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Abstract
Background There are emerging data of long-term effects of coronavirus disease 2019 (COVID-19)
comprising a diversity of symptoms. The aim of this study was to systematically describe and measure
pulmonary and extra-pulmonary post-COVID-19 complications in relation to acute COVID-19 severity.
Methods Patients attending a standard of care 3 months post-hospitalisation follow-up visit and those
referred by their general practitioner because of persistent post-COVID-19 symptoms were included.
Patients underwent symptomatic, quality of life, pulmonary (lung function and high-resolution computed
tomography (HRCT)), cardiac (high-resolution ECG), physical (1-min sit and stand test (1-MSTST),
handgrip strength, cardiopulmonary exercise testing (CPET)) and cognitive evaluations.
Results All 34 hospitalised and 22 out of 23 non-hospitalised patients had ⩾1 complaint or abnormal
finding at follow-up. Overall, 67% of patients were symptomatic (Medical Research Council (MRC) ⩾2 or
COPD assessment test (CAT) ⩾10), with no difference between hospitalised versus non-hospitalised
patients. Pulmonary function (forced expiratory volume in 1 s (FEV1) or diffusing capacity of the lung for
carbon monoxide (DLCO)) <80% of predicted) was impaired in 68% of patients. DLCO was significantly
lower in those hospitalised compared to non-hospitalised (70.1±18.0 versus 80.2±11.2% predicted,
p=0.02). Overall, 53% had an abnormal HRCT (predominantly ground-glass opacities) with higher
composite computed tomography (CT) scores in hospitalised versus non-hospitalised patients (2.3 (0.1–
4.8) and 0.0 (0.0–0.3), p<0.001). 1-MSTST was below the 25th percentile in almost half of patients, but
no signs of cardiac dysfunction were found. Cognitive impairments were present in 59–66% of hospitalised
and 31–44% of non-hospitalised patients (p=0.08).
Conclusion Three months after COVID-19 infection, patients were still symptomatic and demonstrated objective
respiratory, functional, radiological and cognitive abnormalities, which were more prominent in hospitalised
patients. Our study underlines the importance of multidimensional management strategies in these patients.
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Introduction
Without doubt the coronavirus disease 2019 (COVID-19) pandemic will cast a long shadow into the
future. With increasing numbers of patients who have survived the disease, it is necessary to attain a better
understanding of the long-term health complications of COVID-19. The lungs are often the first target
organ of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, but we now know that
the virus can spread to many different organs [1–4]. Experience from previous coronavirus outbreaks such
as severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) suggest that
some patients will experience long-term complications [5].

Reports of long-term effects of COVID-19, also referred to as “long COVID”, in more severe hospitalised
and less severe non-hospitalised patients have begun to be published [6–15]. The predominant persistent
symptoms include breathlessness, cough and fatigue. In addition, lung function and chest computed
tomography (CT) changes may be impaired months after the infection [9]. There is also compiling
evidence for neurological complications of COVID-19, especially among the severely affected patients,
including loss of smell and taste, tingling sensations, dizziness and severe fatigue, as well as more severe
outcome [16–18]. A large proportion of COVID-19 patients may also experience persistent cognitive
impairments for months after their recovery [8].

The diversity of symptoms suggests both pulmonary as well as extrapulmonary involvement in long
COVID. It is clearly crucial to understand not only the relative incidence of symptoms and abnormal
findings from different organ systems, but also to what extent they overlap and relate to the severity of
acute COVID-19. In addition, the distribution and mechanisms of post-COVID complications may differ
among long COVID patients that were hospitalised and those not hospitalised during acute COVID-19.
Being affected by more than one type of organ dysfunction significantly contributes to the overall burden
of disease and may impact the speed at which patients return to normal life after their COVID-19 illness.

Hence, the aim of this study was to systematically examine both long-term pulmonary and extrapulmonary
function in a cohort of hospitalised and non-hospitalised patients who had COVID-19 in the spring of
2020. Multidisciplinary assessment included eight different impairment domains comprising respiratory
symptoms, quality of life, working ability, pulmonary function, radiological pulmonary changes, cognitive
assessment, functional status and cardiac-autonomic evaluation.

