6 months after discharge.
Fatigue decreased significantly over time (P= 0.006). Nonetheless,
fatigue remained in 51% of the patients at 6 months. HR-QoL
(nearly) normalized in most domains at 6 months, except for
physical role functioning, with persistent fatigue and the length of
hospitalization being the most important predictors.

Conclusions: During the first 6 months after hospitalization for
COVID-19, most patients demonstrated continuing recovery
across all health domains, but persistent sequelae were frequent.
Fatigue was the most frequent residual and persistent symptom up
to 6 months after hospitalization, importantly impacting HR-QoL.
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The coronavirus disease (COVID-19)
pandemic overwhelmed the world in 2020,
and the pandemic is still ongoing, affecting
millions of people. Infection with COVID-19
in humans is associated with respiratory
symptoms that range from very mild
symptoms to severe bilateral pneumonia. In
5–14% of patients, the infection is severe,
requiring oxygen supplementation or even
prolonged ventilatory support (1, 2).
Progressive respiratory failure is the primary
cause of death after COVID-19 infection,
with overall hospital mortality being
approximately 15–20% (2).

Knowledge on the sequelae of the
COVID-19 infection is still scarce. However,
it becomes increasingly clear that up to 10%
of patients experience persistent symptoms 3
months after infection or even longer (3).
These numbers are even higher (approaching
50%) in patients who were more severely
affected, such as those who survived
hospitalization, with dyspnea and fatigue
being the most prevalent symptoms (4). In
addition, impaired mental health (including
anxiety, depression, post-traumatic stress,
and cognitive dysfunction) and health-
related quality of life (HR-QoL) have been
reported (5, 6).

Because persistent symptoms and
impairment of pulmonary function are
known to last for months or even years in
survivors from other coronavirus
pneumoniae (severe acute respiratory
syndrome [SARS] andMiddle East
respiratory syndrome) (7, 8), we hypothesize
that there are long-lasting sequelae from
COVID-19 as well and that there is a relation
between the severity of COVID-19 and
outcomes.

However, longitudinal data on recovery
after hospitalization for COVID-19 remain
scarce, just as outcomes beyond 3months of
follow-up (FU) do (9–11). Moreover, it is
unclear to what extent patients suffer from
persistent pulmonary sequelae, especially in
the mid to long term, and how
hospitalization for COVID-19 affects the
physical and mental health status and
HR-QoL. Early reports indicate that at
discharge after hospitalization for COVID-19,
a considerable proportion of patients had
impaired pulmonary function, especially
reduced diffusion capacity (47%) (12).
Similarly, at 3 months of FU, restrictive
defects (7–13%), diffusion impairment
(24–34%), and development of pulmonary
fibrosis (19–26%) have been reported and are
more frequent after critical COVID-19

(6, 11, 13, 14). Recently, similar numbers of
persistent pulmonary function impairment
and residual radiological abnormalities at 6
and 12months after hospitalization were
reported, but whether recovery over time
occurs and to what extent remains unclear
(9–11).

Given the lack of long-term longitudinal
data on recovery after hospitalization for
COVID-19, we aimed to evaluate 1) recovery
as it relates to pulmonary function,
radiological abnormalities, physical and
mental health status, and HR-QoL over time
up to 6 months after hospitalization for
COVID-19 and 2) the predictors of the most
clinically relevant sequelae in these domains.

Methods

Study Design and Participants
This was a prospective cohort study of
patients with COVID-19 who were
discharged from the ErasmusMedical Center
(MC) (University MC, Rotterdam, the
Netherlands) in the first phase of the
pandemic. We collected data as part of
CO-FUS (COVID-19 FU Study). Within the
ErasmusMC, there was universal opt-out
informed consent established regarding all
clinical data of patients who had been
hospitalized for COVID-19 (ErasmusMC
COVID-19 Observational Research). The
medical ethics committee of our center
reviewed this study and found it not to be
subject to theMedical Research Involving
Human Subjects Act (MEC-2020-0511).
Nonetheless, participants could use opt-out
online consent before filling out the
questionnaires, and in addition, written
informed consent was given at the outpatient
clinic during FU.

All consecutive patients who were
discharged between February 28 and July 31,
2020, were potential candidates for the study,
and FU was completed on January 31, 2021.
Patients were eligible for inclusion if they
visited the outpatient clinic for FU after
hospitalization for COVID-19, were over
18 years old, and had an established
diagnosis of COVID-19. This diagnosis
either was based on a positive reverse
transcription–polymerase chain reaction
result or detection of nucleic acid from
COVID-19 before or during the initial
hospitalization or was based on a
multidisciplinary team decision regarding
symptoms and chest computed tomography
(CT) scan findings during hospitalization,

which were later confirmed with positive
serology results.

