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ABSTRACT

Introduction: To assess the long-term conse-
quences of coronavirus disease (COVID-19)
among health care workers (HCWs) in China
(hereafter surviving HCWs).
Methods: A total of 303 surviving HCWs were
included. Lung (pulmonary function test, 6-min
walk test [6MWT], chest CT), physical (St.

George’s Respiratory Questionnaire [SGRQ],
Modified Medical Research Council dyspnea
scale [mMRC], and Borg scale), and psychiatric
functions (Essen Trauma Inventory) were eval-
uated during the 1-year follow-up.
Results: Surviving HCWs had an abnormal
diffusion capacity 1 year post-discharge. Partic-
ipants with a reduced carbon monoxide diffus-
ing capacity (DLCO) comprised 43.48%. The
proportion of HCWs with a median 6MWT
distance below the lower limit of the normal
was 19.4%. An abnormal CT pattern was
observed in 37.5% of the HCWs. The SGRQ,
mMRC, and Borg scores of surviving HCWs,
especially those with critical/severe disease,
were significantly higher than those in the
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normal population. Probable post-traumatic
stress disorder (PTSD) was reported in 21.9% of
the surviving HCWs. Diffusion capacity
impairment was associated with women. Criti-
cal/severe illness and nurses were associated
with impaired physical function.
Conclusions: Most surviving HCWs, especially
female HCWs, still had an abnormal diffusion
capacity at 1 year. The physical and psychiatric
functions of surviving HCWs were significantly
worse than those of the healthy population. Long-
term follow-up of pulmonary, physical, and psy-
chiatric functions for surviving HCWs is required.

Keywords: Long-term; COVID-19; SARS-CoV-
2; Lung function; Psychiatric function; Physical
function

Key Summary Points

Why carry out this study?

HCWs have contributed greatly to the
fight against coronavirus disease (COVID-
19), and the rehabilitation management
of HCWs should be considered important.
However, the information on long-term
consequences and rehabilitation
management of HCWs recovering from
COVID-19 is limited

We aimed to evaluate the long-term
pulmonary, physical, and mental health
rehabilitation state of HCWs and their risk
factors and correlation

What were the study outcomes/
conclusions?

Most surviving HCWs, especially females,
had an abnormal diffusion capacity at 1
year

Long-term follow-up of pulmonary,
physical, and psychiatric functions for
surviving HCWs is required, and a
comparison study of the difference in
these long-term consequences between
HCWs and non-HCWs is needed

INTRODUCTION

The outbreak of the coronavirus disease
(COVID-19) in Wuhan, China, at the end of
December 2019 has led to huge losses and
caused considerable pressure on health care
systems [1]. The new coronavirus, severe acute
respiratory coronavirus 2 (SARS-CoV-2), is a
highly contagious respiratory virus, and the
population is generally susceptible.

Health care workers (HCWs) are essen-
tial workers in the management of patients with
COVID-19; this includes daily epidemiological
and clinical management/treatment. During
the early phase of the outbreak, especially
HCWS faced several challenges, such as lack of
protective equipment (masks and protec-
tion suits), increased workload, extreme emo-
tions, isolation, and loss of social support [2].
Existing literature suggests that the occupa-
tional risk of SARS-CoV-2 acquisition and
development of psychological symptoms or
mental disorders among front-line HCWs may
be higher than that of the overall population
[3, 4]. In an early study of an epidemic outbreak,
among 7736 patients diagnosed with COVID-19
in 552 hospitals as of 29 January 2020 in 31
Chinese provinces, health care staff comprised
3.5% [5]. In the USA, 11% (1689/15,194
patients) of all reported COVID-19 cases were
identified as HCWs [6]. Italy also reported a
high COVID-19 incidence among HCWs; HCWs
accounted for 10% of all confirmed cases as of 5
April 2020, and 80 doctors and 25 nurses died
from COVID-19 [7]. The COVID-19 incidence
among HCWs from a review of 15 studies on
SARS-CoV-2 was reported to be 1.9–29.4% [8].
The increased risk of SARS-CoV-2 infection may
increase the risk of COVID-19-associated com-
plications among HCWS.

Previous studies have suggested that despite
long-term recovery, some COVID-19 survivors
have sequelae, such as lung fibrosis, debilitating
chronic symptoms, and/or psychological prob-
lems, which impact their quality of life [9–11].
HCWs have contributed greatly to the fight
against COVID-19, and the rehabilitation
management of HCWs should be considered
important. The current epidemiology, clinical
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diagnosis, and treatment of COVID-19 have
helped in gathering some experience, which has
been used in conducting scientific studies. Some
of such studies have suggested that some
COVID-19 survivors present with health issues
after discharge [12]. However, the information
on long-term consequences and rehabilitation
management of HCWs recovering from COVID-
19 is limited. Compared with non-HCWs,
HCWs may have worse clinical outcomes
because they are exposed to environments with
a high SARS-CoV-2 density, have increased
workload, and are more vulnerable to psycho-
logical trauma [13]. In addition, compared to
non-HCWs, HCWs may be healthier, younger,
or both. The high exposure of HCWs to COVID-
19 and the daily direct encounters with patients
and COVID-19-related deaths may place front-
line HCWs at a particularly high risk for pul-
monary fibrosis and psychiatric disorders. A
recent study reported no clear difference in
COVID-19-related outcomes between HCWs
and matched non-HCW controls [14]. However,
the sample size of that study was small. Fur-
thermore, studies have reported that 52% of
COVID-19 survivors still had fatigue or muscle
weakness at 6 months after discharge[15], and
HCWs had a higher prevalence of anxiety,
depression, insomnia, somatization, and obses-
sive-compulsive symptoms during the COVID-
19 pandemic than non-HCWs [16–18]. How-
ever, no study has yet investigated the long-
term physical and mental rehabilitation of
HCWs and its relationship with lung function.
Therefore, we aimed to evaluate the long-term
pulmonary, physical, and mental health reha-
bilitation of HCWs and their risk factors and
correlation.

