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Background. Long-term health sequelae of coronavirus disease 2019 (COVID-19) may be multiple but have thus far not been
systematically studied.

Methods.  All patients discharged after COVID-19 from the Radboud University Medical Center, Nijmegen, the Netherlands,
were consecutively invited to a multidisciplinary outpatient facility. Also, nonadmitted patients with mild disease but with symptoms
persisting >6 weeks could be referred by general practitioners. Patients underwent a standardized assessment including measure-
ments of lung function, chest computed tomography (CT)/X-ray, 6-minute walking test, body composition, and questionnaires on
mental, cognitive, health status, and quality of life (QoL).

Results. 124 patients (59 * 14 years, 60% male) were included: 27 with mild, 51 with moderate, 26 with severe, and 20 with crit-
ical disease. Lung diffusion capacity was below the lower limit of normal in 42% of discharged patients. 99% of discharged patients
had reduced ground-glass opacification on repeat CT imaging, and normal chest X-rays were found in 93% of patients with mild
disease. Residual pulmonary parenchymal abnormalities were present in 91% of discharged patients and correlated with reduced
lung diffusion capacity. Twenty-two percent had low exercise capacity, 19% low fat-free mass index, and problems in mental and/or
cognitive function were found in 36% of patients. Health status was generally poor, particularly in the domains functional impair-
ment (64%), fatigue (69%), and QoL (72%).

Conclusions. 'This comprehensive health assessment revealed severe problems in several health domains in a substantial number
of ex-COVID-19 patients. Longer follow-up studies are warranted to elucidate natural trajectories and to find predictors of compli-

cated long-term trajectories of recovery.
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By 5 November 2020, the World Health Organization (WHO)
reported more than 47 million confirmed severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) cases world-
wide, and the number of daily new cases keeps increasing [1].
Although the mortality rate is considerable, the vast majority of
SARS-CoV-2-infected patients recover from the acute phase.
Long-term health consequences of this coronavirus disease
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(COVID-19) are yet largely unknown, but many patients are
likely to experience long-lasting morbidity [2]. Indeed, based
on observations from diseases that share COVID-19 character-
istics such as acute respiratory distress syndrome (ARDS) [3],
SARS-CoV [4], and Coxiella burnetii infection (Q fever) [5],
it is hypothesized that, in the long-term, a significant number
of patients with COVID-19 will suffer from lung function im-
pairment, residual pulmonary parenchymal abnormalities,
decreased physical capacity, loss of muscle mass, anxiety, de-
pression, cognitive deficits, post-traumatic stress disorder, fa-
tigue, and poor health status. We aimed to comprehensively
assess these health domains in patients 3 months after recovery
from acute COVID-19.

METHODS

This prospective observational study reports data on 124 pa-
tients who consecutively attended the COVID-19 aftercare
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facility at Radboud University Medical Center (Radboudumc),
Nijmegen, the Netherlands. Within the Netherlands, the
center of the outbreak was close to the city of Nijmegen, and
the Radboudumc treated patients with moderate-to-critical
COVID-19 also including patients who were transferred from
other regions because of capacity problems. In the initial
phase of the outbreak, SARS-CoV-2 reverse transcription-
polymerase chain reaction (RT-PCR) tests were not readily
available for all patients with mild symptoms who did not re-
quire hospital admission; they were advised to stay at home
and self-quarantine until respiratory symptoms resolved.
Patients who had been discharged after inpatient treatment
for COVID-19 were consecutively invited to the aftercare fa-
cility. Also, general practitioner (GP) referrals of RT-PCR-
confirmed or patients with clinically suspected SARS-CoV-2
without hospitalization but with symptoms persisting more
than 6 weeks were included. A standardized health assess-
ment was performed that included questionnaires, physical
measurements, and multidisciplinary consultations followed
by interdisciplinary case discussions. The team consisted of
a pulmonologist, geriatrician, infectious-diseases specialist,
intensive care specialist, nurse practitioner, physiotherapist,
psychologist, dietitian, and social worker. Data were collected
as part of the ongoing prospective observational POST-
COVid-19 recovERY (POSTCOVERY) study, which was
approved by the local medical ethics committee of Arnhem-
Nijmegen, the Netherlands (ref. 2020-0660), and was not sub-
ject to the Medical Research Involving Human Subjects Act.