Methods
This was a cross-sectional study. Diagnosis of COVID-19 was made by a positive PCR test for
SARS-CoV-2 from the upper respiratory tract or a positive COVID-19 IgG titre. Patients were evaluated in
the respiratory outpatient clinic 3 months after discharge (hospitalised group) or resolution of the acute
disease for patients referred by their general physician on three visits, conducted over a period of
maximum 4 weeks. A subgroup of patients was referred for visit including a cardiopulmonary exercise test
(CPET). This study was approved by the regional ethics committee (H-20035553), and all patients gave
their informed consent. Methods are reported in brief and detailed information can be found in the online
supplementary material.

Patient-reported outcomes
Type and degree of respiratory symptoms were assessed using the COPD Assessment Test (CAT) and
Medical Research Council (MRC) dyspnoea score (MRC). References are found in supplementary
methods.

Work Productivity and Activity Impairment Questionnaire (WPAI) and the 5 Dimension 5 Level Quality
of Life Questionnaire (EQ-5D-5L) [19] were obtained. In addition, the Post-COVID-19 Functional Status
(PCFS) Scale [20] was completed. Subjective cognitive functions were assessed with the Cognitive
Failures Questionnaire (CFQ) [21].

Lung function testing
Spirometry and diffusion capacity measurements were performed in accordance with European Respiratory
Society (ERS) recommendations [22].

Functional capacity and cardiopulmonary exercise testing
Participants performed the 1-min sit-to-stand test (1-MSTST) with saturation, heart rate, Borg dyspnoea
measurement and handgrip dynamometry [23]. Cardiopulmonary exercise testing (CPET) was performed
in patients that were symptomatic, had an abnormal lung function and/or if high-resolution computed
tomography (HRCT) scans demonstrated significant pathology. In addition, patients had to be considered
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able to perform the test and understand the instructions given. Decreased ventilatory capacity was defined
as reduced peak oxygen consumption <84% of expected according to age, sex and body height [24].

High-resolution computed tomography of the chest
HRCT images were obtained in inspiration and expiration in supine position. HRCT was analysed using a
scoring system as previously suggested by SØYSETH et al. [25]. Scans were reviewed in random order and
in consensus by two chest radiologists. Both observers (HH and MBA) were blinded regarding clinical
outcome. All items were scored from 0 to 12 (representing 0–100% of lung parenchyma) at four
anatomical levels. A total score was calculated by adding the scores for each finding ranging from 0 to 96.

Assessments of cognitive function
Objective performance-based cognitive functions were assessed with a brief (≈20 min) cognition test
battery consisting of the Screen for Cognitive Impairment in Psychiatry Danish Version (SCIP-D) [26] and
the Trail Making Test-Part B (TMT-B) [27]. Together, these tests measure verbal learning and memory,
working memory, verbal fluency, processing speed and executive function.

Statistical analysis
Data are presented as mean±standard deviation if normally distributed, median (interquartile range)
(non-normal distributed), or count and percentage. Intergroup comparison was performed using a one-way
test if normally distributed, a Kruskal–Wallis test if non-normally distributed or a Chi square test for
categorical variables. Correlation analysis was performed using Pearson’s correlation coefficients.
If missing values were present, they were deleted in pairs. Group comparisons of cognition data were
carried out with independent t-tests or Mann–Whitney tests for normally and non-normally distributed
data, respectively. In case of significant differences in demographic variables between hospitalised and
non-hospitalised patients in age and sex, post hoc analyses were covaried for these variables.
p-values<0.05 were considered statistically significant. Analyses was performed with R (Version 4.0.3).

Results
For patient flow please see figure 1. The protocol was first offered only to patients who had been admitted
to the hospital with severe COVID-19 illness, but it soon became evident through social media and
requests from general practitioners that a similar offer to outpatients was necessary. Unofficially it therefore
became possible for general practitioners to refer patients directly to our research protocol. An overview of
impairment in the different domains are depicted in figure 2.