METHODS

Study Design and Participants

After COVID-19 was under control in China,
the Chinese Academy of Engineering and Ten-
cent Charity Foundation initiated a health care
scheme named ‘‘Rehabilitation Care Project for
Medical Staff Infected with COVID-19’’ for
HCWs with COVID-19 after hospital discharge.

To date, the project has carried out follow-up
studies up to 1 year after discharge. The assessed
variables include: organ impairment, persistent
symptoms, psychological problems, physical
examinations, and consultation with academi-
cians [19]. In this study, HCWs with mild or
severe COVID-19 in Wuhan, China, who were
discharged from the hospital 1 year prior to this
study were invited to participate. They were
selected among the participants of the ‘‘Reha-
bilitation Care Project for Medical Staff Infected
with COVID-19’’ in China. Participants meeting
the following criteria were excluded: (1) having
a history of chronic lung disease, including
asthma or chronic obstructive pulmonary dis-
ease (COPD), (2) having a history of psychiatric
disorders, (3) being SARS-CoV-2 nucleic acid re-
positive, and (4) refusing to participate. The
diagnosis of severe or mild COVID-19 pneu-
monia was based on the guidelines of the
National Health Commission. This study was
approved by the Ethics Committee of Union
Hospital, Tongji Medical College, Huazhong
University of Science and Technology (2020-
0506), and was performed in accordance with
the principles of the Declaration of Helsinki.
Informed written consent was obtained from
every study participant.

Procedures

The appointment for the follow-up visit was set
by trained medical staff via telephone calls. All
participants were contacted according to the
discharge dates in their medical records. Follow-
up consultations were performed in the outpa-
tient clinic of the Wuhan Union Hospital. From
18 March to 30 April 2021, 525 HCWs who had
recovered from COVID-19 were included in the
‘‘Rehabilitation Care Project for Medical Staff
Infected with COVID-19’’ project. A total of
217/525 HCWs refused to undergo a lung
function test, 5 had chronic lung diseases, and
303 underwent the lung function test and
6-min walk test (see the flowchart in Fig. 1).
They also completed the St George’s Respiratory
Questionnaire (SGRQ), Essen Trauma Inven-
tory (ETI), Dyspnea Assessment Questionnaire,
and chest computed tomography (CT). SARS-
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COV-2 nucleic acid, antibody tests, immune-
inflammation index, biochemical tests (liver
and renal function, fasting plasma glucose,
glycosylated hemoglobin, and myocardial
injury markers), and coagulation tests were also
completed simultaneously. Details of the lung
function test and artificial intelligence-based
quantitative analysis of CT images were pre-
sented in our previous study [20].

Six-Minute Walk Test (6MWT)

The 6-min walk test was performed according to
a standardized protocol [21]. Oxygen saturation
and heart rate were recorded before the start
and at the end of the 6MWT. The percent pre-
dicted value for the 6 MWD and the normative
reference data were calculated using reference
equations.

Physical and Psychiatric Function
Measurement

The SGRQ is a standardized, self-administered,
pulmonary-specific health status questionnaire
containing 50 items and 76 weighted responses
that are divided into three subscales: (1) symp-
toms (8 items), (2) activity (16 items), and (3)
impacts (26 items). For each subscale and for
the overall questionnaire, scores ranged from 0
to 100 and were calculated using score calcula-
tion algorithms. The normal values referred to
the mean scores obtained from a sample of
persons (n = 74) between 17 and 80 years old

with no history of respiratory disease (mean
forced expiratory volume in the first second
[FEV1], 95%) (PW Jones, MD; Scoring Manual of
the SGRQ May 2003) [22].

The Modified Medical Research Council
(mMRC) dyspnea scale is used to assess dyspnea
in many respiratory diseases [23]. Individuals
are asked to choose the expression that best
describes their level of dyspnea. The mMRC
score ranges from 0 (no dyspnea) to 4 (percep-
tion of dyspnea during basic activities of daily
life such as dressing) points.

The Borg scale is a valuable non-invasive test
for the prediction of muscle weakness in
patients [24]. Participants were first asked to
score how dyspneic they felt using the Borg
scale, which ranges from 0 (no dyspnea or fati-
gue at all) to 10 (excessive dyspnea or fatigue).

The ETI is a self-rating questionnaire that
contains a list of 15 potentially traumatic events
(personally experienced or witnessed) and items
concerning the objective and subjective threat
of life and symptoms on intrusion, hyper-
arousal, avoidance, and dissociation subscales
[25]. Clinically relevant symptomatology
according to the Diagnostic and Statistical
Manual of Mental Disorders-IV (DSM-IV) is
indicated by the presence of one traumatic
event, objective and subjective threat to life,
and achieving a cut-off C 27 points for the total
sum score of the intrusion, hyperarousal, and
avoidance subscales [26].