World Health Organization criteria were applied to divide pa-
tients into mild, moderate, severe, or critical disease categories
[6]. Age, sex, length of stay, SARS-CoV-2 RT-PCR and serologic
results, chest computed tomography (CT) COVID-19 severity
scores [7] on admission, and comorbidities were collected from
patients’ medical records. Social status, educational level, and
smoking status were collected via questionnaires. C-reactive
protein (CRP), D-dimer, ferritin, and leukocyte count at fol-
low-up were collected.

Pulmonary Function and Radiological Imaging

Resting pulse oximetry was performed in a sitting position
at least 5 minutes and while breathing room air. Spirometry,
single-breath diffusion capacity, and body plethysmog-
raphy [8-10] were performed and outcomes were expressed
according to reference values. The modified Medical
Research Council (mMRC) dyspnea scale was assessed [11].
Discharged patients underwent low-dose chest CT imaging
at follow-up. Scanning protocol and structured image inter-
pretation by 2 independent chest radiologists are described
in the Supplementary Methods. Referred patients with mild
disease underwent conventional chest X-ray imaging and the
presence of residual COVID-19 abnormalities was collected
from the radiological report.

Physical Functioning, Body Composition, and Mental and Cognitive Status
The degree of frailty was assessed with the Clinical Frailty Scale
[12]. Scores less than 5 can be considered as not frail, a score of
5 indicates somewhat frail, and scores greater than 5 indicate
frailty. A 6-minute walking test (6MWT) [13] was performed
and outcomes were expressed according to reference values.
Desaturation upon the S MW was defined as a decrease of 4% or
more of the resting saturation [14]. Anthropometry was assessed
by measuring body height and weight and body mass index (BMI)
was calculated as body weight/height squared. Body composition
was assessed by bioelectrical impedance analysis (Bodystat 500;
EuroMedix, Leuven, Belgium) excluding patients with peripheral
edema or pacemaker. Fat-free mass index (FFMI) was calculated
as fat-free mass/height squared, and age-, sex- and BMI-specific
cutoffs were applied to determine the proportion of patients
with an FFMI less than the lower limit of normal (LLN) [15].
Anxiety and depression were measured by the Hospital Anxiety
and Depression Scale (HADS) [16]. The Telephone Interview of
Cognitive Status (TICS) [17] was assessed to screen for cogni-
tive impairment and the Cognitive Failure Questionnaire (CFQ)
[18] to measure self-reported cognitive functioning. The Post-
Traumatic Stress Syndrome (PTSS) Checklist DSM-5 (Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition) (PCL-
5) [19] and the Impact of Event Scale-Revised (IES-R) [20] were
assessed to screen for PTSS and to measure stress reactions after
traumatic events, respectively. Generally accepted cutoff scores
were applied to determine abnormal mental or cognitive status
(HADS-anxiety >10, HADS-depression >10, TICS <34, CFQ
>43, PCL-5 >33, and IES-R >33).

Assessment of Health Status

Health status was measured and valued with the Short Form
Health survey (SF-36) [21] and the Nijmegen Clinical Screening
Instrument (NCSI) [22, 23]. The SF-36 consists of 8 subscales:
physical functioning, social functioning, role functioning, role
emotional, emotional well-being, energy/fatigue, pain, and ge-
neral health with higher scores indicating better health status.
The NCSI is a battery of subscales from questionnaires that was
empirically composed, such that it provides a detailed measure
of health status while being short enough to be used in usual
care. The NCSI measures 22 aspects of 3 health status do-
mains: symptoms (pain, dyspnea [23], and fatigue [24]), func-
tional impairments (behavioral impairment [25] and subjective
impairment [26]), quality of life (QoL; general QoL [27, 28],
health-related QoL [23]), and satisfaction with relations [23]),
with higher scores indicating worse health status. These 22
aspects are aggregated into 10 dimensions for which cutoffs for
normal, mild, and severe problems were applied [22].

