
Original Article

doi: 10.1111/joim.13642

Residual pulmonary infiltrates, symptoms and
diffusion impairment at 1-year after severe COVID-19
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Abstract. Menéndez R, Méndez R, Latorre A,
González-Jiménez P, Peces-Barba G, Molina M,
et al. Residual pulmonary infiltrates, symptoms
and diffusion impairment at 1-year after severe
COVID-19 infection have different associated fac-
tors. J Intern Med. 2023;294:69–82.

Introduction. After severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pneumonia,
patients may show lung sequelae on radiology
and functional impairment at the 1-year follow-
up. We aimed to describe the persistence of symp-
toms, radiological alterations, or reduced diffusing
capacity of the lung for carbon monoxide (DLCO) at
1-year follow-up in patients from the Spanish Reg-
istry RECOVID.

Methods. RECOVID collected symptom and radio-
logical and functional lung tests data on hospital-
ized patients with coronavirus disease 2019 during
the acute phase and at the 6- and 12-month follow-
up visits.

Results. Of the 2500 enrolled survivors (90% admit-
ted to the ward), 1874 had follow-up visits for
up to a year. Of these, 42% continued to present
with symptoms, 27% had radiological sequelae
and 31% had reduced DLCO. Independently asso-
ciated factors included female sex, asthma and the
requirement for invasive or non-invasive mechan-
ical ventilation. Complete radiological resolution
was 72.2% at 12 months; associated factors with
incomplete recovery were age, male sex, oxygen or
respiratory support, corticosteroids and an initial
SpO2/FiO2 <450 or CURB-65 ≥2. Reduced DLCO
was observed in 31% of patients at 12 months;
associated factors were older age, female sex,
smoking habit, SpO2/FiO2 <450 and CURB-65 ≥2
and the requirement of respiratory support.At 12
months, a proportion of the asymptomatic patients
showed reduced DLCO (9.5%), radiological findings
(25%) or both (11%).

Conclusions. The factors associated with symptom
persistence, incomplete radiological resolution and
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DLCO <80% differed according to age, sex, comor-
bidities and respiratory support. The burden of
symptoms, reduced DLCO and incomplete radiolog-
ical resolution were considerable in patients with
SARS-CoV-2 pneumonia at the 1-year follow-up
after hospitalisation.

Keywords: COVID-19, RECOVID, SARS-CoV-2,
SEPAR

Abbreviations: CI, confidence intervals; CPAP, con-
tinuous positive airway pressure; COPD, chronic
obstructive pulmonary disease; COVID-19, coron-

avirus disease 2019; CRP, C-reactive protein; DLCO,
diffusing capacity of the lung for carbon monox-
ide; HFNO, high-flow nasal oxygen; ICU, inten-
sive care unit; IMV, invasive mechanical venti-
lation; IRCU, intermediate respiratory care unit;
NIMV, non-invasive mechanical ventilation; OR,
odds ratio; RECOVID, Spanish COVID-19 Reg-
istry; SARS-CoV-2, severe acute respiratory syn-
drome coronavirus 2; SEPAR, Spanish Society of
Pulmonology and Thoracic Surgery; SpO2/FiO2,
peripheral blood oxygen saturation/fraction of
inspired oxygen

Introduction

After an acute phase of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, a
considerable number of patients develop persistent
symptoms and pulmonary sequelae [1–4]. Post dis-
charge – mainly after severe episodes – these indi-
viduals maintain symptoms and present with alter-
ations in radiographic images and reduced respira-
tory function [5, 6]. These observations have raised
concerns, and as a result, created a strong inter-
est in identifying the factors associated with the
persistence of sequelae in episodes of SARS-CoV-
2 infection with varying initial degrees of sever-
ity, including mild to moderate pneumonia, and
extending beyond those admitted to the intensive
care unit (ICU).

Impairment and reduction in pulmonary diffusion
and residual radiological lung infiltrates are among
the most frequently reported alterations, a finding
consistent with the fact of lungs being the main
target organs of SARS-CoV-2 pneumonia. How-
ever, these lung sequelae do not completely cor-
relate with symptom persistence [7]. Patients with
mild to moderate pneumonia can experience long-
term functional symptoms as well [8]. Under these
circumstances, identification of patients facing a
higher risk of developing long coronavirus disease
2019 (COVID-19) and sequelae is pertinent [9].
Similarly, information regarding the different fac-
tors involved in persistence of symptoms, residual
lung images and reduced diffusing capacity of the
lung is lacking.

Specific persistent symptoms and pulmonary
sequelae are important concerns. Direct repercus-

sions may include a greater risk of exacerbation
in patients with chronic diseases. As in patients
with community-acquired pneumonia, there may
be additional risks of new pulmonary diseases, car-
diovascular events, readmission and late mortality
[10, 11].

The Spanish COVID-19 Registry (RECOVID) con-
ducted a 12-month follow-up of hospitalized
episodes, gathering data on different determi-
nants including host characteristics such as age,
sex and comorbidities; initial episode severity,
including oxygenation, inflammation and lym-
phocyte response; treatment setting, including
conventional room, intermediate respiratory care
unit (IRCU) or ICU; and treatment adminis-
tered for respiratory failure. We hypothesized that
lung sequelae and/or persistent symptoms may
arise from different components or associated
factors.