Demographics
In table 1 we present patient demographics. Hospitalised patients were predominately male; 62% males
among the hospitalised and 30% in the non-hospitalised group, respectively (p=0.04), and significantly
older than non-hospitalised (57 versus 41 years; p<0.001). The main comorbidity was a history of asthma

150 patients admitted to the Respiratory Department
Positive in the

community*

25 patients did not wish to participate

12 patients were not eligible**

12 did not come for their planned visit

34 participants lost to follow-up

33 deceased

34 hospitalised patients
23 referred 

from GP***

117 eligible

83 offered 

follow-up

71 for 

follow-up

59 eligible

FIGURE 1 Flowchart for participants recruited between March 15 and August 31 2020. *: number of
Covid-positive individuals in the community unknown. **: all patients were offered standard of care, which
included LFU, DCO, high-resolution computed tomography (HRCT), clinical evaluation, multidisciplinary team
and follow-up visit with follow-up plan including any additional visit. ***: only patients with dyspnoea or
significant symptoms were referred from their general practitioner (GP).
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in 26% of the patients. Mean body mass index (BMI) was 27.4, and 12 (26%) patients had a BMI of >30.
Out of the 57 patients only one was currently smoking and previous smokers and nonsmokers were evenly
distributed between hospitalised and non-hospitalised groups. In table 1 data on initial COVID-19 for the
34 hospitalised patients are presented. Twenty-one of the 34 patients required oxygen therapy, and about
half of all patients had oxygen delivered by high-flow. Mean duration of hospitalisation was 13 days.

Patient reported outcomes
In table 2 patient-reported outcomes at 3 months are shown. Non-hospitalised patients trended towards
higher CAT scores. Overall, 67% were symptomatic based on CAT or MRC. The median patient reported
EQ5D-5 L “PRO” health status was 70 (55–81). Although not significant, the non-hospitalised patients
perceived their health to be lower than the patients who had been hospitalised. Subjective self-reported
cognitive difficulties on the CFQ were generally high, with 89% reporting large difficulties (scores ⩾43,
corresponding to ⩾1 SD above mean of healthy controls [21]).

Lung function tests and functional status tests
In table 3 we present lung function data and functional status data assessed at the 3-month follow-up.
Overall, 68% of patients had reduced lung function based on FEV1 or DLCO <80% of predicted. DLCO was
lower in hospitalised compared to outpatients (70%±18 predicted and 80% ±11 predicted, respectively,
p=0.023). This holds true when comparing admitted patients with and without oxygen therapy requirement
during acute COVID-19 (66% and 79%, p=0.004). The group means of FEV1 were normal (>80%
predicted) for all patients also when divided into hospitalised and not hospitalised, but lower in the patients
who had been hospitalised (p=0.024)

Exercise capacity was also evaluated by having the patients perform the 1-MSTST and maximal handgrip.
As seen in table 3, almost half of patients (44%) performed below the 25th percentile (compared to

a)

b)

Patients (%)

10 200 4030 50 60 70 80 90 100

Patients (%)
200

Non-hospitalised

Non-hospitalised

Hospitalised

Hospitalised

All patients

All patients

40 60 80 100

0 1 2

Autonomic DC <2.5 ms or PRD >5.75 deg

Radiologic

Lung function FEV1 or DLCO <80% pred

Quality-of-life EQ-5D <0.69 or EQ-5D VAS <0.55

Symptomatic MRC ≥3 or CAT ≥10

Work impairment WPAI >0 or >50% time affected

Functional
Handgrip or 1-MSTST <25th 

percentile or abnormal CPET

Cognition
CFQ >43 or

SCIP clinically impaired

3 4 6 75

1 2 4 6 75

0 2 3 5 764

CT-score >0

FIGURE 2 Long-term impact of coronavirus disease 2019 (COVID-19). a) Number of patients that presented with an impairment in the individual
domains shown for all patients, hospitalised patients and non-hospitalised patients. b) Percentage distribution of number of impaired domains.
DC: deceleration capacity; PRD: periodic repolarisation dynamics; 1-MSTST; 1-min sit and stand test; CPET: cardiopulmonary exercise testing;
FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for carbon monoxide; PCFS: post-COVID functional scale; SCIP: Screen for
cognitive impairment in psychiatry; CAT: COPD Assessment Test; MRC: Medical Research Council Dyspnoea Score; CFQ: Cognitive Failures
Questionnaire; CT: computed tomography; WPAI: Work Productivity and Activity Impairment Questionnaire; EQ-5D: 5 Dimension 5 Level Quality of
Life Questionnaire; EQ-5D VAS: 5 Dimension 5 Level Quality of Life Questionnaire visual analog score.
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population-based reference values [28]) in the 1-MSTST, and almost one-third of patients (28%) performed
below the 25th percentile in handgrip dynamometry (compared to population-based reference values [29]).