Statistical Analysis

All data analyses were performed using SPSS
statistical software (version 20.0; IBM Corp).
The significance level was set at a = 0.05, and all
tests were two-tailed [2]. Categorical variables
are presented as counts (%), and continuous
variables are expressed as medians (interquartile
range [IQR]) [20]. To compare the differences in
clinical characteristics, laboratory findings,
pulmonary function, CT abnormalities, and
physical and psychiatric function among sur-
viving HCWs with different disease severities,
we used the Kruskal-Wallis test or Wilcoxon
signed-rank test for continuous variables and
the chi-squared test or Fisher’s exact test for

Fig. 1 Flowchart of participant recruitment. PFTs pul-
monary function tests, 6MWT 6-min walk test, SGRQ St.
George’s Respiratory Questionnaire
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categorical variables. Associations between pul-
monary function results and CT quantitative
data, and physical and psychiatric function
scores, were examined using Spearman correla-
tion analysis and visualized with corresponding
correlation matrix plots [20]. To determine
potential risk factors for diffusion impairment,
probable post-traumatic stress disorder (PTSD),
and physical function impairment, a multi-
variable logistic regression analysis was per-
formed. The associations between risk factors
and outcomes are presented as odds ratios (ORs)
and 95% confidence intervals (CIs) [2].

RESULTS

Clinical Characteristics of the Study
Population

A total of 303 surviving HCWs were enrolled in
this study. The demographic and clinical char-
acteristics of the participants are presented in
Table 1. The median age of the enrolled partic-
ipants was 39.0 (33.0–48.0) years, with 59
(19.47%) men and 244 (80.53%) women. Fur-
thermore, 98 (32.34%) were medical doctors,
162 (53.47%) were nurses, and 43 (14.19%) were
health care assistants. The median length of
hospital stay was 15.00 (9.00–26.00) days. The
median time from discharge to follow-up visit
was 395.00 (382.00–408.00) days. Of the par-
ticipants, 96.7% had no smoking history. The
most common comorbidity was hypertension
(15 patients, 4.95%), followed by hyperlipi-
demia (4 patients, 1.32%) and heart, endocrine,
and liver diseases (2 patients, 1.32%). COVID-19
was classified as mild/moderate in 113 (37.3%)
participants and as critical/severe in 190
(62.7%) patients. Compared with participants
with mild/moderate illness, participants with
critical/severe illness were older (39.00
[34.00–49.00] vs. 38.00 [31.00–46.00] years) and
higher body mass index (BMI); however, there
was no significant difference in sex and
comorbidities between the two COVID-19
severity groups. Of the 303 participants, 196
(64.69%) required oxygen therapy during their
hospital stay. One year after discharge, 83.45%
of the recovered HCWs still had positive serum

SARS-CoV-2 IgG tests, and the rate was signifi-
cantly higher among HCWs who survived crit-
ical/severe (89.27%) illness than among those
with mild/moderate illness (73.83%). The rate
of positive serum SARS-CoV-2 IgM tests was
higher in HCWs who survived critical/severe
illness than in HCWs who survived mild/mod-
erate illness (16.38% vs. 9.35%, p = 0.0949).
Results of blood biochemistry, immune-in-
flammation index, glucose, glycosylated hemo-
globin, myocardial injury markers, and
coagulation function tests are shown in Sup-
plemental Table 1. All the indicators returned to
normal levels and were comparable between the
critical/severe illness and mild/moderate
groups.

Pulmonary Function and 6MWT
of Surviving HCWs 1 Year After Discharge

Details of the lung function of surviving HCWs
1 year after hospital discharge are presented
in Table 2. Only few surviving HCWs had ven-
tilation defects or impaired lung volume.
FEV1%, forced vital capacity (FVC)%, FEV1/FVC,
total lung capacity (TLC)%, residual volume
(RV)%, and small airway function were not
within normal ranges in 23 (7.59%), 7 (2.31%),
24 (7.92%), 16 (5.28%), 8 (2.64%), and 14
(2.31%) HCWs, respectively. However, anoma-
lies of diffusion capacity were common: 47.67%
of the mild/moderate illness group and 40.97%
in the critical/severe illness group had a reduced
carbon monoxide diffusing capacity (DLCO)%.
However, there was no significant difference in
lung function rehabilitation between the two
groups. Comparing the pulmonary function of
patients who required oxygen therapy during
hospitalization with those who did not, there
was no significant difference in FVC%, FEV1%,
FEV1/FVC ratio, or DLCO% between the two
groups. Patients who received mechanical oxy-
gen therapy had significantly lower RV/TLC
values than those who did not (Supplemental
Table 2). Of the 303 participants, 99 underwent
a lung function test at 6 months after discharge.
As shown in Supplemental Table 3, there were
no significant differences in FVC%, FEV1%,
FEV1/FVC, TLC%, RV%, and RV/TLC between 6
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Table 1 Characteristics of enrolled surviving HCWs

Characteristics All Group (N = 303)

HCWs with mild/moderate
illness (n = 113)

HCWs with critical/severe
illness (n = 190)

p value

Age, median (IQR),

years

39.00 (33.00–48.00) 38.00 (31.00–46.00) 39.00 (34.00–49.00) 0.0476

Sex

Female, n (%) 244 (80.53) 91 (80.53) 153 (80.53) 0.9992

BMI, median (IQR),

kg/m2

23.44 (21.30–25.71) 22.72 (20.96–24.99) 24.00 (21.48–25.97) 0.0093

Cigarette smoking

Never smoked, n (%) 293 (96.7) 112 (99.1) 181 (95.3) 0.068

Comorbidities

Hypertension 15 (4.95) 3 (2.65) 12 (6.32) 0.1554

Hyperlipidemia 4 (1.32) 2 (1.77) 2 (1.05) 0.5968

Diabetes 2 (0.66) 1 (0.88) 1 (0.53) 1.0000

Heart disease 4 (1.32) 1 (0.88) 3 (1.58) 0.6088

Endocrine disease 4 (1.32) 1 (0.88) 3 (1.58) 0.6088

Liver disease 4 (1.32) 3 (2.65) 1 (0.53) 0.1165

Solid tumor 2 (0.66) 1 (0.88) 1 (0.53) 1.0000

Occupation

Doctor 98 (32.34) 39 (34.51) 59 (31.05) 0.9992

Nurse 162 (53.47) 56 (49.56) 106 (55.79)