The objective of this study was to evaluate the fac-
tors associated with symptom persistence, chest
radiographic infiltrates and functional deteriora-
tion in discharged survivors of COVID-19 at 6-
and 12-month follow-ups. Separate analyses of the
related factors would enable gauging of the poten-
tial impact of the following: (1) host characteris-
tics, including age, sex, smoking habit and comor-
bidities; (2) initial severity per analytical parame-
ter and CURB-65 scale; and (3) treatment admin-
istered for respiratory failure, comprising oxygen
and requirements of respiratory support (invasive
or non-invasive mechanical ventilation [IMV or
NIMV]).
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Patients and methods

Design

The Spanish Society of Pulmonology and Tho-
racic Surgery (SEPAR) Spanish Registry for Hos-
pitalised COVID-19 (RECOVID) is a registry of
patients hospitalized in 2020 (March–November)
from 49 Spanish hospitals with a confirmed reverse
transcriptase–polymerase chain reaction diagno-
sis of SARS-CoV-2. Patients with COVID-19 reg-
istered in the pneumology service of each par-
ticipating centre (stratum) were identified. To
achieve a more representative cohort of patients,
including different geographical areas, each cen-
tre recruited groups of 50 randomly selected
patients before entering the data. Only three hos-
pitals recruited consecutive patients. The study
received approval from the Ethics Committee
(Comité Ètic d’Investigació Clínica) of Hospital Sant
Pau, Barcelona on 29 April 2020 and locally from
the various participating centres.

An electronic database hosted on the web plat-
form Xolomon was created to collect general char-
acteristics and common data with specific sections
designed in the form of sub-notebooks. In accor-
dance with Regulation (EU) 2016/679 of the Euro-
pean Parliament and of the Council of 27 April
2016 and Organic Law 3/20 18 of 5 December,
patient confidentiality and identity were protected
using a code.

The study used a data monitor to review incon-
sistencies and missing data and prepare follow-
up questions for each hospital. To deem each case
valid, a minimum of 70% of completed data regard-
ing the fundamental variables were necessary.

Database protocol, follow-up and outcome variables

The database protocol contained data related to
general demographics, smoking habit (current or
former smokers vs. those who had never smoked),
comorbidities (chronic obstructive pulmonary dis-
ease [COPD], asthma, liver disease, chronic kidney
disease, dementia, hypertension, heart disease and
diabetes mellitus) and previous treatments. We
considered three different periods for data collec-
tion: the acute phase at diagnosis and two follow-
up visits post-discharge in survivors (at 6 and 12
months). Data recorded at the time of COVID-19
diagnosis and during hospital admission included
initial symptoms, analytical data, comorbidities,
radiological patterns and treatment. To assess ini-

tial severity, we used the CURB-65 scale, and
for respiratory insufficiency, we collected data
on peripheral blood oxygen saturation/fraction of
inspired oxygen (SpO2/FiO2) ratios. Moreover, we
recorded the initial admission setting (conventional
ward, IRCU or ICU) and the highest respiratory
support required for respiratory insufficiency dur-
ing the hospital stay (low-flow oxygen, reservoir,
high-flow oxygen, continuous positive airway pres-
sure [CPAP], NIMV or IMV).

The follow-up database comprised clinical check-
up visit data at 6 and 12 months, including
information related to symptoms, analytical vari-
ables and complementary explorations. Radiologi-
cal studies (chest radiography or computed tomog-
raphy [CT]) were performed depending on the indi-
cations and data of the patients. Depending on the
judgement of the physician in charge, the diffusion
capacity of the lungs for carbon monoxide (DLCO)
was tested to assess lung function.

Outcome variables: The primary aim of our study
was to determine the complete or incomplete reso-
lution of clinical symptoms, radiological infiltrates
and DLCO (<80% of predicted) after COVID-19 hos-
pitalisation. Additionally, we evaluated mortality
after discharge. The associated factors evaluated
were grouped into three categories: (1) age, sex,
smoking habit and comorbidities; (2) initial episode
severity per CURB-65, SpO2/FiO2, lymphopenia
and C-reactive protein (CRP) level >60 mg/L; and
(3) highest respiratory support during hospital
stay: no oxygen, low-flow oxygen, high-flow oxy-
gen, CPAP, NIMV and IMV. Clinical resolution was
defined as the complete resolution of symptoms,
such as dyspnoea, fatigue, weakness, asthenia,
myalgia, cough, headache, anosmia and ageusia.
Furthermore, we evaluated the persistence of any
alteration on chest radiographs and/or CT scans
to determine the degree of resolution on the radio-
logical images. Lung function tests, spirometry and
DLCO were considered abnormal if the results were
<80% of the predicted values. We recorded mortal-
ity after discharge and the need for rehospitalisa-
tion during follow-up visits.

Statistical analysis

The nature of RECOVID – a registry created during
the pandemic – entails the existence of lost data.
Descriptive analyses of the qualitative and quanti-
tative variables were performed without any impu-
tation of missing data.

© 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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Categorical variables were expressed as per-
centages, whereas quantitative variables were
expressed as either means ± standard deviation
or medians with 25th and 75th percentiles. For
univariate comparisons, we used the chi-square
test and either the Mann–Whitney U or Kruskal–
Wallis test. ANOVA was performed to compare the
three populations. To explore the associated fac-
tors with outcome variables (persistence of symp-
toms, incomplete radiological resolution or DLCO
<80%), odds ratio (OR) 95% confidence intervals
(CI) were calculated for each outcome variable.

Three logistic regression analyses were performed
with each outcome variable as the dependent vari-
able. Independent variables were grouped for each
model: The first model included host character-
istics, such as age, comorbidities and smoking
habit; the second model, initial variables or sever-
ity as assessed per SpO2/FiO2, CURB-65 ≥2, lym-
phopenia (<724 cells/μL) and CRP >60 mg/L;
and the third model, the highest respiratory sup-
port required during hospital stay stratified as no
oxygen, low-flow oxygen, high-flow oxygen, NIMV
(including CPAP) and IMV and corticosteroids.