CPET was performed in a subset of 31 patients. Overall maximal oxygen uptake (V′O2max) was 27.5 (8.9)
kg·mL·min−1, and only two patients had a V′O2max <80% predicted, while 11 patients had a breathing
reserve of <25%. CPET test was considered normal in 50% of all patients. Although not significant, it was
more often abnormal in the participants that had been hospitalised and requiring oxygen. In all patients it
was either decreased physical fitness (N=11, 35.5%) or decreased ventilatory capacity (N=5, 16%) that was
the main reason for their abnormal CPET.

High-resolution computed tomography of the chest
In figure 3 we present HRCT data at 3 months follow-up. Overall, 53% of patients had abnormalities on
HRCT, and the median total HRCT score was 0.5 (0.0–3.8); hospitalised patients had a higher CT score

TABLE 1 Patient characteristics

Overall Non-hospitalised Hospitalised p-value
hospitalised versus
non-hospitalised

Demographics 57 23 34
Age years 51 (13) 41 (12) 57 (10) <0.001
Male sex n (%) 28 (49) 7 (30) 21 (61) 0.040
Race or ethnic group 0.206
Caucasian n (%) 44 (77) 19 (83) 25 (74)
Asian n (%) 2 (4) 2 (9) 0 (0.0)
African n (%) 2 (4) 0 (0.0) 2 (6)
Indian n (%) 1 (2) 0 (0.0) 1 (3)
Middle Eastern n (%) 8 (14.0) 2 (8.7) 6 (18)

BMI kg·m−2 27 26 29 0.095
BMI >30 kg·m−2 n (%) 12 (26) 3 (14) 9 (36) 0.182
Smoking 0.442
Current smoker n (%) 1 (2) 1 (4) 0 (0.0)
Previous smoker n (%) 22 (39) 8 (35) 14 (41)

Time since cessation years 17 (15) 18 (11) 17 (17) 0.901
Work status 0.023
Working n (%) 45 (79) 22 (96) 23 (68)
Currently out of work n (%) 3 (5) 1 (4) 2 (6)
Retired n (%) 9 (16) 0 (0.0) 9 (27)

Comorbidities
Charlson Morbidity Index 2.26 (2.26) 1.00 (1.00) 3.12 (2.47) <0.001
Diabetes mellitus n (%) 5 (9) 0 (0.0) 5 (15) 0.148
Moderate to severe CKD n (%) 2 (4) 0 (0.0) 2 (6) 0.652
COPD n (%) 2 (4) 0 (0.0) 2 (6) 0.652
Asthma n (%) 15 (26) 4 (17) 11 (32) 0.341

Acute COVID-19 severity
Mean days in the hospital days — 0 13.3 (21.9) —
Oxygen therapy n (%) — 0 21 (61.8) —
Maximum oxygen L·min−1 of those
on oxygen

— — 20 (19.6) —

Oxygen >0 and <5 L·min−1 n (%) — — 7 (20.6) —
Oxygen >5 and <15 L·min−1 n (%) — — 4 (11.8) —
HFNC n (%) — — 9 (26.5) —
Intubation n (%) — — 1 (2.9) —
Maximum ferritin µg·L−1 — NA 1340 (440–2295) —
Minimum lymphocytes ×109·L−1 — NA 0.9 (0.7–1.3) —
Maximum CRP mg·L−1 — NA 153 (84–203) —
Maximum LDH U·L−1 — NA 376 (259–531) —
Procalcitonin µg·L−1 — NA 0.16 (0.10–0.66) —
Maximum D-dimer FEU·L−1 — NA 0.87 (0.72–1.65) —

Data is presented as mean (standard deviation) or n (percentage).
BMI: body mass index; CKD: chronic kidney disease; HFNC: high-flow nasal continuous positive airway pressure;
CRP: C-reactive protein; LDH: lactate dehydrogenase; NA: not available.
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than non-hospitalised (2.3 (0.1–4.8) and 0.0 (0.0–0.3), p<0.001). The most common pathology was
ground-glass opacities, which was significantly higher in hospitalised than non-hospitalised patients
(p<0.001).