Health care assistants 43 (14.19) 18 (15.93) 25 (13.16)

Oxygen supply during hospital stay

Not requiring

supplemental oxygen

102 (33.66) 54 (47.79) 48 (25.26) 0.0001

Nasal cannula or mask 196 (64.69) 59 (52.21) 137 (72.11) 0.0005

Time from discharge to

follow-up, days

395.00 (382.00–408.00) 390.00 (380.00–405.00) 398.00 (383.00–410.00) 0.0646

Length of hospital stay,

days

15.00 (9.00–26.00) 13.00 (5.00–23.00) 17.50 (11.00–27.00) 0.0101

Serum antibody

IgM positive, n (%) 39 (13.73) 10 (9.35) 29 (16.38) 0.0949
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and 12 months of follow-up. However, the
DLCO% and DLCO/alveolar volume%
improved significantly from 82.3 to 85.5% and
from 86.8 to 91.6% at 12 months, respectively.
To determine whether surviving HCWs with
reduced lung function at 6 months improved by
1 year, we compared the FEV1/FVC, TLC%,
DLCO%, and DLCO/VA% at these two time
points. There was a slight increase in DLCO%
(4.1, p\0.0001) and DLCO/VA% (2.4, p\ 0.01)
(Fig. 2).

Compared with participants with
mild/moderate illness, participants with criti-
cal/severe illness presented with a shorter
walking distance in meters in 6 min (549.50,
IQR 514.0–582.0 vs. 564.0, 525.0–603.0). The
proportion of patients with a median 6-min
walking distance below the lower limits of
normal (LLN) was 19.4% (58/303), and there
was no significant difference between the two
groups. None of the patients experienced sig-
nificant hypoxia after the 6 MWT.

Residual CT Abnormalities of Surviving
HCWs 1 Year After Discharge and Their
Correlation with Lung Function

High-resolution CT was performed for 256 par-
ticipants (Table 3). Chest CT revealed that
37.5% (96/256) of the HCWs still had abnormal
CT findings, but there was no significant dif-
ference between the groups. Regarding lesion
characteristics, ground-glass opacity (GGO),
which is the most common CT finding in

patients with COVID-19 in the acute phase,
remained the most common 1 year after dis-
charge (24.6%). GGO was followed by fibrotic-
like changes (10.2%) and thickening of the
adjacent pleura (8.6%) [27]. Artificial intelli-
gence (AI)-derived CT features for quantifying
pneumonia lesions were further studied to
assess lung rehabilitation. Bilateral consolida-
tion and GGO were absorbed approximately
12 months after discharge. Two cases with serial
CT scans are shown in Fig. 3A, and the AI-based
segmentation of lesions is shown in Fig. 3B. The
associations between residual CT abnormalities
and lung function parameters are shown in
Fig. 4A: there was a significant negative corre-
lation between the scope of residual CT abnor-
malities and obstructive ventilatory function
parameters (such as FEV1%, maximal expiratory
flow at 50% of the forced vital capacity [MEF50],
and MEF75/50), although the correlation was
weak (r\0.2, p\0.05). There was a weak cor-
relation between DLCO% and bilateral residual
GGO (r\ 0.2, p\0.05).

Physical and Psychiatric Function
of Surviving HCWs 1 Year After Discharge
and the Correlation with Lung Function

One year after the HCWs were discharged from
the hospital, physical function was measured
using SGRQ, mMRC, and Borg scores (Table 4).
The median SGRQ total score was 70.75
(27.44–106.57), which was higher than that of
the healthy controls. In relation to the SGRQ

Table 1 continued

Characteristics All Group (N = 303)

HCWs with mild/moderate
illness (n = 113)

HCWs with critical/severe
illness (n = 190)

p value

IgG positive, n (%) 237 (83.45) 79 (73.83) 158 (89.27) 0.0007

Data are presented as median (interquartile range, IQR) for continuous variables and n (%) for categorical variables.
Kruskal-Wallis (K-W) test was used for continuous variables and chi-square test or Fisher’s exact test for all categorical
variables
HCWs health care workers, IQR interquartile range, BMI body mass index
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Table 2 Pulmonary function and 6MWT of surviving HCWs

Characteristics All Group (n = 303)

HCWs with
mild/moderate illness
(n = 113)

HCWs with
critical/severe illness
(n = 190)

p value

Age, median (IQR),

years

39.00 (33.00–48.00) 38.00 (31.00–46.00) 39.00 (34.00–49.00) 0.0476

Sex

Female, n (%) 244 (80.53) 91 (80.53) 153 (80.53) 0.9992

BMI, median (IQR),

kg/m2

23.44 (21.30–25.71) 22.72 (20.96–24.99) 24.00 (21.48–25.97) 0.0093

Spirometry, median (IQR)

FEV1 (l), % predicted 98.00 (89.80–106.00) 97.90 (90.20–105.30) 98.00 (89.60–106.00) 0.9099

\ 80% pred, n/N (%) 23 (7.59) 11 (9.73) 12 (6.32) 0.2772

VCmax (l), %

predicted

104.90 (97.70–112.80) 105.10 (96.20–111.40) 104.90 (97.90–113.60) 0.4297

FVC (l), % predicted 106.70 (99.00–115.40) 106.50 (97.90–114.40) 107.05 (99.40–115.70) 0.2603