Results

General cohort characteristics

Of the initial 49 hospitals participating in the
RECOVID Registry, 30 centres declined to partic-
ipate in the follow-up sub-study (Fig. 1). Table 1
shows the baseline characteristics of 1943 patients
at 6 months (available radiological data in 1413
patients and DLCO in 748 patients) and 1874
patients at 12 months (available radiological data
in 1285 patients and DLCO in 755 patients)
(Table 2). Of the patients who were followed up at
12 months, 227 were transferred to the ICU after
being initially admitted to the ward or IRCU. At the
6-month follow-up, 35 of the 1978 patients who
had survived an acute COVID-19 episode died, and
41 (of 1874 patients in total) died between the 6-
and 12-month follow-ups.

Six-month follow-up: clinical features, imaging findings
and lung function tests

In individuals without clinical resolution, dysp-
noea and fatigue were the most frequently reported
symptoms; these were more common in women,
patients with asthma, and patients requiring
respiratory support with high-flow nasal oxygen
(HFNO), NIMV or IMV. Figure 2a depicts the ORs

Fig. 1 Flow chart.

of the analysed factors. Chest radiography was
performed in 1328 patients, and chest CT was
performed in 764 patients. Complete resolution
of the infiltrates was observed in 815 (57.6%)
patients who underwent chest radiography and/or
CT. In patients with incomplete resolution, radio-
logical findings showed persistent infiltrates (29%),
interstitial lung disease (3.6%) and newly diag-
nosed emphysema (1.9%). We observed significant
differences in patients with incomplete resolu-
tion, who presented with a higher percentage of
comorbidities (COPD and cardiac and arterial
hypertension), ICU admission and a higher initial
CURB-65 score. Regarding respiratory support,
a larger proportion of patients treated with IMV,
NIMV or HFNO showed incomplete resolution.
Figure 2b shows the ORs of the analysed factors.

The lung function test DLCO was performed in
784 patients, with abnormal results (<80% of pre-
dicted) in 384 patients (48.9%). The patients with
reduced diffusing capacity of the lungs were older,
had a higher percentage of smokers and had a
higher prevalence of COPD and cardiac diseases.
With respect to initial severity, these individuals
had a higher CURB-65 score, presented with lym-
phopenia more frequently and received IMV, NIMV

72 © 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.
Journal of Internal Medicine, 2023, 294; 69–82

 13652796, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joim

.13642 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fjoim.13642&mode=


1-year predictors of sequelae in COVID-19 / R. Menéndez et al.

Ta
bl
e
1.
Fo
llo
w
-u
p
at
6
m
on
th
s

In
co
m
pl
et
e
ra
di
ol
og
ic
al
re
so
lu
ti
on

D
LC
O

<
80
%

S
ym
pt
om
s

N
o
(N

=
81
5)

Ye
s
(N

=
59
8)

p-
V
al
u
e

N
o
(N

=
36
4)

Ye
s
(N

=
38
4)

p-
V
al
u
e

N
o
(N

=
77
7)

Ye
s
(N

=
90
7)

p-
V
al
u
e

A
ge
(y
ea
rs
)

≥8
0

56
(7
.2
4%

)
68

(1
1.
37
%
)

<
0.
00
1

8
(2
.2
0%

)
14

(3
.6
5%

)
0.
00
2

72
(9
.2
7%

)
70

(7
.7
2%

)
0.
44
8

65
–7
9

23
8
(2
9.
20
%
)

28
7
(4
7.
99
%
)

12
1
(3
3.
24
%
)

17
2
(4
4.
79
%
)

27
4
(3
5.
26
%
)

33
4
(3
6.
82
%
)

˂6
5

51
7
(6
3.
44
%
)

24
2
(4
0.
47
%
)

23
3
(6
4.
01
%
)

19
7
(5
1.
30
%
)

41
4
(5
3.
29
%
)

50
1
(5
5.
24
%
)

Se
x
(m
al
e)

44
2
(5
4.
23
%
)

37
9
(5
3.
34
%
)

0.
00
3

23
4
(6
4.
29
%
)

22
1
(5
7.
82
%
)

0.
05
1

49
4
(6
3.
58
%
)

50
1
(5
5.
24
%
)

<
0.
00
1

C
om

or
bi
di
ty

Sm
ok
in
g

26
4
(3
2.
39
%
)

22
0
(3
7.
79
%
)

0.
06
5

12
3
(3
3.
79
%
)

15
9
(4
1.
41
%
)

0.
04
2

26
5
(3
4.
11
%
)

33
7
(3
7.
16
%
)

0.
19
3

C
O
PD

33
(4
.0
5%

)
56

(9
.3
6%

)
<
0.
00
1

7
(1
.9
2%

)
33

(8
.5
9%

)
<
0.
00
1

38
(4
.8
9%

)
61

(6
.7
3%

)
0.
10
8

A
st
hm

a
76

(9
.3
3%

)
48

(8
.0
3%

)
0.
41
2

27
(7
.4
2%

)
31

(8
.0
7%

)
0.
73
1

48
(6
.1
8%

)
92

(1
0.
14
%
)

0.
00
3

H
ea
rt
di
se
as
e

71
(8
.7
1%

)
97

(1
6.
22
%
)

<
0.
00
1

28
(7
.6
9%

)
51

(1
3.
28
%
)

0.
01
9

79
(1
0.
17
%
)

11
3
(1
2.
46
%
)

0.
28
5

D
ia
be
te
s

13
4
(1
6.
44
%
)

10
2
(1
7.
06
%
)

0.
79
1

53
(1
4.
56
%
)

71
(1
8.
49
%
)

0.
15
1

13
0
(1
6.
73
%
)

15
0
(1
6.
54
%
)

0.
65
0

H
yp
er
te
ns
io
n

27
3
(3
3.
50
%
)

25
5
(4
2.
64
%
)

0.
00
2

11
6
(3
1.
87
%
)