Cardiac-autonomic evaluation
Cardiac evaluation (history, pro-brain natriuretic peptide (pro-BNP), 12-lead ECG high-resolution ECG)
was normal in all patients but one, who presented with chest discomfort at 3 months follow-up. He was
diagnosed with non-ST-elevation myocardial infarction and underwent revascularisation with stent
implantation.

Participants had a normal median pro-BNP 5.3 (2.7–11.6) with no intergroup differences. Sinus rhythm
was present in all patients but one in the hospitalised group who was known with atrial fibrillation prior to

TABLE 2 Patient reported outcomes at 3-month follow-up

Overall Non-hospitalised Hospitalised p-value

Reported complete restitution 5 (8.8) 1 (4.3) 4 (11.8) 0.621
MRC dyspnoea score 2 (2–3) 2 (2–3) 2 (2–2) 0.106
CAT score 12 (8–18) 16 (10–24) 11 (8–16) 0.069
Cough 1 (1–2) 1 (1–2) 1 (1–2) 0.662
Phlegm 1 (0–2) 1 (0–2) 1 (0–2) 0.552
Chest pain 2 (0–3) 3 (2–4) 1 (0–2.5) 0.001
Breathlessness walking a hill 3 (2–4) 3.5 (3–5) 2 (1–3) 0.001
Limited in activities at home 1 (0–3) 2.5 (1–3) 1 (0–2) 0.125
Confident in leaving home 0 (0–1) 0 (0–1) 0 (0–1) 0.735
I sleep soundly 2 (1–3) 2.5 (0.25–3) 2 (1–2) 0.365
I have lots of energy 3 (2–4) 4 (2.25–4) 3 (1.5–4) 0.034

EQ-5D-5L
Index value 0.74 (0.65–0.86) 0.74 (0.66–0.80) 0.79 (0.65–0.86) 0.646
EQ-5D VAS (0–100) 70 (55–81) 65 (55–79) 75 (59–90) 0.206
PCFS grade after COVID 2 (1–2) 2 (2–2) 1 (1–3) 0.145

WPAI:GH
% work time missed due to health 0 (0–24) 10 (0–41) 0 (0–0) 0.053
% impairment while working due to health 20 (9–45) 35 (20–60) 10 (1–28) 0.095
% overall work impairment due to health 23 (6–66) 54 (20–70) 10 (0.00–27.95) 0.024
% activity impairment due to health 30 (10–60) 45 (30–78) 10 (8–55) 0.020

All test data are reported as median (lower and upper quartile). Intergroup test is performed using one-way test.MRC: Medical Research Council;
CAT: COPD Assessment Test; EQ-5D-5L: 5 Dimension 5 Level Quality of Life Questionnaire; Detailed CAT item scores from 0 to 5, EQ-5D-5L; EQ-5D
VAS: 5 Dimension 5 Level Quality of Life Questionnaire visual analog score; PCFS; post-covid-19 functional scale; WPAI:GH: Work Productivity and
Activity Impairment Questionnaire: General Health and Disease Specific Version. Number of completed questionnaires: MRC: 53, CAT: 53, EQ-5D-5L:
48, PCFS: 45, WPAI: 48.

TABLE 3 Lung function and functional tests at 3-months follow-up

Overall Non-hospitalised Hospitalised p-value

Lung function testing
FEV1 % pred 90 (16) 96 (13) 86 (17) 0.024
FVC % pred 89 (17) 97 (14) 84 (17) 0.002
FEV1/FVC % 81 (7) 82 (7) 81 (8) 0.835
DLCO % pred 74 (16) 80 (11) 70 (18) 0.023
DCLO/VA % pred 89 (16) 87 (11) 90 (18) 0.637

1-MSTS 0.474
>25th percentile n (%) 30 (52.6) 12 (52.2) 18 (52.9) 0.792
⩽25th percentile n (%) 25 (43.9) 11 (47.8) 14 (41.2) —

Max handgrip 0.294
>25th percentile n (%) 39 (68.4) 18 (78.3) 21 (61.8) 0.737
⩽25th percentile n (%) 16 (28.1) 5 (21,7) 11 (32.4) —

FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon
monoxide; DCLO/VA: diffusion capacity/alveolar volume; 1-MSTS: 1-min sit and stand.
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COVID-19. Evaluation of autonomic function showed DC and periodic repolarisation dynamics (PRD) in
normal range for both groups.

