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Abstract. Bjorsell T, Sundh J, Lange A, Ahlm C,
Forsell MNE, Tevell S, et al. Risk factors for
impaired respiratory function post COVID-19: A
prospective cohort study of nonhospitalized and
hospitalized patients. J Intern Med. 2023;293:600—
614.

Background. Severe COVID-19 increases the risk for
long-term respiratory impairment, but data after
mild COVID-19 are scarce. Our aims were to deter-
mine risk factors for reduced respiratory function
3-6 months after COVID-19 infection and to inves-
tigate if reduced respiratory function would relate
to impairment of exercise performance and breath-
lessness.

Methods. Patients with COVID-19 were enrolled at
the University Hospitals of Umed and Orebro, and
Karlstad Central Hospital, Sweden. Disease sever-
ity was defined as mild (nonhospitalized), moderate
(hospitalized with or without oxygen treatment),
and severe (intensive care). Spirometry, includ-
ing diffusion capacity (DLco), was performed 3-6
months after hospital discharge or study enroll-
ment (for nonhospitalized patients). Breathless-
ness (defined as >1 according to the modified

Medical Research Council scale) and functional
exercise capacity (l-min sit-to-stand test; 1-
MSTST) were assessed.

Results. Between April 2020 and May 2021, 337
patients were enrolled in the study. Forced vital
capacity and DLco were significantly lower in
patients with severe COVID-19. Among hospital-
ized patients, 20% had reduced DLco, versus 4%
in nonhospitalized. Breathlessness was found in
40.6% of the participants and was associated
with impaired DLco. A pathological desaturation or
heart rate response was observed in 17% of partici-
pants during the 1-MSTST. However, this response
was not associated with reduced DLco.

Conclusion. Reduced DLco was the major respiratory
impairment 3—-6 months following COVID-19, with
hospitalization as the most important risk factor.
The lack of association between impaired DLco and
pathological physiological responses to exertion
suggests that these physiological responses are not
primarily related to decreased lung function.

Keywords: breathlessness, COVID-19, diffusion capa-
city, post-acute COVID-19 syndrome, spirometry

Introduction

As of December 2022, over 600 million cases
of COVID-19 have been reported worldwide
with more than 6 million deaths [1]. In acute
COVID-19, the clinical presentation varies from
asymptomatic or mild flu-like disease to severe
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pneumonitis and respiratory failure. In severe
disease manifestation, a hyperinflammatory state
with disturbed coagulation may lead to dis-
seminated pulmonary microthrombi and diffuse
alveolar damage, causing a diffusion barrier and
a mismatch between pulmonary ventilation and
perfusion [2]. In cases with extended trajectories,

600 © 2023 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0001-5831-4369
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjoim.13614&domain=pdf&date_stamp=2023-02-23

JIM Lung function and symptoms post COVID-19 / T. Bjdrsell et al.

alveolar septal fibrous proliferation and pulmonary
consolidation may explain the clinical feature of
reduced pulmonary compliance [3]. Because of the
large number of SARS-CoV-2-cases worldwide, the
residual lung function in survivors from severe
COVID-19 has become a major research interest.

There is mounting evidence that lung function is
impaired after a severe COVID-19 infection, with
reduced diffusion capacity (DLco) being the main
feature [4-7]. A systematic review of 11 studies
investigating lung function in patients following
COVID-19-related hospitalization reports that up
to one third of patients demonstrated impaired
DLco 1 year after hospital discharge [8]. How-
ever, recent data show that the risk of develop-
ing chronic hypoxemia is very low, and that the
impaired gas exchange can improve over time [9].
In parallel, persisting symptoms, lasting months
to years after disease onset, have proved to be
common in both hospitalized and nonhospitalized
patients. Today this is referred to as post-acute
COVID-19 syndrome (PACS), probably comprising
multiple clinical phenotypes [10-13]. Breathless-
ness has been reported as one of the most com-
mon symptoms in PACS, with a prevalence of up
to 60% [14]. Still, data are scarce when it comes to
the residual lung function in relation to the clinical
presentation after nonhospitalized COVID-19.