\ 80% pred, n/N (%) 7 (2.31) 4 (3.54) 3 (1.58) 0.2719

FEV1/FVC, % 77.90 (74.46–81.69) 78.73 (74.30–81.89) 77.53 (74.56–81.43) 0.191

\ 70%, n/N (%) 24 (7.92) 9 (7.96) 15 (7.89) 0.9826

FEV1/VCmax, % 77.58 (74.03–81.33) 77.97 (74.30–81.57) 77.06 (73.88–80.89) 0.1456

PEF (l/s), % predicted 104.90 (95.10–114.50) 104.30 (93.80–110.20) 105.60 (95.70–116.10) 0.0252

MEF75 (l/s), %

predicted

99.60 (85.70–113.50) 98.70 (84.10–110.80) 100.55 (86.00–113.70) 0.4874

\ 65% pred, n/N (%) 14 (4.62) 3 (2.65) 11 (5.79) 0.2088

MEF50 (l/s), %

predicted

71.90 (59.90–86.50) 70.90 (60.60–86.50) 72.25 (59.00–86.00) 0.8654

\ 65% pred, n/N (%) 113(37.29) 44(38.94) 69 (36.32) 0.6481

MEF25 (l/s), %

predicted

49.40 (38.20–62.20) 53.70 (40.40–63.00) 47.80 (37.30–61.80) 0.0887

Lung volume, median (IQR)

TLC (l) % predicted 96.70 (91.00–103.10) 97.10 (91.10–103.20) 96.65 (90.90–102.90) 0.8388

\ 80% pred, n/N (%) 16 (5.28) 6 (5.31) 10 (5.26) 0.986

RV (l) % predicted 95.50 (84.60–105.60) 98.30 (86.30–108.70) 93.65 (83.90–103.20) 0.0632

\ 65% pred, n/N (%) 8 (2.64) 3 (2.65) 5 (2.63) 0.9902

FRC (l) % predicted 95.15 (83.30–110.40) 102.60 (86.90–112.40) 93.00 (82.50–107.10) 0.005

RV/TLC, % 31.34 (27.90–34.57) 31.61 (27.37–34.99) 31.26 (27.92–34.48) 0.8009
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subscale scores, the symptoms score was 17.25
(6.32–34.83), the activity score was 35.24
(11.94–47.69), and impacts score was 13.65
(3.83–32.31). The SGRQ total score and three
sub-aspect scores were all significantly higher in
the critical/severe illness group than in the
mild/moderate illness group. A total of 143
(60.59%) surviving HCWs had mMRC grade C 1

dyspnea. After exercise, 85.59% of the HCWs
had dyspnea or Borg scale score[1. The rate of
mMRC and Borg scores[ 1 was significantly
higher in participants with critical/severe ill-
ness. The validated Chinese version of the ETI
was used to diagnose probable PTSD (Table 5).
The 1-year prevalence of probable PTSD (sum of
the intrusion, avoidance, and hyperarousal

Table 2 continued

Characteristics All Group (n = 303)

HCWs with
mild/moderate illness
(n = 113)

HCWs with
critical/severe illness
(n = 190)

p value

FRC/TLC, % 53.73 (47.96–59.48) 55.42 (49.91–62.09) 52.58 (47.19–58.19) 0.0007

Diffusion capacity (n = 200), median (IQR)

DLCO, mmol/min/

kPa

7.16 (6.39–8.42) 7.05 (6.34–8.35) 7.20 (6.43–8.43) 0.8478

DLCO% predicted 84.60 (76.90–95.00) 84.20 (76.30–94.60) 84.80 (77.60–95.10) 0.5984

\ 80% pred, n/N (%) 100 (43.48) 41 (47.67) 59 (40.97) 0.3212

DLCO/VA, mmol/

min/kPa/l

1.57 1.42–1.73) 1.53 (1.42–1.71) 1.58 (1.42–1.75) 0.9874

DLCO/VA%

predicted

91.40 (81.50–100.40) 90.70 (81.00–98.10) 91.80 (81.70–101.00) 0.3789

\ 80% pred, n/N (%) 58 (29.15) 23 (30.67) 35 (28.23) 0.7135

Distance walked in

6 min, median

(IQR), m

555.00 (516.00–591.00) 564.00 (525.00–603.00) 549.50 (514.00–582.00) 0.0435

Percentage of

predicted value, %

87.00 (81.00–94.00) 86.00 (81.00–94.00) 87.00 (81.00–94.00) 0.8173

Less than lower limit

of the normal range

58 (19.4) 23 (20.4) 35 (18.8) 0.8610

Data are presented as median (interquartile range, IQR) for continuous variables and n (%) for categorical variables.
Kruskal-Wallis (K-W) test was used for continuous variables and chi-square test or Fisher’s exact test for all categorical
variables. DLCO was measured through single-breath method
HCWs health care workers, IQR interquartile range, BMI body mass index, FEV1 forced expiratory volume in 1 s, VC vital
capacity, FVC forced vital capacity, PEF peak expiratory flow, MEF maximal expiratory flow, TLC total lung capacity, RV
residual volume, FRC functional residual capacity, SB single-breath method, DLCO diffusing capacity of the lung for carbon
monoxide, VA alveolar ventilation
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scores[27 points) was 21.90%; however, there
was no significant difference between the two
groups. There were no correlations of SGRQ,
mMRC, and Borg scores with lung function
parameters (Fig. 4B and C). However, there was
a significant negative correlation between PTSD
symptom scores and DLCO.

Risk Factors for Diffusion Impairment,
Probable PTSD, and Physical Function
Impairment

Twelve months after discharge, surviving HCWs
presented with lung diffusion function impair-
ment, physical function impairment, and PTSD.