Cognitive functions
Objective performance-based and subjective self-reported cognition data are presented in table 4.

The percentage of patients with clinically significant cognitive impairment ranged from 51% to 58%,
depending on the cut-off scores implemented for determining “clinically relevant” impairment. Of these,
38–53% of patients showed broad impairments (performance decline on a global cognition measure), and
an additional 4–16% patients showed selective impairments (clinically relevant impairment on ⩾2 of the 6
tests). The frequency of cognitive impairments ranged from 59% to 66% for hospitalised patients and 31%
to 44% for non-hospitalised patients depending on the chosen cut-off. Further detail on cognitive results is
provided in supplementary results.

Correlation COVID-19 severity with follow-up abnormalities
Correlations are depicted in figure 4. At 3-month follow-up, symptom scores (CAT, MRC) were not
correlated with lung function (spirometry and diffusion capacity) or HRCT data. However,
post-COVID-19, HRCT total score was associated with FEV1 (R=−0.49; p<0.001) and DLCO impairments
(R=−0.61; p<0.001). Moreover, post-COVID-19, FEV1, DLCO and HRCT abnormalities were significantly
associated with hospitalisation duration and maximum oxygen requirement during acute COVID-19 illness.
EQ5D-5 L scores were significantly correlated to self-reported symptoms of dyspnoea by CAT and MRC,
post-covid performance status by PCFS and self-reported cognitive status.

Discussion
We performed a multidisciplinary evaluation of 57 patients 3 months after their COVID-19 illness for
possible physical, cognitive and social complications. Only a small percentage of patients reported
complete subjective recovery. All 34 initially hospitalised patients and 22 out of 23 non-hospitalised
patients had at least one complaint or abnormal finding 3 months post COVID-19. Most noteworthy, in the
cohort of hospitalised patients, was that DLCO decreased below normal and HRCT abnormalities were
found in about half of patients with the most common abnormality being ground-glass opacities.

Impaired lung function has been shown to persist in survivors of COVID-19 pneumonia with impaired
DLCO being the most common abnormality [7, 30], reflecting the pathophysiological changes seen in
acutely ill patients. FEV1 in our patients was on average normal but significantly different between
hospitalised versus non-hospitalised patients and is in accordance with a study of 57 patients evaluated 30
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FIGURE 3 High-resolution computed tomography (HRCT) findings in non-hospitalised and hospitalised. Median computed tomography (CT) scores
for the different radiological entities with comparison between non-hospitalised and hospitalised patients (a) or non-hospitalised, hospitalised
without necessity for oxygen treatment and hospitalised with oxygen treatment (b), respectively. Ground-glass: ground-glass opacities;
Consolidation: airspace consolidation; Reticular: reticular pattern; Parench.Bands: pleuraparenchymal bands; Airtrap: air trapping; Sep.Thicken:
interlobular septal thickening; Bronchiec: traction bronchiectasis and traction bronchiolectasies. **: p<0.01; ***: p<0.001; ****: p<0.0001.
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days after their COVID-19 disease [31]. Our data suggest lung function impairment even 3 months after
COVID-19 and an association with hospitalisation, duration of hospitalisation and oxygen requirement.

We found that hospitalisation and oxygen support resulted in radiological abnormalities at 3 months
follow-up. Hospitalised patients had higher CT-scores, reflecting more abnormalities, than non-hospitalised
patients that were still present 3 months after COVID-19. Only one patient in the hospitalised group who
had been intubated presented with fibrosis at follow-up. Our finding of predominately ground-glass
opacities is in line with a recent study including 103 patients that reported ground-glass opacities in one
out of four patients 3 months after COVID-19 [9]. Five patients in the hospitalised group showed mosaic
attenuation, which may be indicative of perfusion defects. However, only slightly increased d-dimer values
were found at the index stay, and two patients underwent a CT scan with contrast that excluded
thrombosis. It has been hypothesised that pulmonary pathology in COVID-19 is in fact primarily a
vascular thrombotic disease with microemboli being the driver of COVID-19-related acute respiratory
distress syndrome [32]. In one study pulmonary Dual Energy CT (DECT) angiography revealed a
significant number of pulmonary ischaemic areas even in the absence of visible pulmonary arterial
thrombosis [3] which may reflect microthrombosis associated with COVID-19 pneumonia.