Study Procedures
FU visits were scheduled around 6 weeks and
3 and 6months after hospitalization. Patients
without signs of residual radiological or
pulmonary function abnormalities at one of
the FU visits were not scheduled for
continuing visits. Before all the outpatient
visits, patients were asked to fill out several
online questionnaires. Patients who were
discharged from clinical FU continued
completing the online questionnaires.

Pulmonary function tests were
performed at all outpatient visits and
consisted of spirometry measuring forced
vital capacity (FVC), forced expiratory
volume in 1 second (FEV1), and the diffusing
capacity of the lung for carbonmonoxide
adjusted for hemoglobin (DLCOc).
Radiographic FU consisted of chest
radiography at 6 weeks, which was followed
by thin-section noncontrast chest CT scans
at 3 and 6months.

Measurements
Pulmonary sequelae. Pulmonary function

tests were performed to assess the FVC and
FEV1 in liters and the DLCOc in mmol/
(min � kPa).We performedmeasurements
according to the current guidelines from the
American Thoracic Society and the European
Respiratory Society (15). The Global Lung
Function Initiative Network reference values
were used to express the percentages of
predicted values of FVC, FEV, and DLCOc%
(FVC%, FEV1%, DLCOc%), the z-scores, and
the lower limit of normal (LLN) (16, 17). A z-
score below21.64 indicated a measurement
under the LLN.

Experienced chest radiologists
interpreted the CT scans during FU by using
a standardized assessment. Chest
radiographs were classified as normal or as
demonstrating moderate or severe
abnormalities on the basis of their report. CT
scans were classified as normal; as
demonstrating the presence of ground-glass
opacities (GGO) (moderate/severe) only or
GGOwith other abnormalities, including
bronchiectasis or bronchiolectasis
(moderate/severe), consolidations,
reticulation/fibrosis, and subpleural lines and
bands; or as demonstrating other
abnormalities only.

To assess the antibody kinetics over
time, sera were collected at every FU visit.
Qualitative enzyme-linked immunosorbent

ORIGINAL RESEARCH

552 AnnalsATS Volume 19 Number 4 | April 2022



assays were performed for the detection of
total antibodies and immunoglobulinM
(IgM) class antibodies to COVID-19 (Beijing
Wantai Biological Pharmacy Enterprise Co.,
Ltd.). Optical density ratios above 1 were
interpreted as positive results, as indicated by
the manufacturer. In this assay, total IgM
class antibodies above 10 indicate the
presence of neutralizing antibodies (18).

Physical and mental health status.
Together with patients, a new Corona
Symptom Checklist was developed on “novel
symptoms since the onset of COVID-19”
during the first 3 months, which was added
to the online questionnaires with the answer
options of “yes” or “no” (see the online
supplement for the complete questionnaires).

Fatigue was assessed by using the
Fatigue Assessment Scale (FAS), which is a
10-item self-report questionnaire and has
been validated in patients with chronic lung
disease (19, 20). The items are scored on a
Likert scale ranging from 1 to 5, and the total
score ranges from 10 to 50, increasing with
more frequent fatigue problems. Total scores
of>22 are considered to represent
substantial fatigue. A change in the FAS
score of 4 points or more indicates a
clinically significant change in fatigue (21).

Anxiety and depression were measured
by using the Hospital Anxiety and
Depression Scale (HADS) (22). The HADS is
a 14-item self-report measure and is
commonly used to determine the degree of
anxiety (HADS anxiety subscale) and
depression (HADS depression subscale)
(each including 7 items, which are scored on
a Likert scale ranging from 0 to 3). A sum
score>8 on either the HADS anxiety
subscale or the HADS depression subscale is
classified as clinically relevant anxiety or
depression, respectively (22). The HADS has
demonstrated its validity in many settings,
including during the aftermath of a critical
illness (23).

Symptoms of post-traumatic stress
disorder (PTSD) were assessed by using the
Impact of Event Scale–Revised (IES-R) (24).
The IES-R is a self-report measure consisting
of 22 items, which are scored on a Likert
scale ranging from 0 to 4, assessing subjective
distress caused by a traumatic event, and has
previously been validated in intensive care
unit (ICU) survivors (25). The IES-R consists
of three subscales, indicating symptoms of
intrusion, avoidance, and hyperarousal. Total
scores range from 0 to 88, with higher scores
indicating more severe symptoms. An IES-R
total score>24 is considered clinically

meaningful PTSD, with mild (score of
24–32), moderate (score of 33–38), or severe
(score of 39–88) complaints.

HR-QoL. HR-QoL was assessed by
using the 36-item Short FormHealth Survey
(SF-36) (26, 27). The SF-36 is a 36-item
patient-reported survey and consists of eight
domains: physical functioning, social
functioning, physical role functioning,
emotional role functioning, mental health,
vitality, bodily pain, and general health
perception (27). Each domain score is
directly transformed to a scale score ranging
from 0 (worst score) to 100 (best score). The
SF-36 has been extensively validated in the
Dutch population (28).