Care Delivery
Received treatment by allied health care professionals (AHCPs)
between acute COVID-19 and day of outpatient visit was
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recorded. Advice following interdisciplinary case discussions
was collected and grouped into 1 or more of the following
categories: additional diagnostics, self-management advice,
medication advice, specific advice to the GP, new referral to an
AHCP, new referral to another medical specialist, and referral
to specialized rehabilitation.

Statistical Analysis

Statistical analyses were performed using SPSS statistical soft-
ware program, version 25.0 (IBM Corporation). Between-
group comparisons for continuous variables were tested by
1-way analysis of variance or Kruskal-Wallis test. Categorical
variables were tested with a chi-square test. If a statistically sig-
nificant difference was obtained, a post hoc test was performed
applying Bonferroni correction to account for multiple com-
parisons. Within-group differences of continuous variables
between baseline and follow-up were tested with paired t tests.
Missing data were handled by complete case analysis. A P value
of less than .05 was considered significant.

RESULTS

Between 23 April and 15 July 2020, 171 consecutively dis-
charged patients with COVID-19 were invited to the aftercare
facility, of whom 97 (57%) attended and were included in the
analysis. Reasons for nonattendance are presented in Figure 1.
Compared with discharged patients included in the analysis,
nonattendees had similar mean age, sex distribution, mean
length of stay, and distribution of COVID-19 severity grades
(all P > .05; data not shown). All 27 referred patients with mild
disease were included. Collectively, this study describes the re-
sults of 124 patients.

Table 1 provides demographics, acute COVID-19 character-
istics, comorbidities, and the timing of outpatient follow-up.

Patients with critical disease were younger compared with
patients with moderate-to-severe disease and were predomi-
nantly male. Referred patients with mild disease were younger
than patients with moderate-to-critical disease and were pre-
dominantly female. Increasing COVID-19 severity grade was
paralleled by increases in CT severity scores, length of stay,
and prevalence of pulmonary embolism. Patients with critical
disease had a mean (SD) of 15 (8) intensive care unit (ICU)
treatment days. Twenty-nine percent of patients with moderate-
to-critical disease had no comorbidities, while this was 78% in
referred patients with mild disease. Patients with critical disease
had less comorbidity than patients with moderate and severe
disease. The assessment was performed at a mean (SD) of 13.0
(2.2) weeks after onset of SARS-CoV-2 symptoms and 9.1 (1.6)
weeks after discharge. At follow-up, median CRP, D-dimer, fer-
ritin, and mean leukocyte count showed normal levels in all of
the study groups (Supplementary Table 1).

Table 2 provides the data on dyspnea, lung function, and CT
imaging at follow-up. Referred patients with mild disease re-
ported higher mMRC than patients with moderate-to-critical
disease. Mean (SD) resting oxygen saturation was 96% (1%)
and mean spirometric indices were normal across study groups.
Mean diffusion capacity of the lungs for carbon monoxide
(DLCO) was significantly lower in patients with moderate-
to-critical disease compared with referred patients with mild
disease who had normal mean DLCO. Patients with critical
disease had the lowest mean total lung capacity (TLC) and re-
sidual volume. Differences in lung function outcomes were
unaffected when the 7 patients with chronic obstructive pulmo-
nary disease/emphysema were excluded (data not shown). Chest
X-rays in referred patients with mild disease were normal in 93%
of cases; 2 patients (7%) had mild signs of bronchial disease. On
follow-up CT imaging of discharged patients, 99% of patients

137 Moderate/severe disease patients
34 Critical disease patients

171 Discharged patients were invited to the COVID-19 aftercare facility 27 Mild disease patients

without admission referred
by their GP

74 Were excluded

burdensome
2 For unknown reason
2 Could not be contacted
1 Died

26 Preferred aftercare in their own region
25 Were not interested because they were
already satisfied with their recovery
18 Found attending aftercare visits too le—|

y A 4

124 patients included in the analysis
27 Mild disease patients
51 Moderate disease patients
26 Severe disease patients
20 Critical disease patients

Figure 1. Flow chart of patient inclusion. Abbreviations: COVID-19, coronavirus disease 2019; GP, general practitioner.
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mean (SD), weeks