A multiple linear regression analysis was per-
formed to explore the association among dif-
fusion function impairment, physical function
impairment, PTSD, and sociodemographic
variables (sex, age, and education). Women had
an OR of 7.83 (95% CI 2.54–24.13) for diffusion
impairment. There was no significant associa-
tion between other sociodemographic variables
and impairment of diffusion function. Partici-
pants with critical/severe illness in the acute
phase had an OR of 7.02 (95% CI 2.44–11.61)
for physical function impairment. Nurses had
an OR of 6.22 (95% CI 0.81–11.65) for physical
function impairment. The risk of PTSD was not
significant (Fig. 5).

Fig. 2 TLC, % predicted, FEV1/FVC, %, DLCO, % predicted, and DLCO/VA% predicted at 6 and 12 months of follow-
up in HCWs with isolated baseline decrease in lung function. *p\ 0.05, ***p\ 0.001; **p\ 0.01
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Table 3 Residual CT abnormities of surviving HCWs

All Group (n = 256)

HCWs with
mild/moderate illness
(n = 98)

HCWs with
critical/severe illness
(n = 158)

p value

At least one abnormal CT pattern,

n (%)

96 (37.5) 33 (33.7) 63 (39.9) 0.319

GGO, n (%) 63 (24.6) 20 (20.4) 43 (27.2) 0.219

Fibrotic-like changes, n (%) 26 (10.2) 10 (10.2) 16 (10.1) 0.984

Consolidation, n (%) 8 (3.1) 1 (1) 7 (4.4) 0.127

Parenchymal bands, n (%) 9 (3.5) 4 (4.1) 5 (3.2) 0.699

Traction bronchiectasis, n (%) 4 (1.6) 2 (2.0) 2 (1.3) 0.627

Lung architectural distortion, n (%) 18 (7.0) 8 (8.2) 10 (6.3) 0.577

Reticulation, n (%) 2 (0.8) 0 (3.5) 2 (1.3) 0.264

Subpleural cystic airspace/BULLAE,

n (%)

0 0 0

Thickening of adjacent pleura, n (%) 22 (8.6) 9 (9.2) 13 (8.2) 0.791

Volume of lung lesions, median

(IQR), cm3

0.03

(0.00–0.33)

0.01 (0.00–0.43) 0.05 (0.00–0.29) 0.125

Volume of solid component, median

(IQR), cm3

0.01

(0.00–0.06)

0.00 (0.00–0.05) 0.01 (0.00–0.07) 0.382

Volume of GGO, median (IQR), cm3 0.01

(0.00–0.23)

0.01 (0.00–0.32) 0.01 (0.00–0.21) 0.296

Volume ratio of lung lesion to total

lung, median (IQR), %

0.00

(0.00–0.01)

0.00 (0.00–0.01) 0.00 (0.00–0.01) 0.995

Volume ratio of solid component to

total lung, median (IQR), %

0.00

(0.00–0.00)

0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.271

Volume ratio of GGO to total lung,

median (IQR), %

0.00

(0.00–0.01)

0.00 (0.00–0.01) 0.00 (0.00–0.03) 0.717

CT score, median (IQR), % 0.00

(0.00–0.00)

0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.917

Data are presented as median (interquartile range, IQR) for continuous variables and n (%) for categorical variables.
Kruskal-Wallis (K-W) test was used for continuous variables and chi-square test or Fisher’s exact test for all categorical
variables
HCWs health care workers, IQR interquartile range, GGO ground-glass opacity
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DISCUSSION

Some studies of the previous coronaviruses
(Severe Acute Respiratory Syndrome and Middle
East Respiratory Syndrome) reported long-term
respiratory complications in some patients
[28–30]. Despite few reports on the outcomes of
HCWs during hospitalization, the long-term
consequences of COVID-19 in HCWs who sur-
vive COVID-19 in the acute phase are uncertain
[31–33]. In our study, we assessed lung func-
tion, residual CT abnormalities, and physical
and psychiatric functions in surviving HCWs
after the COVID-19 outbreak in China. One
year after discharge, blood biochemistry test
results, the immune-inflammation index, gly-
cemia, glycosylated hemoglobin levels,
myocardial injury, and coagulation function
marker levels had returned to normal. Most
surviving HCWs had positive IgG tests 1 year
after discharge; this suggests that in survivors
the risk of re-infection 1 year after discharge is
low. However, decreased lung diffusion func-
tion, abnormal CT pattern, impaired physical

function, and psychiatric disorders were
observed during the 1-year follow-up.

In this study, the lung function assessment
showed that 40.97% of HCWs who survived
mild/moderate COVID-19 and 47.67% of HCWs
who survived severe/critical COVID-19 had a
pulmonary diffusion abnormality 1 year after
discharge. The diffusion capacity of the surviv-
ing HCWs was better at 1 year compared to that
at 6 months. In our previous studies, we found
that 41.7% of mild/moderate COVID-19 sur-
vivors and 47.1% of severe/critical COVID-19
survivors had a reduced DLCO at the 3-month
follow-up [20]. A recent study reported that
78/243 (32.1%) patients had a reduced DLCO
1 year after discharge [34]. Compared to the
previous study (median age, 60.0 years), our
study population was younger (median age 38.0
and 39.0 years in the mild/moderate and sev-
ere/critical groups, respectively), and our study
had a larger sample size. Patients infected with
SARS also had persistent lung function impair-
ment: previous studies reported that 23.7% (85/
311) of SARS survivors had impaired DLCO after
1 year [35]. The results suggest that the impact

Fig. 3 Series CT scans of a representative moderate
patient and a critical patient. A The upper row shows a
38-year-old woman with moderate COVID-19 pneumonia
and the lower row a 37-year-old woman with critical
COVID-19 pneumonia. The lesions of both patients on
CT images dramatically decreased from discharge to