Data Collection
Patient characteristics (age at admission, sex,
and body mass index [BMI]) and clinical
data (medical history, laboratory values and
chest radiography findings at admission,
occurrence of thrombosis and delirium
during hospitalization, ICU admission,
invasive ventilation, prone positioning, ICU
length of stay [LOS], hospital LOS,
in-hospital COVID-19–directed treatment,
and pulmonary function and radiology at
FU) were collected in Castor EDC software.
Questionnaires on physical andmental
health status and HR-QoL were completed
online and directly collected in Castor EDC.
All data were pseudonymized before storing
and were not directly retraceable to the
individual patient.

Statistical Analysis
Normally distributed variables were reported
as means with standard deviations or were
otherwise reported as medians with
interquartile ranges, and categorical variables
were reported as numbers with percentages.
For longitudinal analyses, we used linear
mixed model (LMM) analyses and
generalized LMM (GLMM) analyses to take
into account the correlation within and
between repeated measurements and to use
all available measurements despite missing
data. The LMM and GLMM can handle
missing data, under the missing-at-random
(MAR) assumption, by estimating the
within- and between-subject covariance
matrix on the basis of the observed data that
are all included in these repeated-
measurement analyses. Missing data were
assumed to beMAR, as the missing data at
6 months depend on the observations at
3 months and 6 weeks of FU.

We performed LMM analyses to assess
recovery over time for variables on an
interval scale (pulmonary function, fatigue,
anxiety/depression, PTSD, and HR-QoL),
and these results are presented as estimated
means with standard errors. We used a
GLMM for dichotomous outcomes to model
the probability of abnormal outcomes over
time, and these results are presented as
estimated proportions with standard errors.
The dependent variables in these models
were the observed outcomes at 6 weeks,
3 months, and 6 months. The measurement
time point was entered as a factor into each
model to evaluate changes over the total FU
time and to make pairwise comparisons
between the time points in post hoc analyses.
Fixed baseline risk factors (sex, age, BMI,
length of hospital stay, length of ICU stay)
and time-varying covariates (FVC%,
DLCOc%, FAS, HADS, IES-R, chest CT
abnormalities) were added to these models
one by one to assess their predictive value.
Subsequently, all significant predictors were
entered into multivariable models for each
outcome of interest to assess their
independent predictive value. Goodness of fit
was checked by using the Akaike
information criterion. For all analyses, a
P value of,0.05 was considered to indicate
statistical significance. All analyses were
performed by using SPSS version 25 software
(IBM SPSS Statistics).

Results

Study Sample
Between February 28 and July 31, 2020, 171
patients were discharged from the Erasmus
MC after admission for COVID-19. Our
center served as a referral center for mostly
ICU patients, and because of many transfers
from other regions during the first phase of
the pandemic, a portion of these patients did
not undergo FU in our hospital. Figure E1 in
the online supplement presents the numbers
of patients during each FU visit at the
outpatient clinic. At 6 weeks after
hospitalization, 92 patients were included in
this study and had a mean age of 58.26 12.3
years, 58 (63.0%) were male, 74 (80.4%) had
one or more comorbidities, 36 (39.1%) had
two or more comorbidities, and the median
LOS in the hospital was 21.5 (13.0–40.8) days
(Table 1). Of the included patients, 61
(66.3%) had been admitted to the ICU and
had a median LOS of 20 (11.0–33.0) days. At
admission, radiographic abnormalities were
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seen in 80 (87.0%) patients, and 30 (32.6%)
had a thrombotic event during admission. In
total, 25 (27.2%) patients received one or
more COVID-19–directed drug therapies,
with therapies consisting of
(hydroxy)chloroquine in 3 (3.3%) patients,
antivirals in 3 (3.3%) patients (remdesivir in
1, lopinavir/ritonavir in 2), steroids in 17
(18.5%) patients (dexamethasone in 1,
prednisone in 6, and high-dose
methylprednisolone in 10), and other
antiinflammatory agents in 4 (4.3%) patients
(anti-IL6 in 1 and anti-IL1 in 3).

Pulmonary Function
Spirometry was available for 77 (83.7% of
patients with an FU visit), 89 (100%), and 43
(89.5%) patients at 6 weeks, 3 months, and
6 months of FU, respectively. The estimated
results from the LLMs over time are
presented in Table 2. At 6 weeks, the FVC
was below the LLN in 25% (64.7%) of the
patients, decreasing to 21% (64.3%) and
11% (65.3%) after 3 and 6months,
respectively. The estimated mean FVC
increased significantly over time from 3.4 L
(60.11 L) to 3.7 L (60.12 L) at 6 months
(P, 0.001), and the estimated mean FVC%
predicted increased from 86.3% (61.64%) at
6 weeks to 93.8% (61.98%) (P, 0.001) at
6 months (Figure 1A). Likewise, the mean
estimated FEV1% predicted improved
significantly from 6 weeks to 6 months
(P=0.001) (Figure 1A). Spirometry results
improved similarly across the whole range of
pulmonary function.