The aims of this study were to determine risk
factors for reduced respiratory function 3-6
months after COVID-19 infection and to investi-
gate whether reduced respiratory function related
to impairment of exercise performance and breath-
lessness.

Methods
Study population

Data were provided from the ongoing multicen-
ter CoVUm (host-pathogen interactions, immune
response, and clinical outcome of COVID-19) study
executed at three sites: Umed and Orebro Univer-
sity Hospitals and Karlstad Central Hospital, Swe-
den. The Swedish Ethical Review Authority pro-
vided ethical clearance (number, 2020-01557). The
CoVUm study was conducted in compliance with
the Helsinki declaration.

Nonhospitalized patients aged >15 years and hos-
pitalized patients aged >18 years with a positive
PCR-test for SARS-CoV-2 were eligible for inclu-
sion in the study. Exclusion criteria were inabil-

ity to provide informed consent and inability to
read and communicate in Swedish. The present
study included subjects from the CoVUm cohort
(n= 542) with complete spirometry data within 3-6
months after hospital discharge or, for nonhospi-
talized patients, study enrollment (n= 337) (Fig. 1).
Participants were recruited between April 2020 and
May 2021. None of the participants were vacci-
nated against SARS-CoV-2 at the time of inclusion.

At inclusion, age, sex, body mass index (BMI),
smoking habits, and comorbidities were docu-
mented. Information on the highest level of care
and oxygen treatment/respiratory support was
obtained from electronic case report files. Disease
severity was scored as mild (not hospitalized),
moderate (hospitalized with or without oxygen
treatment), and severe (admitted to the Intensive
Care Unit). Obesity was defined as BMI >30. All
data were collected and managed using REDCap
electronic data capture tools hosted at Umea
University [15, 16].

Lung function tests

Lung function tests were carried out 3-6 months
after inclusion (mild disease) or hospital discharge
(moderate and severe disease). Dynamic spirom-
etry, including forced vital capacity (FVC) and
forced expiratory volume in 1 s (FEV,), was per-
formed, and the FEV, /FVC-ratio was calculated.
Diffusion capacity of the lungs for carbon monox-
ide (DLco) was measured using the single-breath
test. At Umed and Orebro University Hospitals,
lung function tests were carried out using a Jaeger
Master Screen PFT (Vyaire, Mettawa, IL, US) at
the Departments of Clinical Physiology, according
to clinical routine. At Karlstad Central Hospital,
research nurses performed the lung function tests
using a Medikro Pro spirometer (Medikro, Kuopio,
Finland). The latter study individuals did not
contribute to DLco comparative analyses. Lung
function tests were executed according to the
European Respiratory Society (ERS) and Amer-
ican Thoracic Society (ATS) guidelines [17, 18].
Reference values for FEV;, FVC, and DLco were
calculated using The Global Lung Function Initia-
tive (GLI) Network guidelines [19]. Impaired FEV,,
FVC, and DLco were defined as values less than
the lower limit of normal (LLN).

Breathlessness and functional exercise test

Breathlessness was assessed 3 and 6 months
after discharge of hospitalized patients or after
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Included in the
CoVUm study

n=542

5 died within 3 months
of inclusion

200 were excluded:
7 had a false positive test for
SARS-CoV-2
4 missing data: weight and length

Y

2 missing data: sex

187 did not complete lung function
tests within the timespan of 3-6
months

Study sample
n=337
4
Mild disease M(_)derate Severe disease
5 disease i
n=202 i n=30
n=105

Fig. 1 Inclusion flowchart. Source: Extraction of the study sample from the CoVUm study.

enrollment of nonhospitalized patients, according
to the modified Medical Research Council (mMRC)
dyspnoea scale—range 0-4, and the higher the
value, the more breathlessness the patient experi-
ences [20]. The cutoff for breathlessness was set at
mMRC >1, corresponding to “breathlessness when
hurrying on the level or walking up a slight hill”
or less demanding physical activities. The use of
the mMRC scale in the study was implemented
in November 2020 to measure perceived dyspnea
in daily life. As a result, participants who were
included early in the study were not assessed with
the mMRC scale at 3-6 months.