15
7
(4
0.
89
%
)

0.
02
0

28
0
(3
6.
04
%
)

36
0
(3
9.
69
%
)

0.
51
2

R
en
al
di
se
as
e

30
(3
.6
8%

)
23

(3
.8
5%

)
0.
78
7

12
(3
.3
0%

)
16

(4
.1
6%

)
0.
52
3

31
(3
.9
9%

)
36

(3
.9
7%

)
0.
96
8

In
it
ia
la
dm

is
si
on

W
ar
d

73
6
(9
0.
31
%
)

50
2
(8
3.
95
%
)

<
0.
00
1

31
8
(8
7.
36
%
)

31
8
(8
2.
81
%
)

0.
16
3

71
1
(9
1.
51
%
)

73
5
(8
1.
04
%
)

<
0.
00
1

IR
C
U

41
(5
.0
3%

)
20

(3
.3
4%

)
15

(4
.1
2%

)
19

(4
.9
5%

)
15

(1
.9
3%

)
67

(7
.3
9%

)
IC
U

38
(4
.6
6%

)
76

(1
2.
71
%
)

30
(8
.2
4%

)
47

(1
2.
24
%
)

51
(6
.5
6%

)
10
4
(1
1.
47
%
)

A
bs
ol
ut
e
ly
m
ph
oc
yt
e

co
un
t

<
72
4

ce
lls
/μ
L

19
6
(2
4.
05
%
)

17
0
(2
8.
43
%
)

0.
00
7

89
(2
4.
45
%
)

13
4
(3
4.
90
%
)

0.
00
5

19
8
(2
5.
48
%
)

26
0
(2
8.
67
%
)

0.
48
4

C
R
P

≥6
0
m
g/
L

28
2
(3
5.
60
%
)

17
0
(2
8.
43
%
)

0.
20
6

12
3
(3
3.
79
%
)

13
7
(3
5.
68
%
)

0.
62
0

27
4
(3
5.
26
%
)

30
7
(3
3.
85
%
)

0.
19
5

Sp
O
2
/F
iO

2
<
45
0

27
1
(3
3.
25
%
)

22
0
(3
6.
79
%
)

<
0.
00
1

12
1
(3
3.
24
%
)

15
2
(3
9.
58
%
)

0.
02
0

27
0
(3
4.
75
%
)

34
6
(3
8.
15
%
)

0.
10
7

C
U
R
B
-6
5

≥2
10
8
(1
3.
25
%
)

13
2
(2
2.
07
%
)

<
0.
00
1

45
(1
2.
36
%
)

77
(2
0.
05
%
)

0.
00
2

11
7
(1
5.
06
%
)

17
6
(1
9.
40
%
)

0.
07
1

R
es
pi
ra
to
ry
su
pp
or
t

N
o
ox
yg
en

21
8
(2
6.
75
%
)

74
(1
2.
38
%
)

<
0.
00
1

88
(2
4.
18
%
)

52
(1
4.
54
%
)

<
0.
00
1

17
9
(2
3.
04
%
)

15
7
(1
7.
31
%
)

<
0.
00
1

N
as
al
ca
nn
ul
a/

V
en
tu
ri
m
as
k

36
8
(4
5.
15
%
)

22
6
(3
7.
79
%
)

14
2
(3
9.
01
%
)

11
5
(2
9.
95
%
)

33
4
(4
2.
99
%
)

33
0
(3
6.
38
%
)

R
es
er
vo
ir

46
(5
.6
4%

)
53

(8
.8
6%

)
31

(8
.5
2%

)
19

(4
.9
5%

)
52

(6
.6
9%

)
61

(6
.7
3%

)
C
PA
P

7
(0
.8
6%

)
7
(1
.1
7%

)
2
(0
.5
5%

)
4
(1
.0
4%

)
4
(0
.5
1%

)
6
(0
.6
6%

)
H
FN
O

61
(7
.4
8%

)
62

(1
0.
37
%
)

26
(7
.1
4%

)
48

(1
2.
50
%
)

65
(8
.3
7%

)
87

(9
.5
9%

)
N
IM
V

17
(2
.0
9%

)
21

(3
.5
1%

)
19

(5
.2
2%

)
25

(6
.5
0%

)
12

(1
.5
4%

)
70

(7
.7
2%

)
IM
V

67
(8
.2
2%

)
10
3
(1
7.
22
%
)

42
(1
1.
54
%
)

10
2
(2
.6
0%

)
69

(8
.8
8%

)
16
7
(1
8.
41
%
)

N
ot
e:
B
as
el
in
e
ch
ar
ac
te
ri
st
ic
s,
in
it
ia
ls
ev
er
it
y
an
d
h
ig
h
es
t
re
sp
ir
at
or
y
su
pp
or
t
du
ri
n
g
h
os
pi
ta
ls
ta
y.
D
at
a
ar
e
pr
es
en
te
d
as
N
(%
).

A
bb
re
vi
at
io
n
s:
C
O
PD
,
ch
ro
n
ic
ob
st
ru
ct
iv
e
pu
lm
on
ar
y
di
se
as
e;
C
PA
P,
co
n
ti
n
u
ou
s
po
si
ti
ve
ai
rw
ay

pr
es
su
re
;
C
R
P,
C
-r
ea
ct
iv
e
pr
ot
ei
n
;
H
FN
O
,
h
ig
h
-fl
ow

n
as
al
ox
yg
en
;I
C
U
,i
n
te
n
si
ve
ca
re
u
n
it
;I
M
V
,i
n
va
si
ve
m
ec
h
an
ic
al
ve
n
ti
la
ti
on
;I
R
C
U
,i
n
te
rm
ed
ia
te
re
sp
ir
at
or
y
ca
re
u
n
it
;N
IM
V
,n
on
-i
n
va
si
ve
m
ec
h
an
ic
al

ve
n
ti
la
ti
on
;S
pO

2
/F
iO
2
,p
er
ip
h
er
al
bl
oo
d
ox
yg
en

sa
tu
ra
ti
on
/f
ra
ct
io
n
of
in
sp
ir
ed
ox
yg
en

ra
ti
o.