Diffusion capacity at 6 weeks was below
the LLN in 63.0% (65.5%) of the patients,
decreasing to 51% (65.4%) and 46%
(67.0%) at 3 and 6 months, respectively. The
mean value estimate increased significantly
over time from 5.9 mmol/(min � kPa) [60.20
mmol/(min � kPa)] at 6 weeks to 6.8 mmol/
(min � kPa) [60.22 mmol/(min � kPa)]
(P, 0.001) at 6 months, and the estimated
DLCOc% predicted increased from 69.5%
(61.78%) at 6 weeks to 79.9% (61.81%) at
6 months (P, 0.001) (Figure 1B).

Radiology
Six weeks after hospitalization, chest
radiography findings had normalized in 17
(21.3%) patients. Chest CT scans were
available in 87 (94.6%) and 46 (95.8%)
patients at 3 and 6months, respectively
(Table 3). After 3 months, chest CT scans
were normal in 12 (13.8%) patients, and
persistent GGOwere seen in 50 (57.5%)
patients, of whom 12 (24.0%) had severe

Table 1. Baseline characteristics of patients hospitalized for COVID-19

n* All (N= 92)

Patient characteristic
Age, yr — 58.2612.3
Sex, male — 58 (63.0)
BMI — 29.9 (6.6)

Comorbidities
None — 18 (19.6)
Comorbidities, .1 — 36 (39.1)
Obesity, BMI.30 kg/m2

— 37 (40.2)
Diabetes — 15 (16.7)
Cardiovascular disease and/or hypertension — 28 (31.1)
Pulmonary disease — 14 (15.6)
Renal disease — 5 (5.4)
Gastrointestinal disease — 1 (1.1)
Neuromuscular disease — 3 (3.3)

Malignancy — 4 (4.3)

In-hospital characteristics
PCR-confirmed COVID-19 — 86 (93.5)
Serology-confirmed COVID-19 — 6 (6.5)
Laboratory values
Creatinine, μmol/L 87 83.0 (68.0–102.0)
CKD-EPI equation–derived eGFR, ml/min 87 85.0 (64.0–92.0)
CRP, mg/L 82 108.5 (53.8–195.3)
Ferritin, μg/L 63 839.0 (454.0–1,565.0)
ALAT, U/L 87 30.0 (22.0–51.0)
Hemoglobin, mmol/L 86 8.0 (7.5–8.9)
MCV, fl 83 89.0 (86.0–91.0)
Thrombocyte count, 109/L 84 224.5 (171.0–294.8)
Lymphocyte absolute count, 109/L 66 0.90 (0.68–1.2)
D-dimer, mg/L 24 0.72 (0.52–1.5)
NT-pro-BNP, pmol/ml 18 14.5 (7.3–41.3)
IL-6, pmol/ml 25 58.0 (29.0–153.5)

Chest X-ray abnormalities 86 —
Normal — 6 (7.0)
Moderate — 15 (17.4)
Severe — 65 (75.6)

Thrombosis — 30 (32.6)
Deep vein thrombosis — 4 (4.3)
Pulmonary embolism — 25 (27.2)
Subsegmental pulmonary embolism — 18 (19.6)
Segmental pulmonary embolism — 10 (10.9)
Saddle pulmonary embolism — 3 (3.3)

Delirium — 48 (52.2)
Requiring oxygen supplementation — 85 (92.4)
Requiring high flow nasal cannula — 20 (22.5)
ICU admission — 61 (66.3)
Invasive mechanical ventilation — 55 (90.2)
Prone positioning — 52 (85.2)
Length of intubation, d — 15.0 (10.0–31.5)
Tracheostomy — 33 (54.1)
Length of ICU stay, d — 20.0 (11.0–33.0)
Length of hospital stay, d — 21.5 (13.0–40.8)

In-hospital treatment
(Hydroxy)chloroquine — 3 (3.3)
Antivirals — 3 (3.3)
Steroids — 3 (3.3)
Antiinflammatory therapy — 3 (3.3)

Time interval between discharge and follow-up visit
6-wk visit, d 92 48.0610.0
3-mo visit, d 89 92.3611.7
6-mo visit, d 46 171.2617.0