A 1-min sit-to-stand test (1-MSTST) [21] was
performed at a scheduled study visit 3 months
after hospital discharge or study enrollment (non-
hospitalized patients). The 1-MSTST involves the
performance of as many sit-to-stand actions as
possible in 1 min without using the upper limbs.
A pulse oximeter was used to record oxygen
saturation and heart rate before and after the test.
Strassman’s reference values (number of executed
repetitions) for participants aged 20-79 years were
used to calculate the 2.5th and 25th percentile

[22]. A decrease in oxygen saturation of more than
4% units during the test [23] or an increase in
heart rate of <5% or >132% of the baseline value
was considered pathological. As no reference val-
ues for heart rate during the 1-MSTST were avail-
able, the higher cutoff for heart rate was defined as
more than two standard deviations from the mean
in this cohort. During aerobic exercise, the normal
physiological response is a rise in heart rate [24].
However, as no scientific conformity could be found
stating the lower cutoff, this was set at an increase
in heart rate of <5%.

Statistics

Statistical analysis and graphical processing were
carried out using IBM SPSS Statistics (version 28),
Jamovi (version 2.3.18.0), and GraphPad prism
(version 9.0.0). Data are reported as numbers
observed (N), and the percentage of the total
number of observations (%), mean with standard
deviation (SD) (normally distributed values), or
median with interquartile range (IQR) (non-
normally distributed values). Missing data were
handled by complete case analysis. One-way
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ANOVA or t-test was used for group compari-
son of parametric data, Kruskal-Wallis was used
for group comparison of nonparametric data, and
chi-square test was used to compare categorical
variables.

We performed multiple linear regression with per-
cent of predicted FVC (FVC%pred), percent of pre-
dicted FEV; (FEV;%pred), percent of predicted dif-
fusion capacity (DLco%pred), and the number of
repetitions executed during the 1-MSTST, respec-
tively, as outcomes in order to analyze which
factors were associated with lung function and
physical performance. Independent variables were
sex, chronic lung disease, cardiovascular disease,
hypertension, diabetes, smoking (current or pre-
vious), obesity (BMI >30), severity of COVID-19
(mild, moderate, and severe), and age (<40, 40-59,
and >59 years).

Multiple logistic regression with adjustment for
respective lung values and potential confound-
ing factors (same as above) was used to analyze
factors associated with mMRC =>1, pathological
heart rate, and oxygen desaturation during the 1-
MSTST, respectively.

No correction for multiple testing was performed
due to the explorative nature of the analysis of this
study. Statistical significance was set at p < 0.05.

Results
Characteristics of the study population

Out of 542 participants in the CoVUm cohort, 337
completed dynamic spirometry, and 313 completed
the diffusion capacity test at 3-6 months. The
median age of participants with completed spirom-
etry was 51 years (IQR 39-60), and 50.7% were
men. Median time from disease onset to lung func-
tion tests was 101 days (IQR 96-106) for nonhos-
pitalized patients and 124 days (IQR 111-145) for
hospitalized patients. At the 3-month visit, 275
study participants with completed spirometry per-
formed the 1-MSTST. Further baseline character-
istics of the cohort are presented in Table 1.

Severe COVID-19 is the strongest risk factor for
long-term impairment of lung function

At 3-6 months, 6.5% of participants exhib-
ited FVC <LLN, 6.8% showed FEV; <LLN, and
11.2% presented with DLco <LLN. Both FVC%pred
and DLco%pred were inversely associated with

increased disease severity. The FEV,;/FVC-ratio
was significantly higher in the severe group, when
compared with the mild group (Table 2). Among
nonhospitalized participants, 4% showed DLco
<LLN 3-6 months after onset of disease, as com-
pared with 20% of those who were hospitalized.

Multiple linear regression showed that disease
severity (moderate and severe disease) was inde-
pendently associated with lower FVC%pred. Cur-
rent/previous smoking and severe disease was also
independently associated with lower FEV,;%pred.
Cardiovascular disease, current/previous smok-
ing, disease severity (moderate and severe), and
age >60 were associated with lower DLco%pred
(Table 3). Figure 2a illustrates diffusion capacity
in relation to age, sex, and severity (nonhospital-
ized /hospitalized).