Table 1. Demographics, Acute COVID-19 Characteristics, Comorbidity, and Timing of Outpatient Follow-up
Patients With Patients With Patients With Referred Patients
Patients With All Patients Critical Disease Severe Disease  Moderate Disease ~ With Mild Disease
Missing Data, n (N =124) (n=20) (a) (n=26) (b) (n=51) (c) (n=27) (d) P
Demographics
Age, mean (SD), y 0 59 (14) 57 (10) 63 (13) 61 (14) 52 (14) b.(310d
Male sex, n (%) 74 (60) 16 (80) 19 (73) 31 (61) 8 (30) .001
Social status, n (%)
Living with spouse 93 (75) 17 (85) 19 (73) 14 (80) 16 (59) 140
Living alone 31 (25) 3(15) 7 (27) 10 (20) 11 (41)
Educational level, n (%) 0
Low 30 (24) 1(5) 12 (46) 14 (28) 3(11) .005
Middle 34 (27) 5 (25) 5 (19) 18 (35) 6 (22)
High 60 (48) 14 (70) 9 (35) 19 (37) 18 (67)
Employed, n (%) 0 71 (57) 16 (80) 11 (42) 24 (47) 20 (74) .008
Smoking status, n (%) 0
Current 2(2) 0(0) 1(4) 0(0) 1(4) .378
Former 74 (60) 12 (60) 19 (73) 30 (41) 13 (48)
Never 48 (39) 8 (40) 6 (23) 21 (41) 13 (48)
Acute COVID-19 characteristics
Laboratory-confirmed 4 107 (86) 20 (100) 24 (92) 49 (96) 14 (52) <.001
SARS-CoV-2, n (%)
Length of stay, median (IQR), 0 8 (5-14) 20 (17-32) 10 (7-10) 5 (3-9) NA <.001
days ab, ac, bc
CT severity score at i 13 (5) 18 (4) 14 (4) 10 (5) NA <.001
admission, mean (SD) ab e, b
Pulmonary embolism, n (%) 0 9(7) 6 (30) 2 (8) 1(2) 0 (0) <.001
Comorbidity, n (%) 0
None, n (%) 49 (40) 7 (35) 5 (19) 16 (31) 21 (78) <.001
No. of comorbidities, 1(0-2) 1(0-2) 2 (1-3) 1(0-3) 0 (0-0) <.001
median (IQR) o ad
b-d, c-d
Cardiovascular 30 (24) 5 (25) 9 (35) 14 (28) 2(7) 109
Oncologic 25 (20) 2 (10) 12 (46) 8 (16) 3(11) .003
Chronic lung disease 23 (19) 1(5) 9 (35) 12 (24) 1(4) .008
Asthma 12 (10) 1(0) 4 (15) 7 (14) 1(4) 145
COPD/emphysema 7 (6) 0 (0) 3(12) 4(8) 0 (0) 173
Other lung disease 4 (3) 0(0) 2 (8) 2 (4) 0(0) .348
Immunocompromised 18 (15) 1 (5) 5 (19) 12 (24) 0 (0) .018
Hypertension 34 (28) 9 (45) 9 (35) 13 (26) 3(11) .060
Diabetes mellitus 17 (14) 0(0) 7(27) 9(18) 1(4) .018
Chronic kidney failure 10 (8) 0(0) 4 (15) 6(12) 0(0) .072
Timing of outpatient follow-up
Time since first SARS-CoV-2 8 13,0 (2, 2) 14,0 (2,0) 12,8 (1, 2) 12,02, 1) 14,7 (2, 2) <.001
complaints, mean (SD), &b, bd, cd
weeks
Time since discharge, 0 10,0 (1, 7) 9,0 (1, 6) 10,2 (1.0) 10,2 (1, 9) NA .(237

Abbreviations: COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; CT, computed tomography; IQR, interquartile range; NA, not applicable; SARS-CoV-2,

severe acute respiratory syndrome coronavirus 2; SD, standard deviation.