Definition of abbreviations: ALAT=alanine aminotransferase; BMI=body mass index;
CKD-EPI=Chronic Kidney Disease Epidemiology Collaboration; CRP=C-reactive protein;
COVID-19=coronavirus disease; eGFR=estimated glomerular filtration rate; ICU= intensive care unit;
IL-6= interleukin 6; MCV=mean corpuscular volume; NT-pro-BNP=N-terminal-pro hormone B-type
natriuretic peptide; PCR=polymerase chain reaction.
Data are presented as the n (%), mean6 standard deviation, or, for non–normally distributed
variables, median (interquartile range).
*The adjusted n is presented for variables with a total number of patients less than 92.
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GGO. Bronchiectasis or bronchiolectasis was
present in 31 (35.6%) patients, consolidations
were present in 13 (14.9%) patients,
reticulation and fibrotic changes were
present in 29 (33.3%) patients, and
subpleural lines and bands were present in 27
(31.0%) patients. Patients with minimal
residual abnormalities and normalized
pulmonary function did not undergo a
repeat chest CT scan. Among patients with
chest CT scans (n=45) at both 3 and 6
months, 32 (71.0% [66.8%]) patients had
GGO at 3 months, which decreased to 27
patients (60.0% [67.3%]) at 6 months
(P=0.126), and the presence of

consolidation decreased from 27% (66.6%)
to 13.0% (65.1%) (P=0.030). Fibrotic
changes did not decrease over time
(P=0.763).

Antibody Kinetics
Sera were tested for 76 (83%), 75 (84%), and
47 (98%) patients at 6 weeks, 3 months, and
6 months, respectively. At 6 months after
discharge, all tested patients had detectable
total antibodies to COVID-19, and 96%
showed optical density ratios above 10,
which correlated with the presence of
neutralizing antibodies (18). IgM class
antibodies to COVID-19 showed gradual

waning, with positivity decreasing from 78%
at 6 weeks to 36% at 6 months (see Figure E2
in the online supplement).

Physical and Mental Health Symptoms
Through the newly developed Corona
Symptom Checklist, 89.1% of the patients at
6 months still reported one or more physical
or mental symptoms since COVID-19
infection (Table 4). Patients most frequently
experienced reduced fitness (71.9%),
followed by muscle weakness (54.7%),
concentration and/or memory problems
(53.1%), and joint complaints (46.9%).
Reduced taste and/or smell was still reported

Table 2. Pulmonary function at 6-week and 3- and 6-month follow-up in patients hospitalized for COVID-19

6 Weeks 3 Months 6 Months P Value

Spirometry
FVC, L 3.460.1 3.660.1 3.760.1 ,0.001
FVC% predicted 86.361.6 90.061.6 93.862.0 ,0.001
FVC z-score 21.060.1 20.6960.1 20.4460.1 ,0.001
FVC%,LLN 2564.7 2164.3 1165.3 0.127
FEV1, L 2.760.08 2.860.08 2.860.1 0.319
FEV1% predicted 88.461.7 89.661.6 92.661.9 0.001
FEV1 z-score 20.8060.1 20.7060.1 21.460.9 0.061
FEV1%,LLN 1864.6 1663.9 1264.8 0.663

Gas exchange
DLCOc, mmol/(min*kPa) 5.960.2 6.260.2 6.860.2 ,0.001
DLCOc% predicted 69.561.8 73.061.8 80.061.8 ,0.001
DLCOc z-score 22.360.2 22.060.1 21.460.1 ,0.001
DLCOc%,LLN 6365.5 5165.4 4667.0 0.021

Definition of abbreviations: COVID-19=coronavirus disease; DLCOc=diffusing capacity of the lung for carbon monoxide adjusted for
hemoglobin; FEV1= forced expiratory volume in 1 second; FVC= forced vital capacity; LLN= lower limit of normal.
Data are presented as the mean6 standard error or proportion6 standard error. Estimates and P values were obtained by using linear mixed
model analyses in cases of continuous outcomes and by using generalized linear mixed model analyses in cases of binary outcomes.
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by 17.2% of patients at 6 months. Several
patients were discharged with supplemental
oxygen during rest or exercise. This could be
weaned in all patients during the first 6
weeks after discharge.

The mean FAS score was higher than
the cutoff score at all FU visits, indicating the
presence of overt fatigue (Figure 2A). Fatigue
measured by using the FAS did not decrease
significantly between 6 weeks and 3 months
(P=0.863), with a decrease only being shown
from 3months to 6 months (P=0.002). At
6 months, a large proportion of the patients
(50.8%) still experienced fatigue, as indicated
by FAS score>22 (Table E1).

Symptoms of PTSD, as measured by
using the IES-R, decreased significantly over
time (P, 0.001), as presented in Figure 2B.
Of all patients, 28.6% had signs and
symptoms of PTSD at 6 weeks (which
decreased to 16.4% and 3.6% at 3 and 6 mo,
respectively) (Table E1).

Both mean anxiety (P=0.003) and
depression (P, 0.001) scores decreased

significantly over time (Figures 2C and 2D;
Table E1). The prevalence rates of anxiety
were 20.6%, 19.6%, and 14% at 6 weeks,
3 months, and 6 months, respectively, and
the prevalence rates of depression were
23.5%, 16.1%, and 16.1% at 6 weeks,
3 months, and 6 months, respectively.