In our study we tested physical capacity by functional tests in the form of 1-MSTST, maximum handgrip
and CPET (the latter in a subset of 31 patients) as decrease in these measures has been shown to be
associated with mortality and quality of life in certain patient groups [33] and has been used to assess
exercise-induced desaturation in patients with different pulmonary pathologies including interstitial
pulmonary disease [34]. In short about half of patients doing 1-MSTS and one-third of patients doing the
handgrip dynamometric test performed below the 25th percentile of an age- and sex-matched population,
and this was independent of whether or not patients had been hospitalised. In line with this, only a small
fraction of the patients had severe reduced ventilator capacity as measured by CPET, while a larger fraction
had reduced breathing reserve or deconditioning. We know from the previous SARS epidemic that patients
had impairment in these tests primarily because of physical deconditioning [35]. Collectively, most studies
find decreased physical function after COVID-19 illness at some level. Correspondingly, a low level of
physical capacity was detected in an Italian cohort of COVID-19 patients using 1-MSTST among other
tests [36]. In another recent study evaluating 124 patients at 3 months after COVID-19, although they did
not find that patients had significantly decreased physical capacity evaluated with the 6-min walk distance
(6MWD), they did find that 22% of patients had low 6MWD [37].

TABLE 4 Objective and subjective measures of cognition from the subsample of 45 patients with available cognition data

Overall
(n=45)

Hospitalised
(n=29)

Non-hospitalised
(n=19)

Comparison of inpatients and outpatients

Unadjusted
p-values

p-values in analyses
adjusted for age and sex

Subjects n 45 29 19
Objective performance on cognitive tests
SCIP total score# 70.4 (13.9) 67.4 (13.9) 75.8 (12.7) 0.054 0.12
Test 1: Verbal learning 20.6 (3.9) 19.9 (4.2) 21.7 (3.1) 0.15 0.51
Test 2: Working memory 18.5 (4.1) 18.1 (4.2) 19.3 (4.0) 0.39 0.21
Test 3: Verbal fluency 15.2 (5.4) 14.3 (4.7) 16.7 (6.4) 0.17 0.057
Test 4: Verbal recall 6.5 (2.4) 6.3 (2.8) 6.8 (1.8) 0.55 0.98
Test 5: Psychomotor speed 9.8 (3.1) 9.0 (3.2) 11.3 (2.2) 0.01¶ 0.23
Trail Making Test B: Executive function;
seconds#

101.8 (58.8) 116.2 (65.0) 75.6 (33.6) 0.01¶ 0.50

Subjective self-rated cognitive difficulties
CFQ_Total¶ 63.4 (15.4) 60.9 (15.4) 67.9 (15.0) 0.19 0.71
CFQ Forgetfulness 23.6 (5.3) 22.7 (5.4) 25.2 (4.9) 0.17 0.60
CFQ_Distractability 19.8 (5.3) 19.2 (5.4) 20.8 (5.2) 0.38 0.89
CFQ_False Triggering 17.0 (4.7) 15.9 (4.5) 18.8 (4.8) 0.08 0.32
High CFQ score (scores ⩾43, the mean
of the controls plus 1 SD), n (%)