© 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.
Journal of Internal Medicine, 2023, 294; 69–82

73

 13652796, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joim

.13642 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fjoim.13642&mode=


1-year predictors of sequelae in COVID-19 / R. Menéndez et al.

Ta
bl
e
2.
Fo
llo
w
-u
p
at
12

m
on
th
s

In
co
m
pl
et
e
ra
di
ol
og
ic
al
re
so
lu
ti
on

D
LC
O

<
80
%

S
ym
pt
om
s

N
o
(N

=
92
9)

Ye
s
(N

=
35
6)

p-
V
al
u
e

N
o
(N

=
52
0)

Ye
s
(N

=
23
5)

p-
V
al
u
e

N
o
(N

=
98
6)

Ye
s
(N

=
73
0)

p-
V
al
u
e

A
ge
(y
ea
rs
)

≥8
0

70
(7
.5
3%

)
33

(9
.2
7%

)
<
0.
00
1

10
(1
.9
2%

)
8
(3
.4
0%

)
0.
00
2

92
(9
.3
3%

)
49

(6
.7
2%

)
0.
12
0

65
–7
9

28
0
(3
0.
14
%
)

17
1
(4
8.
03
%
)

17
5
(3
3.
65
%
)

10
8
(4
5.
96
%
)

35
4
(3
5.
90
%
)

26
6
(3
6.
44
%
)

˂6
5

57
4
(6
1.
79
%
)

15
1
(4
2.
42
%
)

33
2
(6
3.
85
%
)

11
9
(5
0.
64
%
)

52
4
(5
3.
13
%
)

41
1
(5
6.
30
%
)

Se
x
(m
al
e)

51
1
(5
5.
01
%
)

23
9
(6
7.
13
%
)

<
0.
00
1

35
1
(6
7.
50
%
)

14
4
(6
1.
28
%
)

0.
12
3

61
8
(6
2.
67
%
)

42
1
(5
7.
67
%
)

0.
01
2

C
om

or
bi
di
ty

Sm
ok
in
g

29
9
(3
2.
19
%
)

15
0
(4
2.
13
%
)

0.
00
1

18
2
(3
5.
00
%
)

11
8
(5
0.
21
%
)

<
0.
00
1

34
3
(3
4.
79
%
)

26
5
(3
6.
30
%
)

0.
59
2

C
O
PD

35
(4
.0
5%

)
36

(1
0.
11
%
)

<
0.
00
1

10
(1
.9
2%

)
17

(7
.2
3%

)
<
0.
00
1

46
(4
.6
7%

)
47

(6
.4
4%

)
0.
11
4

A
st
hm

a
82

(8
.8
3%

)
28

(7
.8
7%

)
0.
58
2

31
(5
.9
6%

)
19

(8
.0
8%

)
0.
27
6

63
(6
.4
0%

)
71

(9
.7
3%

)
0.
01
2

H
ea
rt
di
se
as
e

86
(9
.2
6%

)
58

(1
6.
29
%
)

0.
00
2

37
(7
.1
1%

)
37

(1
5.
75
%
)

0.
00
1

10
4
(1
0.
55
%
)

80
(1
0.
96
%
)

0.
74
7

D
ia
be
te
s

15
0
(1
6.
15
%
)

56
(1
5.
73
%
)

0.
69
1

82
(1
5.
77
%
)

47
(2
0.
00
%
)

0.
15
1

16
1
(1
6.
33
%
)

11
2
(1
5.
34
%
)

0.
31
9

H
yp
er
te
ns
io
n

32
9
(3
5.
41
%
)

14
2
(3
9.
89
%
)

0.
50
7

17
8
(3
4.
23
%
)

10
7
(4
5.
53
%
)

0.
04
0

35
9
(3
6.
41
%
)

27
5
(3
7.
67
%
)

0.
50
6

R
en
al
di
se
as
e

31
(3
.3
4%

)
18

(5
.0
6%

)
0.
14
3

14
(2
.6
9%

)
9
(3
.8
3%

)
0.
42
2

39
(3
.9
5%

)
28

(3
.8
4%

)
0.
85
5

In
it
ia
la
dm

is
si
on

W
ar
d

82
7
(8
9.
02
%
)

30
4
(8
5.
39
%
)

<
0.
00
1

42
8
(8
2.
31
%
)

18
0
(7
6.
60
%
)

0.
02
5

88
8
(9
0.
06
%
)

58
8
(8
0.
55
%
)

<
0.
00
1

IR
C
U

51
(5
.4
9%

)
9
(2
.5
3%

)
37

(7
.1
2%

)
14

(5
.9
6%

)
34

(3
.4
5%

)
48

(6
.5
8%

)
IC
U

51
(5
.4
9%

)
43

(1
2.
08
%
)

5
(1
0.
38
%
)

41
(1
7.
45
%
)

64
(6
.4
9%

)
93

(1
2.
94
%
)

A
bs
ol
ut
e
ly
m
ph
oc
yt
e

co
un
t

<
72
4

ce
lls
/μ
L

23
3
(2
5.
08
%
)

11
0
(3
0.
90
%
)

0.
02
6

15
2
(2
9.
23
%
)

75
(3
1.
91
%
)

0.
49
9

26
3
(2
6.
67
%
)

21
2
(2
9.
04
%
)

0.
84
3

C
R
P

≥6
0
m
g/
L

31
2
(3
3.
58
%
)