Breathlessness is associated with impaired diffusion
capacity and female sex

Breathlessness at 3-6 months was assessed in
254 participants. A total of 103 (40.6%) partici-
pants reported mMRC >1. Among men, 49 (37.4%)
reported mMRC >1 compared to 54 (43.9%) of
women, p = 0.292. DLco <LLN, female sex, smok-
ing (current or previous), disease severity (mod-
erate and severe), and age 40-59 years were all
independently associated with mMRC >1 (Table 4).
Figure 2b illustrates diffusion capacity in relation
to age, sex, and breathlessness. Taken together,
the individuals with DL¢o below LLN are pre-
dominantly hospitalized male patients experienc-
ing breathlessness.

Pathological oxygen desaturation and heart rate
responses are not associated with impaired diffusion
capacity

The median sit-to-stand repetitions performed in
1 min during the 1-MSTST was 35 (IQR 28-48). A
total of 117 (42.9%) participants performed <25th
percentile of the number of repetitions in 1 min and
15 (5.5%) <2.5th percentile.

Twenty-five (9.1%) participants showed a patho-
logical reduction in oxygen saturation (>4% units)
and 9.5% exhibited a pathological heart rate
response, as defined in methods, during the test
(Fig. 3). Among these, a majority suffered from mild
COVID-19 disease (82.7%) and 48.1% were men.
Only two patients in the group who showed an
increase in heart rate with <5% were treated with
beta-blocking agents.
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Table 1. Characteristics of the study population of 337 COVID-19 patients divided by disease severity and pathological heart
rate and/ or oxygen saturation reaction during the 1-MSTST

Pathological
Total Mild Moderate Severe 1-MSTST
Characteristics (n=337) (n=202) (n= 105) (n=30) (n=47)
Age, median (IQR) 51 (39-60) 46 (33-57) 57 (45-65) 57 (50-64) 45 (29-56)
Sex, n (%)
Male 171 (50.7) 84 (41.6) 65 (61.9) 22 (73.3) 23 (48.9)
Female 166 (49.3) 118 (58.4) 40 (38.1) 8 (26.7) 24 (51.1)

BMI, median (IQR)
Smoker, n (%)

26.3 (23.5-30.2) 24.9 (22.7-27.3) 29.7 (25.8-32.5) 31.3 (28.6-34) 24.3 (22-29.3)

Smoker 6(1.9) 4 (3.1) 1(1) 1(3.6) 2 (4.3)

Ex-smoker 84 (26) 38 (19.6) 38 (37.6) 8 (28.6) 10 (21.3)
Level of education, n (%)P

Lower 26 (8.1) 11 (5.5) 13 (14.3) 2 (6.9) 1(2.1)

Medium 112 (34.9) 64 (31.8) 33 (36.3) 15 (51.7) 18 (38.3)

Higher 183 (57) 126 (62.7) 45 (49.5) 12 (41.4) 28 (59.6)
Comorbidity, n (%)

Hypertension 73 (21.7) 22 (10.9) 40 (38.1) 11 (36.7) 5(10.6)

Chronic lung disorder 60 (17.8) 32 (15.8) 22 (21) 6 (20) 4 (8.5)

-Asthma 57 (16.9) 31 (15.3) 21 (20) 5(16.7) 4 (8.5)

Cardiovascular disease 26 (7.7) 9 (4.5) 14 (13.3) 3 (10) 5 (10.6)

Autoimmune disease 22 (6.5) 10 (5) 10 (9.5) 2 (6.7) 2 (4.3)

Diabetes mellitus 19 (5.6) 5(2.5) 13 (12.4) 1(3.3) 0 (0)

Tumor/cancer 5(1.5) 2 (1) 3 (2.9) 0 (0) 0 (0)

Kidney disease 3(0.9) 0 (0) 3 (2.9) 0 (0) 0 (0)

CCI, mean (SD) 0.34 (0.73) 0.22 (0.58) 0.58 (0.95) 0.37 (0.67) 0.15 (0.42)
Drugs before inclusion, n (%)

Inhaled bronchodilators 38 (11.3) 19 (9.4) 15 (14.3) 4 (13.3) 4 (8.5)

Inhaled corticosteroids 36 (10.7) 13 (6.4) 19 (18.1) 4 (13.3) 3 (6.4)