“patients with critical disease; "patients with severe disease; °patients with moderate disease; referred patients with mild disease.

had decreased ground-glass opacities (GGOs); in 1%, GGO was
unchanged. Also, the extent of residual pulmonary parenchymal
abnormalities was significantly lower compared with at admis-
sion (Figure 2A). Nine percent of patients had no residual CT
pulmonary abnormalities, while residual GGOs, bronchi(ol)
ectasis, lines or bands, and radiological signs of fibrosis were

present in 86%, 60%, 64%, and 26% of patients, respectively. No
patient had signs of active organizing pneumonia and 1 (mod-
erate disease) patient had minor residual crazy paving. The
extent of residual abnormal pulmonary parenchymal involve-
ment was significantly correlated with DLCO (Figure 2B). More
specifically, presence and number of residual CT items were
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Table 2. Dyspnea, Pulmonary Function, and Chest Computed Tomography Imaging Results 3 Months After Recovery From Acute COVID-19

Patients With Patients With Patients With Referred Patients
Patients With All Patients Critical Disease Severe Disease Moderate Disease ~ With Mild Disease
Missing Data, n (N =124) (n=20) (a) (n=26) (b) (n=51) (c) (n=27)(d) P
Dyspnea
mMRC, median (IQR) 0 1(0-2) 1(0-1) 1(0-2) 1(0-1) 2(1-2) <.dOOC1I
Pulmonary function
Resting oxygen 15 96 (1) 96 (1) 96 (1) 96 (2) 97 (1) .387
saturation, mean
(SD), %
VCmax, mean (SD), 2 99 (16) 98 (15) 92 (17) 102 (18) 100 (9) NN
Y predicted
VCmax <LLN, n (%) 8(7) 1(5) 2(8) 5 (10) 0(0) .378
FEV,, mean (SD), 2 97 (16) 101 (16) 91 (24) 97 (19) 99:(13); .254
% predicted
FEV,<LLN, n (%) 12 (10) 1(5) 3(12) 6(12) 2(7) 774
FEV./VCmax, mean 2 76 (11) 81 (6) 75 (12) 75 (10) 76 (16) .253
(SD), %
FEV NCmax<LLN, n (%) 13 (11) 0(0) 4 (15) 6 (12) 3(11) 372
DLCO, mean (SD), 81 (17) 77 (14) 75 (17) 80 (17) 93 (10) <.001
%predicted achbe)
cd
DLCO <LLN, n (%) 41 (34) 11 (65) 14 (54) 16 (33) 0(0) <.001
TLC, mean (SD), 2 99 (14) 94 (16) 95 (14) 101 (14) 104 (9) 013 2¢
% predicted
TLC <LLN, n (%) 5 15 (13) 4 (20) 3(12) 7 (15) 1(4) .355
RV, mean (SD), 100 (22) 86 (19) 101 (25) 101 (21) 107 (20) .009
% predicted G
RV <LLN, n (%) 5 10 (8) 2 (15) 1(4) 4(9) 2(7) .699
Imaging
Available CT at 13 84 (87) 17 (85) 22 (85) 45 (88) NA -
follow-up, n (%)
Extent of residual CT 13 8 (6) 12 (6) 8 (6) 6 (4) NA .019 *°¢
abnormalities,
median (IQR), arbitrary
unit
Type of residual CT 13
abnormalities
present, n (%)
Ground-glass opacity 73 (86) 16 (89) 18 (86) 39 (85) NA 914
Bronchi(ol)ectasis 51 (60) 12 (67) 10 (48) 29 (63) NA .396
Lines and bands 54 (64) 15 (83) 13 (62) 26 (57) NA 132
Fibrosis 22 (26) 9 (50) 5 (24) 8(17) NA .027
Number of residual 13
CT abnormalities, n (%)
0 81(9) 2 (10) 2 (10) 4(9) NA 267
1 17 (20) 01(0) 5 (24) 12 (26) NA
2 17 (20) 3(17) 6 (29) 8(17) NA
3 23 (27) 6 (33) 3(14) 14 (30) NA
4 20 (24) 7 (39) 5 (24) 8(17) NA

Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; DLCO, diffusion capacity of the lung for carbon monoxide; FEV,, forced expiratory volume in 1 second; FRC,
functional residual capacity; IQR, interquartile range; LLN, lower limit of normal (ie, fifth percentile); MMRC, modified Medical Research Council; NA, not available; RV, residual volume; SD,

standard deviation; TLC, total lung capacity; VCmax, maximal vital capacity.