32 (89%) 19 (83%) 13 (100%) 0.40 —

Data expressed as mean (SD) unless otherwise indicated. SCIP: SCIP: Screen for cognitive impairment in psychiatry; CFQ: Cognitive Failures
Questionnaire. #: as a reference, healthy controls with similar age and education have a mean±SD SCIP Total of 78±9 and Trail Making Test B (TMT-B)
score of 76±31 (note, lower TMT-B scores equals better performance), respectively. ¶: CFQ data only available for 36 of the 45 participants with
cognition data.
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Patients in this study displayed objective performance difficulties on the cognitive tests, with 51–58%
being clinically significant. Notably, subjective cognitive difficulties did not differ between hospitalised
and non-hospitalised patients. Although the sample size of our patient cohort was moderate, this suggests
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FIGURE 4 Correlations between intitial covid, lung function, patient-reported outcomes, symptoms, cognitive measures, functional tests, cardiac
tests and cognitive measures. Pearson correlations for coronavirus disease 2019 (COVID-19), lung function, patient-reported outcomes (PRO),
symptoms, cognition (Cogn.), cardiac and functional. Only correlation coefficients with p<0.05 are shown. * p<0.05; ** p<0.01; *** p<0.001.
CRP: C-reactive protein; FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for carbon monoxide; KCO: carbon monoxide
transfer coefficient; PCFS: post-COVID functional scale; CAT: COPD Assessment Test; MRC: Medical Research Council dyspnoea score; CFQ: Cognitive
Failures Questionnaire; SCIP: screen for cognitive impairment in psychiatry; EQ-5D: 5 Dimension 5 Level Quality of Life Questionnaire; EQ-5D Health/
VAS: 5 Dimension 5 Level Quality of Life Questionnaire visual analog scale; CT: computed tomography; PRD: periodic repolarisation dynamics;
DC: deceleration capacity; V′O2max: maximal oxygen uptake; 1-MSTST: 1-min sit and stand test.
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that cognitive consequences of COVID-19 illness may not only be limited to the most severely affected
patients. In keeping with this, internet-based testing of cognitive functions in >80000 people with
suspected or biologically confirmed COVID-19 revealed most pronounced cognitive impairments in people
who had been hospitalised with COVID-19 illness, but also mild impairments in biologically confirmed
cases with no reported breathing difficulties [38]. Additionally, >90% of our patient cohort presented with
moderate to severe self-reported cognitive difficulties. This is in line with previous evidence for long-term
subjective cognitive sequelae of COVID-19 [8]. Our findings thus add to the emerging evidence for
cognitive consequences of COVID-19 in both hospitalised and non-hospitalised patients that may persist
for several months and impede return to work and daily functioning.

The most common persistent symptoms that patients in our study reported was dyspnoea and chest
discomfort. Accordingly, an Italian study reported that 87% of people discharged from hospital still
experienced at least one symptom 2 months after their initial illness; the more common symptoms being
fatigue, difficulty breathing, and joint and chest pain [6]. Correspondingly GOËRTZ et al. [39] also found
only partial resolution of symptoms 3 months after COVID-19 infection in a sample of previously
hospitalised and non-hospitalised patients.

Limitations
Our study has some limitations. First, this was an observational, cross-sectional study at 3 months after
COVID-19. Patients’ conditions before COVID-19 were often unknown, and clinical data during the initial
hospital stay was only compiled to an extent as clinically necessary and systematically available from
hospital records. It is possible that the abnormalities we find are unrelated to patients’ COVID-19 illness
and may have been pre-existent. Furthermore, progression or regression of long-term consequences cannot
be evaluated yet. Secondly, the study suffers from a selection bias, as non-hospitalised patients were
referred by their general physician because of symptoms. On the other hand, sicker and frail patients may
have refrained from study participation due to severe symptoms or fatigue. In addition, clinical and
laboratory data from non-hospitalised patients during the acute phase were not available. Thirdly, we are
aware that our patient cohort is small in size. However, patients in this study are very well characterised in
terms of their post-covid clinical status and complications, using a broad variety of objective tests.
We considered these data important to report in order to raise awareness of the very large number of
patients that may suffer from long COVID (also in primary care) and to offer the most suitable screening
and follow-up programme for long COVID patients.

Conclusion
In conclusion, we demonstrate that 3 months after COVID-19, the majority of patients showed signs of organ
function impairment, underlining the importance of multidimensional management strategies in these
patients. Most noteworthy, impairment was seen in cognition and quality of life regardless of hospitalisation
and alterations in HRCT of the chest and impaired DLCO that were present in hospitalised patients. Patients,
even though not hospitalised, may still experience reduction in quality of life and perceived health. An
important outcome of the data presented here is that they have contributed to the establishment of
post-COVID-19 clinics on a national basis as well as formed our standard of care follow-up programme.
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