Immunomodulatory treatment 9 (2.7) 3 (1.5) 6 (5.7) 0 (0) 1(2.1)
Disease severity of COVID-19

Mild 202 (59.9) - - - 39 (83)

Moderate 105 (31.2) - - - 4 (8.5)

Severe 30 (8.9) - - - 4 (8.5)

Days admitted to hospital, median 6 (4-10) 0 (0) 5 (3-8) 17 (9-24) 7 (3-20)

(IQR)

Days admitted to ICU, median 7 (2-11) 0 (0) 0 (0) 7 (2-11) 7 (4-16)

(IQR)
Treatment during admission, n (%)

Corticosteroids 95 (28.2) 0 (0) 68 (64.8) 27 (90) 7 (14.9)

Corticosteroids + IL-6-inhibitors 10 (3) 0 (0) 1(1) 9 (30) 2 (4.3)

Remdesivir 23 (6.8) 0 (0) 13 (12.4) 10 (33.3) 2 (4.3)
Maximal level of oxygen

treatment/respiratory support

during admission, n (%)

No oxygen treatment/respiratory 224 (66.5) 202 (100) 22 (21) 0 (0) 39 (83)

support

(Continued)
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Table 1. (Continued)

Pathological
Total Mild Moderate Severe 1-MSTST
Characteristics (n=337) (n=202) (n= 105) (n=30) (n=47)
Oxygen therapy through mask or 40 (11.9) 0 (0) 39 (37.1) 1 (3.3) 2 (4.3)
nasal cannula
High flow nasal cannula 61 (18.1) 0 (0) 44 (41.9) 17 (56.7) 5(10.6)
NIV/CPAP 2 (0.6) 0 (0) 0 (0) 2 (6.7) 1(2.1)
Mechanical ventilation 10 (3) 0 (0) 0 (0) 10 (33.3) 0 (0)

Note: 1-MSTST, 1-min sit-to-stand test; BMI, body mass index; lower education level, Swedish compulsory school of 9
years; medium education level, 2-3 years beyond compulsory school; higher education level, college or university studies;
CCI, Charlson Comorbidity Index; ICU, intensive care unit; NIV, noninvasive ventilation; CPAP, continuous positive airway

pressure.
aAvailable data in 323 participants.
PAvailable data in 321 participants.

Table 2. Lung function outcomes at 3-6 months after COVID-19 divided by disease severity

Moderate
Characteristics Mild (n = 202) (n= 105) Severe (n = 30) p-Value
Spirometry at 3-6 months?
FVC, L 4.34 (3.71-5.13) 4 (3.2-4.9) 3.85 (3.19-4.43) <0.001
FVC, % of predicted 105 (96.2-112) 94.3 (85.9-106) 89.8 (79.9-93.9) <0.001
FVC <LLN, n (%) 5 (2.5) 11 (10.5) 6 (20) <0.001
FEV;, L 3.36 (2.9-3.92) 3.17 (2.58-3.79) 3.08 (2.73-3.65) 0.059
FEV,, % of predicted 101 (91.9-108) 95.1 (86.6-105) 94.6 (81.9-103) 0.008
FEV; <LLN, n (%) 8(4) 9 (8.6) 6 (20) <0.001
FEV;/FVC 0.78 (0.74-0.82) 0.80 (0.75-0.83) 0.83 (0.81-0.85) <0.001
Diffusion capacity at 3-6 months®P
DL¢o, mmol/min/kPa/L 8.03 (6.84-10.1) 7.34 (6.4-8.88) 6.87 (5.3-9.1) <0.001
DLco, % of predicted 98.4 (90.1-107) 89.3 (80.1-97.6) 75.4 (64.2-95.1) <0.001
DLco <LLN, n (%) 8(4) 13 (14.8) 14 (50) <0.001
mMRC at 3-6 months?, n (%)
mMRC 0 118 (72.4) 28 (40) 5(23.8) <0.001
mMRC >1 45 (27.6) 42 (60) 16 (76.2) <0.001

Note: Reported as median (IQR) unless specified otherwise. FVC, forced vital capacity; FEV;, forced expiratory volume in
1 s; DLco, diffusion capacity; LLN, lower limit of normal; mMRC, modified Medical Research Council Dyspnoea Scale.
Significance set at p < 0.05. Statistical test: Kruskal-Wallis test for continuous variables and chi-square test for analysis

of all category variables among the three groups.