12-month follow-up. B Schematic diagram of lesions
outlined by AI on CT images. The upper image is the
original CT slice and the lower one the AI-based lesion
outline. The outlined blue area represents lesions of GGO,
and the red area represents lesions of the solid component
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of SARS-CoV-2 on the pulmonary diffusion
capacity is long-lasting; lung function recovery
is slow in surviving HCWs, and the long-term
lung function recovery of HCWs needs to be
monitored. In the multivariable analysis in our
study, surviving female HCWs had a higher risk
of abnormal diffusion function; this is consis-
tent with previous studies [15, 34, 36]. However,
in our study, the proportion of nurses and
females among infected HCWs was high. The
underlying relationship between sex and
impaired DLCO needs further investigation.

The difference in lung function recovery was
not significant between the mild/moderate and
severe/critical COVID-19 groups. Furthermore,
there was no association between disease
severity and impairment of diffusion capacity in
the multivariable analysis. However, pulmonary
diffusion abnormality was associated with
COVID-19 severity in the acute phase [15]. In
this study, 19.4% of surviving HCWs had a
reduced 6MWD; this proportion is higher than
that in a study of COVID-19 survivors at
12 months post-discharge (12%)[34]. By the end

Fig. 4 Correlation analysis among pulmonary function,
chest CT, physical function scores, and PTSD symptoms
scores in surviving HCWs. A Correlation matrices of chest
CT abnormalities and pulmonary function parameters at
12-month follow-up. B Correlation matrices of pulmonary
function parameters and physical function scores at
12-month follow-up. C Correlation matrices of pulmonary

function parameters and PTSD symptoms scores at
12-month follow-up. The correlation analysis among the
above three comparison groups is highlighted within the
red rectangular boxes. Statistically significant correlations
with p\ 0.05 have been marked as ****p\ 0.0001;
***p\ 0.001; **p\ 0.01, *p\ 0.05
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of the first year after discharge, 37.5% (96/256)
of surviving HCWs had an abnormal CT pat-
tern, and this proportion was higher than the
proportion in a prospective follow-up study of
41 COVID-19 survivors at 1 year (34.6%) [37].
The most common abnormal CT pattern was
pulmonary interstitial change (GGO, 24.6%;
fibrotic-like changes, 10.2%), which was similar
to the long-term lung manifestations of SARS
[38]. This finding was consistent with the
reported negative correlation of extent of CT
abnormalities and DLCO.

Many of the data on physical and psychiatric
issues, such as decreased health-related quality
of life, dyspnea, sleep problems, PTSD, depres-
sion, and anxiety symptoms, have been repor-
ted in HCWs [13, 17, 35, 39]. Our study also
investigated the physical and psychiatric func-
tions of surviving HCWs. Most surviving HCWs
had a physical decline 1 year after discharge,
and the decline was worse in HCWs with severe
disease than in those with moderate. Disease
severity in the acute phase and in nurses was
associated with a high risk of impaired physical
function in the multivariable analysis; this

Table 4 Physical function of surviving HCWs

Characteristics All Group (N = 236)

HCWs with mild/moderate
illness (n = 88)

HCWs with critical/severe
illness (n = 148)

p value

Age, median

(IQR), years

39.00 (34.00–48.00) 39.00 (31.00–46.00) 39.50 (34.00–48.00) 0.1845

Sex

Female, n (%) 190 (80.51) 69 (78.41) 121 (81.76) 0.5301

BMI, median

(IQR), kg/m2

23.60 (21.32–25.78) 22.83 (20.97–25.19) 24.00 (21.48–25.95) 0.0336

SGRQ, (IQR)

Symptoms scores 17.25 (6.32–34.83) 15.49 (5.12–32.42) 21.7 (6.96–37.32) 0.022

Activity scores 35.24 (11.94–47.69) 23.33 (5.25–41.42) 41.08 (20.73–53.16) 0.006

Impacts scores 13.65 (3.83–32.31) 7.36 (0–23.55) 18.45 (5.03–35.71) 0.022

Total scores 70.75 (27.44–106.57) 15.92 (4.85–29.06) 9.78 (28.05–39.79) 0.022

mMRC scores

0 93 (39.41) 44 (50.00) 49 (33.11) 0.0102

C 1 143 (60.59) 44 (50.00) 99 (66.89)

Borg scores

0 34 (14.41) 18 (20.45) 16 (10.81) 0.0413

C 1 202 (85.59) 70 (79.55) 132 (89.19)

Data are presented as median (interquartile range, IQR) for continuous variables and n (%) for categorical variables.
Kruskal-Wallis (K-W) test was used for continuous variables and chi-square test or Fisher’s exact test for all categorical
variables
HCWs health care workers, IQR interquartile range, BMI body mass index, SGRQ St. George questionnaire, mMRC scores
modified Medical Research Council dyspnea scale
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suggests that surviving HCWs had persistent
physical function impairment, consistent with
a previous follow-up survey of 538 patients with
COVID-19 [40]. In a previous survey of first-line
HCWs during the COVID-19 outbreak, HCWs
in Wuhan reported more severe symptoms of
depression, anxiety, insomnia, and distress than
HCWs in Hubei (outside Wuhan) or outside
Hubei [2]. An Italian study showed that the
mental health state of HCWs was worsening
during the emergency compared with the time
before the SARS-CoV-2 pandemic onset, and
female HCWs achieved higher depression
symptom scores [39]. In our previous study,
19.9% of surviving HCWs had probable PTSD