10
8
(3
0.
34
%
)

0.
39
5

19
8
(3
8.
08
%
)

88
(3
7.
45
%
)

0.
83
5

32
3
(3
2.
76
%
)

29
5
(4
0.
41
%
)

0.
70
4

Sp
O
2
/F
iO

2
<
45
0

31
7
(3
4.
12
%
)

12
8
(3
5.
96
%
)

<
0.
00
1

19
1
(3
6.
73
%
)

96
(4
0.
85
%
)

<
0.
00
1

33
3
(3
3.
77
%
)

28
4
(3
8.
90
%
)

0.
87
5

C
U
R
B
-6
5

≥2
11
7
(1
2.
59
%
)

86
(2
4.
16
%
)

<
0.
00
1

67
(1
2.
88
%
)

44
(1
8.
72
%
)

0.
01
7

15
3
(1
5.
52
%
)

13
1
(1
7.
95
%
)

0.
60
9

R
es
pi
ra
to
ry
su
pp
or
t

N
o
ox
yg
en

24
0
(2
5.
83
%
)

36
(1
0.
11
%
)

<
0.
00
1

10
3
(1
9.
81
%
)

18
(7
.6
6%

)
<
0.
00
1

21
6
(2
1.
91
%
)

13
2
(1
8.
08
%
)

<
0.
00
1

N
as
al
ca
nn
ul
a/

V
en
tu
ri
m
as
k

41
7
(4
4.
87
%
)

14
2
(3
9.
89
%
)

19
1
(3
6.
73
%
)

64
(2
7.
23
%
)

41
6
(4
2.
19
%
)

26
5
(3
6.
30
%
)

R
es
er
vo
ir

56
(6
.0
3%

)
37

(1
0.
39
%
)

47
(9
.0
4%

)
18

(7
.6
6%

)
65

(6
.5
9%

)
48

(6
.5
8%

)
C
PA
P

7
(0
.7
5%

)
3
(0
.8
4%

)
1
(0
.1
9%

)
4
(1
.7
0%

)
7
(0
.7
1%

)
5
(0
.6
8%

)
H
FN
O

78
(9
.1
5%

)
29

(8
.1
5%

)
48

(9
.2
3%

)
32

(1
3.
62
%
)

87
(8
.8
2%

)
65

(8
.9
0%

)
N
IM
V

23
(2
.4
8%

)
11

(3
.0
9%

)
43

(8
.2
7%

)
15

(6
.3
8%

)
34

(3
.4
5%

)
45

(6
.1
6%

)
IM
V

68
(7
.3
2%

)
80

(2
2.
47
%
)

72
(1
3.
85
%
)

73
(3
1.
06
%
)

88
(8
.9
2%

)
15
2
(2
0.
82
%
)

N
ot
e:
B
as
el
in
e
ch
ar
ac
te
ri
st
ic
s,
in
it
ia
ls
ev
er
it
y
an
d
h
ig
h
es
t
re
sp
ir
at
or
y
su
pp
or
t
du
ri
n
g
h
os
pi
ta
ls
ta
y.
D
at
a
ar
e
pr
es
en
te
d
as
N
(%
).

A
bb
re
vi
at
io
n
s:
C
O
PD
,
ch
ro
n
ic
ob
st
ru
ct
iv
e
pu
lm
on
ar
y
di
se
as
e;
C
PA
P,
co
n
ti
n
u
ou
s
po
si
ti
ve
ai
rw
ay

pr
es
su
re
;
C
R
P,
C
-r
ea
ct
iv
e
pr
ot
ei
n
;
H
FN
O
,
h
ig
h
-fl
ow

n
as
al
ox
yg
en
;I
C
U
,i
n
te
n
si
ve
ca
re
u
n
it
;I
M
V
,i
n
va
si
ve
m
ec
h
an
ic
al
ve
n
ti
la
ti
on
;I
R
C
U
,i
n
te
rm
ed
ia
te
re
sp
ir
at
or
y
ca
re
u
n
it
;N
IM
V
,n
on
-i
n
va
si
ve
m
ec
h
an
ic
al

ve
n
ti
la
ti
on
;S
pO

2
/F
iO
2
,p
er
ip
h
er
al
bl
oo
d
ox
yg
en
sa
tu
ra
ti
on
/f
ra
ct
io
n
of
in
sp
ir
ed
ox
yg
en
ra
ti
o.

74 © 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.
Journal of Internal Medicine, 2023, 294; 69–82

 13652796, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joim

.13642 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fjoim.13642&mode=


1-year predictors of sequelae in COVID-19 / R. Menéndez et al.

Fig. 2 Univariate analysis at 6 months: (a) symptoms,
(b) incomplete radiological resolution and (c) DLCO <80%.
CI, confidence interval; COPD, chronic obstructive pul-
monary disease; CPAP, continuous positive airway pres-

or HFNO more often. Figure 2c depicts the OR of
the analysed factors.

Twelve-month follow-up: clinical features, imaging
findings and lung function tests

Symptoms resolved in 57.4% of the survivors. In
individuals without clinical resolution, dyspnoea
and fatigue were the most frequently reported
symptoms; these were more common in women,
patients with asthma, and patients requiring respi-
ratory support with HFNO, NIMV or IMV. Figure 3a
depicts the ORs of the analysed factors. Complete
resolution of the infiltrates on chest radiography or
CT was seen in 912 (72.2%) patients. However, 356
patients showed incomplete resolution, present-
ing with persistent infiltrates (16.1%), interstitial
lung disease (2.9%) and newly diagnosed emphy-
sema. In the latter group of patients, the percent-
age of comorbidities (COPD or cardiac-related) was
higher; 42.1% of these individuals smoked. This
series of patients also exhibited the most severe ini-
tial episodes with a higher number of cases of ICU
admission, CURB-65 ≥2 and requirement of respi-
ratory support with IMV, NIMV or HFNO (Fig. 3b).
Of the patients with incomplete radiological resolu-
tion, 65.5% received treatment with corticosteroids
compared with 45.4% in the other group. Patients
who required more respiratory support and/or ICU
admission received more corticosteroids, indicat-
ing greater disease severity.