HR-QoL
Figure 3 shows the profiles of the domain
scores of the SF-36 for each time point
compared with the Dutch norm. Most
domains improved significantly over time
(P, 0.001), except for emotional role
functioning (P=0.292) andmental health
(P=0.103) (Table E1). The degrees of
impairment for both emotional role
functioning and mental health were limited
and were similar to the degrees of
impairment among the norm population at
all time points. In addition, most domains
(nearly) normalized at 6 months of FU,
except for physical role functioning.
Although gradual improvement over time

was evident, a gap was still seen between its
6-month outcome and the Dutch norm
outcome.

Predictors
We analyzed the predictors of the most
clinically relevant sequelae after
hospitalization for COVID-19: namely
DLCOc, fatigue measured by using the FAS,
and physical role functioning as measured by
using the SF-36. Table 5 shows the results of
the LMM analyses.

DLCOc was the most frequently and
significantly affected pulmonary function
parameter. Bivariate predictors for a lower
DLCOc% were a longer time since
hospitalization (P, 0.001), a longer hospital
LOS (P, 0.001), and more chest CT scan
abnormalities (P=0.048). In the
multivariable analysis, a longer time since
hospitalization (P, 0.001) and a longer
hospital LOS (P=0.007) remained
independent predictors for a lower DLCOc%.

Fatigue was the most frequent symptom
during FU. Female sex was the only
significant predictor of fatigue over time
(mean difference of 4.05 between women
andmen on a FAS scale; P=0.027).
Decreased pulmonary function and chest CT
scan abnormalities were not predictors of
fatigue.

Physical role functioning was the most
affected domain of the SF-36 after
hospitalization for COVID-19 at all time
points. The hospital LOS (P=0.015), the FAS
score (P, 0.001), depression (P, 0.001),
and PTSD (P=0.003) over time were
bivariate predictors for physical role
functioning, whereas ICU admission and
reduced pulmonary function were not. In the
multivariable analyses, a longer LOS in the
hospital (P=0.007) and a higher FAS score
(P, 0.001) persisted as independent
predictors of a lower physical role
functioning score over time.

Discussion

We assessed recovery in relation to
pulmonary function, radiological
abnormalities, the physical and mental health
status, and HR-QoL during the first 6
months after hospitalization for COVID-19
in a prospective cohort study and
demonstrated recovery across all health
domains in most patients.

Our data on persistent pulmonary
injury are in line with earlier reports, with

Table 3. Radiographic characteristics at 6-week and 3- and 6-month follow-up in
patients hospitalized for COVID-19

6 Weeks 3 Months 6 Months

Chest X-ray abnormalities, n 80 — —
Normal 17 (21.3) — —
Moderate 37 (46.3) — —
Severe 26 (32.5) — —

Chest CT scan abnormalities, n* — 87 46
Normal — 12 (13.8) 1 (1.2)*
GGO

Moderate — 38 (43.7) 19 (21.8)
Severe — 12 (13.8) 8 (9.2)

Bronchiectasis or bronchiolectasis
Moderate — 20 (23.0) 14 (16.1)
Severe — 11 (12.6) 7 (8.0)

Consolidation — 13 (14.9) 6 (6.9)
Reticulation/fibrosis — 29 (33.3) 22 (25.3)
Subpleural lines and bands — 27 (31.0) 19 (21.8)

Chest CT scan abnormalities, n† — 45 45
Normal — 1 (2.2) 1 (2.2)
GGO

Moderate — 22 (48.9) 19 (42.2)
Severe — 10 (22.2) 8 (17.8)

Bronchiectasis or bronchiolectasis
Moderate — 14 (31.1) 14 (31.1)
Severe — 11 (24.4) 7 (15.6)

Consolidation — 12 (26.7) 6 (13.3)
Reticulation/fibrosis — 21 (46.7) 22 (48.9)
Subpleural lines and bands — 20 (44.4) 18 (40.0)

Definition of abbreviations: COVID-19=coronavirus disease; CT=computed tomography;
GGO=ground-glass opacities.
Data are presented as n (%), unless otherwise noted.
*Patients without signs of radiological abnormalities at the 3-month follow-up were not
scheduled for continuing visits; the percentages of abnormalities at the 6-month follow-up are
based on the total number of patients at the 3-month follow-up.
†For 45 patients, chest CT scans were available at both 3 and 6 months.
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restrictive defects, diffusion impairment,
and pulmonary fibrosis being reported in a
proportion of patients depending on the
cohort and occurring more frequently
after critical COVID-19 (6, 11, 13, 14).
This is also very much in line with
outcomes after severe acute respiratory
syndrome and Middle East respiratory
syndrome infection (7, 8). Given the large
numbers of persistent physiological and
radiological signs of pulmonary fibrosis, a
large cohort of patients with pulmonary
fibrosis after COVID-19 with persistent
and potentially progressive impairment
was feared by experts (29, 30). In our
cohort, reassuringly, no progressive
impairment was noted. On the contrary,
despite the presence of some fibrosis in
almost a quarter of the patients,

pulmonary function and other residual
radiological abnormalities improved
significantly over time.