2patients with critical disease; Ppatients with severe disease; °patients with moderate disease; referred patients with mild disease.

associated with lower DLCO (Figure 2C and 2D). The presence
of signs of residual fibrosis was also associated with older age (68
[12] vs 59 [12] years; P =.004), lower TLC (91 [13] vs 99 [15]
%predicted; P =.031), and more frequent desaturation upon
the 6GMWT (X2 = 4.49; P = .034). Neither individual CT items
nor number of present residual CT items nor extent of residual

abnormalities were associated with Borg dyspnea scores upon
6MWT or mMRC dyspnea scores (data not shown).

Table 3 provides outcomes on physical function, body compo-
sition, and mental and cognitive status. Clinical Frailty Scale out-
comes showed, on average, nonfrail scores. Although the mean
6-minute walking distance (6MWD) was normal, 22% of patients
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Figure 2. A-D, Extent and type of residual pulmonary parenchyma abnormalities 3 months after recovery from acute COVID-19 and association with DLCO. Abbreviations:
COVID-19, coronavirus disease 2019; CT, computed tomography; DLCO, lung diffusion capacity of carbon monoxide. *P< .05.

had a 6MWD less than 80% of predicted. Sixteen percent of pa-
tients desaturated upon the 6MW'T, with similar proportions in pa-
tients with critical, severe, and moderate disease versus 4% in the
referred mild disease group. Desaturators had lower DLCO than
nondesaturators (65 [16] vs 85 [14] %predicted; P <.001). Mean
FFMI was normal, while 19% of all patients had an FFMI less than
the LLN. Abnormal HADS-anxiety, HADS-depression, TICS, CFQ,
PCL-5, and IES-R scores were observed in 10%, 12%, 15%, 17%,
7%, and 10% of patients, respectively, with no statistically significant
differences between the study groups.

Figure 3 shows health status data. Scores on all domains of
the SF-36 were lowered, especially on the domains functioning,
energy/fatigue, and general health. Across all NCSI health
status domains, substantial proportions of patients reported
severe problems. This was most pronounced in the domains
fatigue (69%), functional impairments in daily life (64%), and
general quality of life (72%). Overall, patients with critical, se-
vere, and moderate disease had comparable scores on the SF-36
and NCSI health domains. Referred patients with mild disease
reported significantly worse health status on most subscales of
the SF-36 and on the subdomains of the NCSI as compared with
discharged patients with moderate-to-critical disease.

Care Delivery
In the time between recovery from acute SARS-CoV-2 infec-
tion and outpatient assessment day, 26% of the study cohort

had received treatment by at least 1 AHCP, in particular patients
with critical disease (85%), and most frequently by a physiother-
apist (Supplementary Table 2). Following interdisciplinary case
discussions, additional diagnostics were indicated in 37% of pa-
tients and 85% received self-management advice. Medication
advice was given in 20% of patients, and in 46% specific advice
was given to the respective GPs. New referrals to AHCPs were
indicated in 40% of cases, particularly in referred patients with
mild disease. Sixteen percent of patients were referred to an-
other medical specialist, and 4% of the cohort was referred to
specialized rehabilitation.

DISCUSSION

We report the outcomes of a comprehensive health assessment
in patients 3 months after COVID-19. At this point in time, the
pulmonary parenchyma has recovered significantly: 99% of pa-
tients had lower GGO density and consistent decreases in the
extent of affected pulmonary parenchyma were found across
COVID-19 severity grades. Residual pulmonary parenchymal
abnormalities, however, were present in more than 90% of dis-
charged patients and correlated with the lower lung diffusion
capacity after 3 months. Residual signs suggesting pulmonary
fibrosis were found most frequently in those who had critical
COVID-19 (50%). This was associated with lower TLC, older
age, and exercise-induced desaturation. Our data on decreased
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Table 3. Physical Functioning, Body Composition, and Mental and Cognitive Status 3 Months After Recovery From Acute COVID-19