Of the 755 patients who underwent the lung
function test DLCO, 235 (31.1%) presented with
abnormal results; those with reduced diffus-
ing capacity of the lung were older, more often
smokers/ex-smokers, and presented with COPD,
cardiac diseases and arterial hypertension. With
respect to initial severity, these individuals had
a higher CURB-65 ≥2 and lower SpO2/FiO2 and
more frequently received IMV and HFNO (Fig. 3c).

Figure 4 depicts the percentage of patients at the
12-month follow-up presenting with either incom-

sure; CRP, C-reactive protein; DLCO, diffusing capacity
of the lung for carbon monoxide; HFNO, high-flow nasal
oxygen; ICU, intensive care unit; IMV, invasive mechan-
ical ventilation; IRCU, intermediate respiratory care unit;
NIMV, non-invasive mechanical ventilation; OR, odds ratio;
SpO2/FiO2, peripheral blood oxygen saturation/fraction of
inspired oxygen.
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Fig. 3 Univariate analysis at 12 months: (a) symptoms,
(b) incomplete radiological resolution and (c) DLCO <80%.
CI, confidence interval; COPD, chronic obstructive pul-

plete radiological resolution, reduced DLCO or both
(depending on the persistence of symptoms).

Multivariable analyses

Logistic regression analyses were performed for
each independent variable at 12 months, includ-
ing symptom persistence, incomplete radiological
resolution and reduced DLCO (Table 3). Three sets
of independent variables were evaluated for each
grouped independent variable as follows: (1) host
characteristics, including age, sex, smoking habit
and comorbidities; (2) initial severity as measured
by the CURB-65 scale and some analytical param-
eters, such as lymphopenia, CRP >60 mg/L and
SpO2/FiO2 <450, which were reported to be inde-
pendently associated with outcomes [12]; and (3)
respiratory failure treatment, including corticos-
teroids, oxygen treatment and respiratory support
(low- and high-flow oxygen, CPAP, NIMV and IMV).

Discussion

The main findings of the present study were as
follows: (1) At 12 months, 42.6% of hospital-
ized COVID-19 survivors presented with persistent
symptoms, with dyspnoea and fatigue being the
most frequent. Such persistence was more com-
mon in women, those with asthma, and those who
required respiratory support with NIMV or IMV; (2)
Complete resolution of lung infiltrates was noted
in 72.2% of patients, and factors associated with
persistence in lung imaging included older age,
male sex, initial CURB-65 ≥2, SpO2/FiO2 and res-
piratory support; (3) Reduced diffusing capacity of
the lung was present in 31.1% of patients and
was associated with female sex, smoking habit,
more severe initial episodes, corticosteroid treat-
ment and a requirement of respiratory support;
and (4) A proportion of asymptomatic patients still
showed reduced DLCO (9.5%), incomplete resolu-
tion on radiological images (25%) or both (11%) at
12 months.

monary disease; CPAP, continuous positive airway pres-
sure; CRP, C-reactive protein; DLCO, diffusing capacity
of the lung for carbon monoxide; HFNO, high-flow nasal
oxygen; ICU, intensive care unit; IMV, invasive mechan-
ical ventilation; IRCU, intermediate respiratory care unit;
NIMV, non-invasive mechanical ventilation; OR, odds ratio;
SpO2/FiO2, peripheral blood oxygen saturation/fraction of
inspired oxygen.
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Fig. 4 Percentage of patients at 12 months with incomplete radiological resolution, DLCO <80%, or both, depending on the
persistence of symptoms. DLCO, diffusing capacity of the lung for carbon monoxide.

The proportion of individuals with long COVID-19
symptoms ranges from 74.3% in ICU survivors to
10%–35% in outpatients [5, 13]. The persistence
of symptoms remained high (42%) at 12 months
in our cohort of hospitalized COVID-19 survivors
(90% in the conventional ward), even though the
6-month follow-up showed recovery (63.9%) and
most episodes were not critical. Our study revealed
that a combination of factors was associated with
the persistence of symptoms – female sex, the pres-
ence of asthma and the requirement for IMV during
hospital stay were independent predictors, albeit
not initial severity, as measured using the CURB-
65 scale [14, 15].

Notably, 80% of the survivors with persistent dys-
pnoea and/or fatigue did not require any oxygen
flow (18%) or low-flow nasal cannula (36%) [2, 16],
representing cases of mild to moderate episodes
[12]. Only 20.6% of the patients required mechan-
ical ventilation. However, symptoms are subjective
and may be related to structural abnormalities due
to incomplete recovery, physical deconditioning
or anxiety or post-traumatic stress [17]. Gam-
berini et al. reported persistent dyspnoea in ICU
survivors, which was only partially explained by
functional respiratory tests, highlighting different
mechanisms or reasons [18]. In fact, we found
that the resolution of radiographic infiltrates
was complete, and lung diffusion was >80% in

42% of the patients with persistent symptoms at
12 months.