This leads to speculation of the
underlying pathophysiology of the
pulmonary injury, as purely fibrotic changes
do not improve over time. In a series of
autoptic lungs from patients with severe
endothelial injury caused by COVID-19
(associated with the presence of intracellular
virus), disrupted cell membranes as well as
widespread vascular thrombosis with
microangiopathy and occlusion of alveolar
capillaries were demonstrated (1). At the
same time, the lungs from patients with
COVID-19 had significant new vessel
growth. Decreased diffusion and ground-
glass abnormalities are possibly due to
vascular damage andmicroangiopathy, with

angiogenesis explaining partial recovery in
many. Other changes, such as the
parenchymal bands and reticulation, are
more likely purely fibrotic in origin and
remain stable over time, causing permanent
physiological impairment. This impairment
is mild in most patients, even after critical
COVID-19, and was not related to
symptoms such as dyspnea in rest or during
exercise or HR-QoL, indicating limited
clinical significance.

A substantial number of patients
reported impaired physical and mental
health up to 6 months after
hospitalization. Although this may be
expected as a general fitness degree after
a severe illness, the number of patients
reporting symptoms (including, but not
limited to reduced fitness, muscle

Mental health
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Social functioning
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Figure 3. Scores for the SF-36 health-related quality of life domains at 6 weeks, 3 months, and 6 months compared with the Dutch norm
population. SF-36 = 36-item Short Form Health Survey.
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weakness, joint complaints, dizziness,
and concentration and/or memory
problems) was remarkable. Our findings
are in line with those of various studies
reporting on mid-term/long-term
symptoms. We demonstrate evident

recovery over time among most
evaluated symptoms, such as anxiety and
depression.

Notably, this was not as much the case
for fatigue, which was the most frequent and
persistent symptom. There was significant
improvement after 3 months, but at 6
months, 51% of the patients still had fatigue
on the basis of the FAS score. The
phenomenon that female sex is predictive for
fatigue has been described before, and
further investigation of the differences in
outcomes between sexes is needed (31, 32).
More research into the underlying biological
mechanisms is warranted, especially because
of its significant impact and the distressing
finding that the high prevalence did not
substantially decrease over time.

Many patients after ICU treatment
suffer from post–intensive care syndrome.
Although it is not possible to discriminate
between common sequelae of post–intensive
care syndrome and effects specific to the
post–COVID-19 period in these patients, we
observed long-lasting physical, cognitive, and
psychological consequences from COVID-19
in patients who survived ICU treatment as
well as in those who did not undergo ICU
treatment. It is as yet unclear how longer-
term recovery will develop and whether the
reduced health status will persist chronically.
Earlier studies demonstrated that survivors
of acute respiratory distress syndrome

continued to have persistent exercise
limitations and a reduced physical quality of
life 5 years after their discharge from the
ICU, but pulmonary function usually
normalized over time (33, 34). Early mobility
and rehabilitation are promising
interventions for ameliorating such
impairments, but it remains unclear how
rehabilitation programs should be tailored to
meet the needs of these patients. Given that
the virus may affect multiple body systems
beyond the pulmonary system, such as the
cardiac, neurological, and renal systems, a
one-size-fits-all approach probably will not
suffice. Rather, rehabilitation programs
should be individualized and integrated into
care pathways aimed at early discharge from
the hospital with a focus beyond restoring
physical and respiratory function alone,
thereby addressing fatigue, anxiety,
depression, and the return to participation in
society (35). Many questions remain
regarding the clinical effectiveness of
multimodal post–COVID-19 rehabilitation
and the optimal timing of rehabilitation
interventions, which will hopefully be
addressed in the near future (36). This
question is deemed a research priority by
many societies (36, 37).

Lastly, our findings confirm that the
majority of the hospitalized patients with
COVID-19 develop a sustained humoral
response, with detectable antibodies being

Table 5. Multivariable analyses for DLCOc%, fatigue, and physical role function up to 6 months

DLCOc% (N Obs=122) FAS (N Obs=176) SF-36 RP (N Obs=132)

b P Value b P Value b P Value

Time
6 wk — — Ref — Ref —
3 mo Ref* — 0.18 0.863 15.70 0.019
6 mo 7.13 ,0.001 22.11 0.046 17.83 0.017

Sex, female — — 4.05 0.027 — —
Hospital LOS, d 20.23 0.007 — — 20.42 0.007
Chest CT scan abnormalities — 0.145 — — — —
Normal Ref — — — — —
GGO 2.24 0.632 — — — —
GGO1others 23.44 0.361 — — — —
Others 25.21 0.169 — — — —