23-6 months after hospital discharge or study enrollment (nonhospitalized patients).

PAvailable data in 313 participants.
CAvailable data in 254 participants.

Multiple linear regression showed that cur-
rent/previous smoking, obesity, and moderate
disease severity were associated with a lower num-
ber of repetitions performed during the 1-MSTST
(Table 4). Multiple logistic regression showed no
association with impaired diffusion capacity and a
pathological oxygen desaturation reaction or heart

rate response during the 1-MSTST. Age >60 years
was associated with a lower risk of pathological
heart rate response compared to those aged 16—
39. Two separate populations could be discerned
when DLco was plotted against heart rate and
oxygen saturation responses, respectively (Figs. 4
and 5). As depicted, individuals with pathological
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Table 3. Multivariable linear regression of lung function outcomes at 3—-6 months after COVID-19 (n = 337)

FVC % of predicted

FEV; % of predicted

DLco % of predicted

B-coefficient

B-coefficient

B-coefficient

Variables N (%) (95% CI) p (95% CI) p (95% CI) p
Sex
Male 171 (50.7) Ref Ref Ref
Female 166 (49.3) 2.03 0.192 1.56 0.351 1.98 0.240
(—1.02 to 5.08) (—1.73 to 4.86) (—1.33 to 5.28)
Chronic lung disease 60 (17.8) 0.6 0.764 —2.92 0.176 —2.68 0.217
(—3.33 to 4.52) (=7.16 to 1.31) (—=6.96 to 1.59)
Cardiovascular 26 (7.7 -0.25 0.932 0.87 0.786 —7.69 0.019
disease (—6.09 to 5.58) (—5.43 to 7.17) (—14.12 to —1.27)
Hypertension 73 (21.7) -3.87 0.084 -3.71 0.124 —-2.45 0.317
(—8.26 to 0.52) (—8.45 to 1.03) (—7.28 to 2.37)
Diabetes 19 (5.6) —3.22 0.350 —0.95 0.799 6.79 0.076
(—10 to 3.56) (—8.26 to 6.37) (=0.72 to 14.29)
Smoker or previous 90 (27.9) —3.28 0.061 —4.89 0.010 —-3.98 0.036
smoker (—6.71 to 0.15) (—8.59 to —1.18) (=7.71 to —0.26)
Obesity 89 (26.6) —2.63 0.198 -1.13 0.606 2.45 0.227
(—6.64 to 1.38) (—=5.46 to 3.19) (=1.97 to 6.86)
Severity of
COVID-19
Mild disease 202 (59.9) Ref Ref Ref
Moderate disease 105 (31.2) —5.08 0.008 —1.34 0.515 —-6.66 0.002
(—8.84 to —1.33) (=5.4 to 2.71) (—10.83 to —2.48)
Severe disease 30(8.9) -14.8 <0.001 -7.26 0.026 —-20.59 <0.001
(—20.71 to —8.89) (—13.63 to —0.89) (=27.2 to —14.01)
Age groups (years)
16-39 86 (25.5) Ref Ref Ref
40-59 156 (46.3) 1.51 0.432 2.46 0.237 0.24 0.908
(—2.27 to 5.3) (=1.63 to 6.54) (—3.81 to 4.28)
60+ 95 (28.2) 2.15 0.374 4.34 0.097 -7.75 0.003
(—2.61 to 6.91) (—=0.79 to 9.48) (—12.89 to —2.62)

Note: Multivariable linear regression calculated for the dependent variables FVC % of predicted, FEV; % of predicted
and DLco % of predicted. Reported with g-coefficient and 95% confidence interval (CI). FVC, forced vital capacity; FEV,
forced expiratory volume in 1 s; DLco, diffusion capacity; ref, reference group. Significance set at p < 0.05.

responses to physical activity are predominantly
nonhospitalized individuals without impaired dif-
fusion capacity.