Complete resolution of lung infiltrates was
observed in 42.3% of patients at 6 months and
in 72.2% at 12 months, showing the capacity for
progressive recovery. In a cohort of ICU-admitted
patients, Caruso et al. reported higher persistence
of lung infiltrate on 72% of CT scans at 6 months
[19]; this figure is similar to those described in
other studies on critical episodes of IMV or acute
respiratory distress syndrome [19]. Factors asso-
ciated with incomplete radiological resolution at
12 months were age, higher initial severity and
the requirement for NIMV/IMV. With respect to
comorbid conditions, those with COPD, cardiac
diseases and arterial hypertension showed lower
resolution at 6 months; however, this difference
was not significant at 12 months, suggesting a
slower resolution in this series of patients. Inter-
estingly, among those with residual radiological
findings, 42% were smokers (and former smok-
ers) and received more corticosteroid treatment,
representing more severe initial episodes, greater
infiltrates and higher inflammation. SARS-CoV-2
pneumonia episodes with poorer SpO2/FiO2 and
CURB-65 ≥2 were independently associated with
incomplete resolution. The effect of respiratory
support was found to be increasingly dependent
on the complexity of the requirement; the OR

© 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.
Journal of Internal Medicine, 2023, 294; 69–82
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increased gradually from low-flow to high-flow
oxygen/NIMV to IMV (OR, 1.87; CI, 2.01–5.54).
Luger et al. reported that age (>60 years), critical
episodes and male sex were factors related to per-
sistence on CT at 12 months [20]. In our study, CT
scans were not performed in all patients; therefore,
the presence of small lesions not visible on chest
radiographs may have been underestimated. The
systematic use of dual-energy CT scans could help
identify further radiological sequelae [21].

Nevertheless,it is highly relevant that incomplete
resolutions or abnormal radiological findings at 12
months were significant (10.1%), even in patients
not requiring oxygen therapy or in those treated
with low-flow nasal cannula (38.9%); these indi-
viduals represented almost 50% of the group with
radiological sequelae. Charfeddine et al. postu-
lated that the sequelae were related to microcir-
culation or endothelial dysfunction [22]. Méndez
et al. reported sustained elevated levels of proad-
renomedullin after discharge [23]. García-Hidalgo
et al. reported that the diffusion capacity and
radiological features of survivors of SARS-CoV-2-
induced acute respiratory distress syndrome were
associated with specific miRNA profiles [24, 25].

Regarding analytical signs of severity and sever-
ity measured by CURB-65 scale, patients with ini-
tial lymphopenia (<724 cells/μL), higher CRP and
CURB-65 ≥2 showed a higher percentage of incom-
plete radiological resolution at 6 months than at 12
months.

Impairment of DLCO (<80% of predicted) was found
in 48.9% of the patients at 6 months, and the
percentage decreased to 31% at 12 months. In
another study on hospitalized patients, impair-
ment of DLCO was 21% [26] and approximately 35%
in survivors of critical episodes [18]. Associated fac-
tors related to decreased function were older age
(>65 years), some comorbid conditions, an initial
higher severity (CURB-65 ≥2), lower SpO2/FiO2
and a more frequent requirement of high-flow oxy-
gen or IMV. Interestingly, women who showed a
significant reduction in DLCO at 6 months (55% vs.
48% in men) presented with non-significant dif-
ferences at 12 months (34% vs. 29%), indicating
a possibly slower recovery [27]. Notably, smokers
and former smokers constituted the highest per-
centage of patients with decreased DLCO levels (53%
at 6 months and 50% at 12 months), underpin-
ning the crucial need for smoking cessation after
discharge to promote lung recovery.

It is important to mention the proportion of
patients with persistent symptoms but no appar-
ent residual radiographic sequelae or functional
impairment to explain the dyspnoea or fatigue.
Several mechanisms have been proposed to explain
the persistence of symptoms, including alterations
in mitochondrial metabolism, muscle damage,
immune dysregulation, autoimmunity, endothelial
dysfunction, occult viral persistence and coagula-
tion activation [28, 29]. Conversely, some patients
present with objectively incomplete resolution,
albeit with no clinical expression. Some omics and
other physiopathological studies may disentangle
the varying clinical trajectories and expression.
Marshall et al. postulated the role of diverse mech-
anisms and clusters in long COVID-19 [9].

In terms of study limitations, our cohort did not
include outpatients with SARS-CoV-2 pneumo-
nia. Furthermore, studies performed during the
pandemic represented a real-life registry with
overloaded wards and were not systematically per-
formed; furthermore, decisions regarding radiolog-
ical or functional test explorations varied based on
the physicians in charge and limitations on the dif-
ferent services involved. As a result, not all patients
underwent CT, and chest radiographs may not
have indicated minimal residual sequelae. Hence,
the incidence of radiological sequelae may have
exceeded that observed in the present study. Addi-
tionally, the absence of baseline DLCO data did not
allow for the formulation of clinical conclusions.

The strengths of our study include a large multi-
centre cohort design, with the inclusion of differ-
ent mild to moderate episodes and a higher per-
centage of patients with SARS-CoV-2 pneumonia.
This allowed us to obtain a more comprehensive
picture of the long-term consequences of episodes
of varying severity. In addition, we analysed the dif-
ferent types of respiratory support apart from IMV
required for respiratory failure.

Although there was progressive recyovery in symp-
toms and diffusing capacity of the lung and infil-
trate resolution between 6 and 12 months, the
number of cases of lung sequelae and prolonged
COVID-19 symptoms was considerable. Factors
associated with lower recovery were initial sever-
ity, comorbid conditions and complex respira-
tory support with different components of clinical,
radiological or functional sequelae. Considering
the large number of patients admitted to our hos-
pital, this finding represents a high burden of

© 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.
Journal of Internal Medicine, 2023, 294; 69–82
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symptoms and lung sequelae (radiological or
reduced DLCO). This new scenario, with unknown
repercussions in patients with mild to moderate
episodes that do not require invasive respiratory
support, may lead to a reduced quality of life, an
increase in health resources and vulnerability to
subsequent lung diseases or complications. The
implications are significant given that the number
of episodes treated outside the ICU is much higher
than those cases that are critical.
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