FAS score — — — — 22.88 ,0.001
HADS-A score — — — —
HADS-D score — — — — 21.58 0.122
IES-R score — — — — 0.53 0.089

Definition of abbreviations: CT=computed tomography; DLCOc=diffusing capacity of the lung for carbon monoxide adjusted for hemoglobin;
FAS=Fatigue Assessment Scale; GGO=ground-glass opacities; HADS-A=Hospital Anxiety and Depression Scale anxiety subscale;
HADS-D=Hospital Anxiety and Depression Scale depression subscale; IES-R= Impact of Event Scale–Revised; LOS= length of stay;
N Obs=number of observations; Ref = reference category; RP=physical role functioning; SF-36=36-item Short Form Health Survey.
Models are estimated with linear mixed models, using time as a factor. Predictive value of fixed baseline risk factors and time-varying covariates
was assessed.
*The 3-month time point is the reference category as chest CT scan was added to the model, only having data at 3 and 6 months.

Table 4. Prevalence of symptoms at
6-month follow-up in patients hospitalized
for COVID-19

6 Months

New symptoms since
COVID-19 infection

n=64

One or more symptoms 57 (89.1)
Reduced fitness 46 (71.9)
Muscle weakness 35 (54.7)
Concentration and/or

memory problems
34 (53.1)

Joint complaints 30 (46.9)
Sleeping problems 25 (39.1)
Dizziness 22 (34.4)
Skin rash 22 (34.4)
Tingling and/or pain

in extremities
22 (34.4)

Hoarseness 16 (25.0)
Reduced vision 16 (25.0)
Hair loss 14 (21.9)
Reduced taste

and/or smell
11 (17.2)

Reduced hearing 9 (14.1)

Definition of abbreviation: COVID-19=
coronavirus disease.
Data are presented as n (%), indicating the
number of patients with symptoms.
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found in all tested patients at 6 months after
discharge. This is in agreement with a recent
report that describes the evolution of
COVID-19 immunity up to 6.2 months after
symptom onset (38). IgM antibodies
gradually wane after clinical recovery. In this
population, IgM antibodies were still
detectable in 36% of cases at 6 months. This
illustrates that the utility of COVID-19 IgM
as a marker of acute infection is limited.
Because of the assay used in this study, no
quantitative data are reported on
(neutralizing) antibody titers.

Strengths and Limitations
We believe this study adds important
knowledge about recovery after
hospitalization for COVID-19. A strength of
the current study are the repeated
measurements over time in patients with a
broad range of COVID-19 severity degrees.
At the same time, compared with all patients
admitted for COVID-19 in the Netherlands,
the number of patients who were admitted to
the ICU were overrepresented in this cohort
(39). Our center mostly served as a referral
center for ICU patients, hence explaining the
large numbers of patients who received ICU
treatment in this cohort. Furthermore,

patients who had normalized pulmonary
outcomes were no longer followed up in the
clinic, leading to missing FUmeasurements.
Under the MAR assumption, we used all
observed data of this cohort in repeated-
measurement analyses. These analyses can
handle this kind of missing data by using the
within- and between-subject covariance
under the assumption that subjects with
(nearly) normalized pulmonary outcomes at
3 months will still have good outcomes at 6
months. However, other unobserved reasons
for dropout cannot be completely ruled out,
and the results should therefore be
interpreted with caution. Likewise, given the
relatively small numbers of patients, the
results of the multivariable models should be
considered as explorative and hypothesis-
generating, and they need further in-depth
evaluation and confirmation. We will
continue to prospectively follow up with a
large cohort of (.500) patients within 10
hospitals, rehabilitation centers, and nursing
homes in our region up to 2 years after
hospitalization in the CO-FLOW (COVID-
19 FU care Paths and Long-termOutcomes
within the Dutch Healthcare System) study
(Netherlands trial registration number
NL74252.078.20), assessing long-term

sequelae after COVID-19 infection, care
paths, and the effects of various rehabilitation
interventions.

Conclusions
In conclusion, in this prospectively followed
Dutch cohort, we longitudinally describe
recovery as it relates to pulmonary function,
radiological abnormalities, physical and
mental health status, and HR-QoL after
hospitalization for COVID-19 and its main
predictors. Persistent pulmonary impairment
can be found for up to 6 months, but gradual
improvement is seen over time. Similarly, the
majority of patients reported persistent
symptoms and reduced HR-QoL related to
COVID-19 infection. Most of these
improved over time, but fatigue was not only
the most frequent but also the most
persistent symptom, also seriously affecting
HR-QoL. Fatigue could not be explained by
the severity of COVID-19 or pulmonary
function at FU. The underlying cause and
optimal treatment need to be established and
will be the topic of further investigations.�

Author disclosures are available with the
text of this article at www.atsjournals.org.
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