Discussion

This study demonstrates that there is an associ-
ation between disease severity and reduced lung
function 3-6 months after a COVID-19 infection,
with as many as 50% of patients with severe
COVID-19 displaying impaired diffusion capacity
at follow-up. Although a majority of women in

this study presented with mild COVID-19 disease
in the acute phase, they experienced a higher
risk of increased breathlessness at 3-6 months.
Finally, patients with reduced lung function or
diffusion capacity were distinct from those with a
pathological heart rate response or oxygen desatu-
ration during the 1-MSTST, suggesting that these
physiological signs represent different phenotypic
disease entities.

In coherence with previous studies investigating
this topic, this study concludes that the lung
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Age

Fig. 2 (a and b) Diffusion capacity divided by age, sex, disease severity, and mMRC. The dotted line is set at the lower
limit of normal (LLN). (a) The percentage of predicted values of diffusion capacity (DLco) related to age, sex, and disease
severity. (b) The percentage of predicted values of DLco related to age, sex, and the modified Medical Research Council
(mMRC) dyspnoea scale.
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Fig. 3 (a and b) Cutoff values for the 1-min sit-to-stand
test. The dotted areas in the graphs represent
pathological values. (a) The difference in oxygen
saturation (SpOy) before and after the 1-min sit-to-stand
test (1-MSTST). The cutoff value for ASpO, is set at —4%
units; (b), the percentage difference in heart rate (HR)
before and after the 1-MSTST. The cutoff values for AHR
(%) are set at 5% and 132%.

function response after 3—-6 months was associated
with the degree of disease severity during the acute
phase [4-8]|. Furthermore, smoking was associ-
ated with decreased diffusion capacity. Smoking
is known to cause COPD, which in turn may
reduce diffusion capacity due to the development
of emphysema [25, 26].

Several other studies have shown that diffusion
capacity is reduced in women after COVID-19 dis-
ease [27-30]. In this study, which also includes
nonhospitalized patients, we could not identify
this phenomenon when applying reference values
according to GLI. Therefore, this study suggests
that sex does not impact lung function 3-6 months
after COVID-19. Different sex hormones between
men and women have been described to play a

Number of values

-
o
L

-50 05 50 100

132 150 200
AHR (%) at 3 months

role for short- and long-term symptoms of COVID-
19 disease. For example, male sex is known to be
an important risk factor for severe acute disease
and mortality. In contrast, it has been reported
that premenopausal women present with milder
COVID-19 disease in the acute phase, suggest-
ing a protection by female hormones [31-33]. In
support of this view, a recently published report
by Sund et al. showed that estrogen supplemen-
tation in postmenopausal women was associated
with a decreased risk of dying from COVID-19
[34]. As disease severity is the major risk factor
for decreased lung function post COVID-19, this
protection would also result in a reduced risk of
impaired lung function in women. However, female
sex hormones may not only be protective during
COVID-19 disease, as these have been suggested

© 2023 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on hehalf of Association for Publication of The Journal of Internal Medicine. 609
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Fig. 4 Diffusion capacity related to oxygen saturation during exercise. The percentage of predicted values of diffusion
capacity (DLco) related to delta oxygen saturation (SpO,) after the 1-MSTST, impaired diffusion capacity, and disease
severity. Impaired diffusion capacity is defined as DLco under the lower limit of normal (LLN). The red dotted area represents
the group with abnormal desaturation at the 1-min sit-to-stand test (1-MSTST).

to partly be involved in the persistent symptoms
seen in PACS [35, 36].

The next important finding of this study was that
female sex was associated with breathlessness.
Nearly half (42%) of the female study popula-
tion reported breathlessness at 3-6 months after
COVID-19 disease. The pathophysiology behind
PACS after COVID-19-infection is still unknown,
but female sex has been reported as a risk factor
[37-39]. Recently, the hyperventilation syndrome
was proposed as an explanation to the persis-
tent breathlessness seen in PACS [40, 41]. Taverne
et al. examined 10 patients with previous COVID-
19 infection, who reported persistent breathless-
ness without signs of abnormal lung function. Six
of these patients were diagnosed with hyperventila-
tion syndrome and, interestingly, the majority were
women [41]. Although the pathophysiology behind
the hyperventilation syndrome is still unknown, it
has been suggested that it is caused by an abnor-
mal ventilatory control [42]. Another aspect to take
into consideration is that the mMRC scale is sub-
jective and that there could be a sex difference in
how breathlessness is experienced. In view of this,
Ekstréom et al. showed that breathlessness in the

general population was twice as common in women
as in men and that this could be explained by the
smaller absolute lung volumes in women [43].