6 months after acute exposure to COVID-19
[41]; by 1 year after discharge, the proportion
was 21.90% in our study, and we found no
statistical gender risk for PTSD. We also found
that PTSD scores were negatively associated
with DLCO, although the correlation was weak.
Previous study reported that lifetime or
12-month experience of depression was associ-
ated with lower FEV1 and FEF25–75%, but the
PTSD do not predict a difference in respiratory
function of young adults [42]. These results
suggest that mental health care is an urgent
need for surviving HCWs. To achieve this, var-
ious intervention methods are appropriate, such
as training on stress management, reducing

Table 5 Scores of PTSD symptoms of HCWs

Characteristics All Group (N = 210)

HCWs with mild/moderate
illness (n = 85)

HCWs with critical/severe
illness (n = 125)

p value

Age, median (IQR),

years

38.00

(33.00–48.00)

39.00 (31.00–45.00) 38.00 (33.00–48.00) 0.3764

Sex

Female, n (%) 171 (81.43) 71 (83.53) 100 (80.00) 0.5186

BMI, median (IQR),

kg/m2

22.96

(21.23–25.47)

22.64 (20.70–24.99) 23.68 (21.48–25.78) 0.0404

PTSD symptoms scores, median (IQR)

Avoidance 7.00

(5.00–10.00)

7.00 (4.00–9.00) 8.00 (5.00–10.00) 0.0574

Intrusions 5.00

(4.00–7.00)

5.00 (3.00–6.00) 6.00 (4.00–8.00) 0.0484

Hyperarousal 6.00

(4.00–8.00)

6.00 (4.00–8.00) 6.00 (4.00–8.00) 0.1614

Dissociation 5.00

(2.00–7.00)

4.00 (2.00–7.00) 5.00 (3.00–7.00) 0.1084

PTSDETI scores 19.00

(13.00–26.00)

17.00 (12.00–24.00) 20.00 (14.00–26.00) 0.0542

Possible PTSD,

n (%)

46 (21.90) 15 (17.65) 31 (24.80)

Data are presented as median (interquartile range, IQR) for continuous variables and n (%) for categorical variables.
Kruskal-Wallis (K-W) test was used for continuous variables and chi-square test or Fisher’s exact test for all categorical
variables. DLCO was measured through single-breath method
HCWs health care workers, IQR interquartile range, BMI body mass index, PTSD post-traumatic stress disorder
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working hours, and providing psychological
counseling.

This is the first study on long-term lung
function, residual CT abnormalities, and phys-
ical and psychiatric functions in HCWs with
COVID-19 after discharge. However, this study
has several limitations. First, we lacked baseline
data on pulmonary and physical function.
However, the participants were young, and
participants with chronic pulmonary disease
were excluded. Furthermore, the observed
impaired pulmonary function and physical
function can be attributed in part to COVID-19.
Second, we did not have the health rehabilita-
tion data of non-HCWs matched according to
age. The differences in health rehabilitation
between HCWs and non-HCWs require further
study. Third, individuals with COVID-19 con-
sequences and who were more concerned about
their health were more likely to participate in
this study, which may have caused self-selec-
tion bias. This could have overestimated the
probability of non-recovered surviving HCWs
and exaggerated the impact of COVID-19.

CONCLUSION

Our results suggest that surviving HCWs expe-
rienced long-term consequences of COVID-19.
These included pulmonary rehabilitation as
well as physical and psychiatric function
impairment. However, a comparison study of
the difference in these long-term consequences
between HCWs and non-HCWs is needed.
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M, Kinuthia J, Rössler W, Petersen S, Unutzer J,
Saxena S, et al. Mental health consequences for
healthcare workers during the COVID-19 pan-
demic: a scoping review to draw lessons for LMICs.
Front Psychiatry. 2021;12:602614.

17. Zhang WR, Wang K, Yin L, Zhao WF, Xue Q, Peng
M, Min BQ, Tian Q, Leng HX, Du JL, et al. Mental
health and psychosocial problems of medical
health workers during the COVID-19 epidemic in
China. Psychother Psychosom. 2020;89(4):242–50.

18. Wang W, Song W, Xia Z, He Y, Tang L, Hou J, Lei S.
Sleep disturbance and psychological profiles of
medical staff and non-medical staff during the early
outbreak of COVID-19 in Hubei Province. China
Front Psychiatry. 2020;11:733.

19. Xiong L, Li Q, Cao X, Xiong H, Huang M, Yang F,
Liu Q, Meng D, Zhou M, Wang G, et al. Dynamic
changes of functional fitness, antibodies to SARS-
CoV-2 and immunological indicators within 1 year
after discharge in Chinese health care workers with
severe COVID-19: a cohort study. BMC Med.
2021;19(1):163.

20. Zhou M, Xu J, Liao T, Yin Z, Yang F, Wang K, Wang
Z, Yang D, Wang S, Peng Y, et al. Comparison of
residual pulmonary abnormalities 3 months after
discharge in patients who recovered from COVID-
19 of different severity. Front Med (Lausanne).
2021;8:682087.

21. Jay SJ. Reference equations for the six-minute walk
in healthy adults. Am J Respir Crit Care Med.
2000;161(4 Pt 1):1396.

22. Ong KC, Ng AW, Lee LS, Kaw G, Kwek SK, Leow MK,
Earnest A. 1-year pulmonary function and health
status in survivors of severe acute respiratory syn-
drome. Chest. 2005;128(3):1393–400.

23. Casanova C, Marin JM, Martinez-Gonzalez C, de
Lucas-Ramos P, Mir-Viladrich I, Cosio B, Peces-
Barba G, Solanes-Garcı́a I, Agüero R, Feu-Collado N,
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