Patients With Patients With Patients With Referred Patients
Patients With All Patients Critical Disease Severe Disease Moderate Disease With Mild Disease
Missing Data, n (N =124) (n=20) (n=26) (n=51) (n=27) P
Physical functioning
CFS, n (%) 3
Not frail 104 (84) 18 (90) 21 (81) 43 (84) 22 (92) 577
Somewhat frail 6 (5) 0(0) 2 (12) 2 (4) 1(4)
Frail 119 2 (10) 2(8) 6 (12) 1(4)
6MWD, mean (SD), %predicted 9 92 (18) 99 (16) 83 (17) 91 (17) 95 (22) 134
6MWD <80%predicted, n (%) 25 (22) 1(5) 8(32) 13 (28) 3(12) .068
Desaturation >4% upon 6MWT, n (%) 14 20 (16) 4(22) 4(17) 11 (25) 1(4) 194
Body composition
BMI, mean (SD), kg/m? 0 28.3 (5.4) 272 (3.2) 29.6 (4.6) 279 (4.8) 28.8 (78) .387
FFMI, mean (SD), kg/m? 7 19.4 (2.6) 19.2 (1.7) 20.2 (2.3) 19.4 (2.7) 18.6 (3.1) 157
FFMI <LLN, n (%) 23 (19) 4(21) 7(27) 5 (11) 7(27) .260
Mental and cognitive status, n (%)
HADS-anxiety >10 0 12 (10) 2 (10) 2(8) 6(12) 2(7) 912
HADS-depression >10 0 14 (12) 2 (10) 2 (8) 4(8) 6 (22) 241
TICS <34 0 19 (15) 1(5) 6 (23) 9(18) 3(11) .330
CFQ >43 0 21 (17) 3(17) 8(17) 6(12) 4 (15) .210
PCL:5 >33 0 9(7) 1(5) 3(12) 3(6) 2(7) .800
|IES-R >33 2 12 (10) 0(0) 3(12) 7 (14) 2(7) .339
Normal scores on all mental and 2 79 (64) 14 (70) 14 (54) 35 (69) 16 (59) 532

cognitive status questionnaires

Abbreviations: BMI, body mass index; CFQ, Cognitive Failure Questionnaire; CFS, Clinical Frailty Scale; COVID-19, coronavirus disease 2019; FFMI, fat-free mass index; HADS, Hospital
Anxiety and Depression Scale; IES-R, Impact of Event Scale-Revisited; LLN, lower limit of normal (ie, fifth percentile); PCL:5, Post-traumatic Stress Checklist According to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition; SD, standard deviation; TICS, Telephone Interview of Cognitive Status; 6MWD, 6-minute walking distance; BMWT, 6-minute walking

test.

DLCO and mildly decreased TLC in recovered patients with
COVID-19 are in line with previous observations in SARS-
CoV [29] and ARDS [30] survivors and with a previous report
in COVID-19 survivors from China [31]. Our data on radio-
logically assessed pulmonary recovery from COVID-19 are also
in line with emerging reports [32, 33]. The study from Liu et al
[32] showed that 4 weeks after discharge for moderate COVID-
19, significant improvements in the pulmonary parenchyma
were observed by CT imaging. Contrary to these authors who
found that 65% of patients had full resorption of COVID-19
pulmonary abnormalities after 4 weeks, we found only 9% of
our cohort to be free of residual disease after 3 months. Potential
explanations are that we included patients with COVID-19 with
severe and critical disease in addition to those with moderate
disease, and that we used a different CT technique with high-
resolution 0.5-mm slides, allowing for more detailed analysis.
Given the level of respiratory insufficiency, relatively long
lengths of stay, and mechanical ventilation in those with crit-
ical disease (ie, factors known to decrease physical capacity and
muscle mass [34]), it was hypothesized that we would find low
exercise capacity and FFMI at follow-up in our cohort of pa-
tients with COVID-19. This hypothesis was further substanti-
ated by the recent publication in an Italian COVID-19 cohort
showing low levels of physical functioning at discharge [35].
However, mean 6MWD and FFMI proved to be normal. We

speculate that received treatment and natural recovery in the
time between acute infection and outpatient visit contributed to
this observation. It should, however, be noted that still 22% of
our patients had alow 6MWD and 19% had a low FFMI, calling
for continued attention to these potentially modifiable factors.