In addition to impaired lung function and per-
sistent subjective breathlessness, we found that
a significant proportion of the participants (17%)
exhibited an abnormal heart rate response and/or
oxygen desaturation during exercise (1-MSTST).
In three participants, oxygen saturation rate was
reduced by more than 20% units during exer-
cise. Interestingly, as shown in Figs. 4 and 5,
this oxygen desaturation rate phenomenon was not
associated with impaired diffusion capacity. These
data suggest another etiology than persistent lung
injury to be the basis of this condition. We propose
that the pathological heart rate and oxygen satu-
ration responses could be signs of autonomic dys-
function, which has been reported as one of the
clinical features of PACS [44-46]. In-line with our
results, Baranauskas et al. showed that patients
with a history of COVID-19 disease displayed
a reduced heart rate response to exercise com-
pared to controls [47]. Correspondingly, Kurtoglu
et al. investigated heart rate variability in patients
with a history of COVID-19 and found signs of

610 © 2023 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Fig. 5 Diffusion capacity related to heart rate during exercise. The percentage of predicted values of diffusion capacity
(DLco) related to delta HR after the 1-MSTST, impaired diffusion capacity, and disease severity. Impaired diffusion capacity
is defined as DL¢o under the lower limit of normal (LLN). The red dotted areas represent the group with abnormal heart rate

(HR) response during the 1-min sit-to-stand test (1-MSTST).

autonomic cardiac dysfunction [48]. Ladlow et al.
concluded that dysautonomia post COVID-19 is
associated with objective functional limitations,
but not with subjective symptoms or limitations
[49]. This could explain why most patients with
pathological oxygen desaturation and heart rate
responses in the present study did not experience
breathlessness. The impaired functional exercise
capacity may also be impacted by cardiovascu-
lar sequelae post COVID-19, such as myocardial
injury or inflammatory myocarditis [50]. The find-
ings presented herein, especially the high occur-
rence of lung function impairment with a paucity of
symptoms after COVID-19, warrants further inves-
tigation of the long-term respiratory effects of the
disease.

Strengths

This prospective multicenter cohort study is
unique in that it includes a large proportion of
nonhospitalized patients. Its wide inclusion criteria
contribute to a more nuanced and overall picture
of the long-term consequences of COVID-19 com-
pared to studies that only enroll patients with man-
ifest post-COVID-19 symptoms. Employing objec-

tive lung function tests and physiological function
tests strengthens the results of this study. In addi-
tion, the present study also applied the mMRC
scale, which is an internationally validated scale
to stratify severity of breathlessness.

Limitations

A limitation of this study was a restricted availabil-
ity of spirometry for patients with mild disease dur-
ing the first 3 months of the study period. Patients
with symptoms may therefore have been prioritized
and, thus, more common in this cohort than in a
general population of COVID-19 patients. The wide
time span for follow-up was chosen to include as
many participants as possible but could also have
affected the outcome. However, Chen et al. showed
that the change rates of DL¢o%pred were signifi-
cantly greater at 0-3 months than at 3-6 months
after COVID-19 infection [30]. Another limitation
is that the 1-MSTST, to our knowledge, has not
previously been used to evaluate autonomic dys-
function in patients with PACS. Finally, baseline
lung function data prior to COVID-19 were not
available here. This was addressed by performing
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multiple regression, to adjust for known con-
founders of impaired lung function.

Conclusion

The most important risk factor for developing long-
term impairment of lung function and remaining
symptoms of breathlessness is severe COVID-19
that requires hospitalization. Pathological oxygen
desaturation and heart rate responses during exer-
cise suggest that autonomic dysregulation may
contribute to PACS in nonhospitalized patients,
but this phenomenon was unrelated to breathless-
ness and reduced lung capacity. More research on
lung function after COVID-19 disease is needed,
especially with focus on longitudinal data.
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