Approximately one-third of the patients in our cohort had
abnormal outcomes on mental status or cognitive function
3 months after COVID-19. This should raise awareness among
healthcare professionals in COVID-19 aftercare. Post-traumatic
stress syndrome generally develops over time and, from this per-
spective, formally only can be diagnosed after at least 6 months
[36], requiring longer follow-up. A pathophysiological role of
inflammation underlying psychological and psychiatric symp-
toms after COVID-19 has been suggested [37]. Considering our
data that COVID-19 severity grade does not appear to be asso-
ciated with differences in mental or cognitive status, while, in
particular, patients with critical disease are characterized by a
cytokine storm during the acute moment [38], a multifactorial
cause of these phenomena requires more investigation.

Our results indicate that a substantial proportion of patients
still experience severe problems in various health domains
3 months after COVID-19. Referred patients with mild disease
displayed a female predominance and more frequently severe
problems than discharged patients with moderate-to-critical
disease, particularly in the domains of physical functioning,
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Figure 3. Health status on domains of the SF-36 (4) and on subdomains of the Nijmegen Clinical Screening Instrument (B) 3 months after recovery from acute COVID-19.
*P < .05. Abbreviations: COVID-19, coronavirus disease 2019; QoL, quality of life; HrQoL, health-related quality of life; SF-36, Short Form-36.

fatigue, and quality oflife. Since we found no major radiological,
lung function, inflammatory, or exercise capacity abnormalities
in these referred patients with mild disease after 3 months, ex-
planations for their poor health status remain unclear at this
point. Since impaired health status may become chronic as has
been found, for example, ARDS [30] and Q fever [5], our ob-
servations warrant confirmation in larger cohorts and further
long-term investigation.

The strength of our study is the systematic approach and
comprehensive assessment of health status in patients with dif-
ferent severity-grade COVID-19, allowing for a broad view on
COVID-19 sequelae. In addition to survival bias, several factors
should be taken into consideration in the interpretation of the
current results. Selection bias has occurred since some patients
refused hospitalization or ICU admission, or a non-ICU policy
was agreed upon following regular shared decision-making
conversations. Results may be influenced by the lack of data
on patients who refused assessment because they were already
satisfied with their recovery (15%) or found it too burdensome
(11%). Also, the referred patients with mild disease included in
this analysis form a highly selected subgroup who had health
status impairment already for a longer period of time and are

therefore not representative of the COVID-19 population with
mild disease as a whole. Thirteen (48%) of the patients with
COVID-19 with mild disease and 4 (4%) of the patients with
moderate-to-critical disease were not laboratory confirmed
but fulfilled clinical criteria and epidemiological linkage [39].
Considering that symptomatic patients can become seronega-
tive already in the early convalescent phase [40], we chose to
retain these patients with probable COVID-19 in the analysis.
Our study is limited by its single-center design and relatively
small number of patients. Inherent in studying long-term effects
of an acute outbreak such as COVID-19, standardized baseline
measurements of health status and physical measures from be-
fore the acute phase are lacking. Several factors, however, sug-
gest that COVID-19 was responsible for the current findings.
Indeed, 40% had no relevant comorbidity, only 2% were active
smokers, and it was clear from the consultations that the ma-
jority of patients marked the infection as the initiating cause of
their current health problems.

With the SARS-CoV-2 pandemic still ongoing, we are only at
the beginning of understanding long-term sequelae of COVID-
19. The current observational study described ex-COVID-
19 patients at an average of 3 months after the infection, and
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showed that while the pulmonary parenchyma has markedly
recovered, residual abnormalities were frequently present and
were associated with lower lung function. Furthermore, a sub-
stantial number of patients suffered from severe problems in
different health domains, requiring continued attention from
healthcare providers. Longer follow-up studies are warranted
to elucidate natural trajectories of COVID-19 recovery, to find
predictors of complicated long-term trajectories, and to develop
strategies to decrease long-term COVID-19 morbidity.
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