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Background The long-term prognosis of COVID-19 survivors remains poorly understood. It is evidenced that the
lung is the main damaged organ in COVID-19 survivors, most notably in impairment of pulmonary diffusion func-
tion. Hence, we conducted a meta-analysis of the potential risk factors for impaired diffusing capacity for carbon
monoxide (DLCO) in convalescent COVID-19 patients.

Methods We performed a systematic search of PubMed, Web of Science, Embase, and Ovid databases for relevant
studies from inception until January 7, 2022, limited to papers involving human subjects. Studies were reviewed for
methodological quality. Fix-effects and random-effects models were used to pool results. Heterogeneity was assessed
using I2. The publication bias was assessed using the Egger's test. PROSPERO registration: CRD42021265377.

Findings A total of eighteen qualified articles were identified and included in the systematic review, and twelve stud-
ies were included in the meta-analysis. Our results showed that female (OR: 4.011; 95% CI: 2.928−5.495), altered
chest computerized tomography (CT) (OR: 3.002; 95% CI: 1.319−6.835), age (OR: 1.018; 95% CI: 1.007−1.030),
higher D-dimer levels (OR: 1.012; 95% CI: 1.001−1.023) and urea nitrogen (OR: 1.004;95% CI: 1.002−1.007) were
identified as risk factors for impaired DLCO.

Interpretation Pulmonary diffusion capacity was the most common impaired lung function in recovered patients
with COVID-19. Several risk factors, such as female, altered chest CT, older age, higher D-dimer levels and urea
nitrogen are associated with impairment of DLCO. Raising awareness and implementing interventions for possible
modifiable risk factors may be valuable for pulmonary rehabilitation.
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Research in context

Evidence before this study

Increasing evidence suggests that the lung is the main
damaged organ in COVID-19 survivors, most notably by
impairment of pulmonary diffusion function. We per-
formed a systematic search in PubMed, Web of Science,
Embase and Ovid for relevant studies from inception
until 7 January 2022, using search terms (“COVID-19” OR
“SARS-CoV-2”) AND (“Respiratory Function Tests” OR
“Lung Function Tests” OR “diffusing capacity for carbon
monoxide”). We found some studies reporting risk fac-
tors for the diffusing capacity of carbon monoxide
(DLCO) in convalescent COVID-19 patients. However, a
comprehensive review of risk factors for impaired DLCO
in COVID-19 survivors is still lacking.

Added value of this study

This study is the first meta-analysis that summarizes the
potential risk factors for impaired DLCO in convalescent
COVID-19 patients. Our results showed that 1) the per-
centage of abnormal DLCO among recovered COVID-19
subjects who underwent follow-up ranged from 14% to
67%; 2) female, altered chest computerized tomography
(CT), older age, high levels of D-dimer and urea nitrogen
were identified as risk factors for impaired DLCO in
these subjects.

Implications of all the available evidence

Female, older patients, patients with specific characteristics
(altered chest CT, high levels of D-dimer or urea nitrogen)
are at high risk of impaired DLCO among COVID-19 survi-
vors. Raising awareness and implementing interventions
for possible modifiable risk factors may be worthy of con-
sideration for pulmonary rehabilitation.
Introduction
Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) emerged in late 2019 and has caused a
global pandemic of acute respiratory diseases, named
"Coronavirus Disease 2019" (COVID-19), threatening
human health and public safety. According to the World
Health Organization (WHO), more than 298 million
cases of COVID-19 have been confirmed worldwide,
and the global death toll has risen to 5.4 million (Last
update: January 9, 2022).1 Since the outbreak, clinical
and epidemiological data related to COVID-19 have
updated rapidly,2,3 but the long-term prognosis still
remains poorly understood.

The lung is the primary target organ for COVID-19.
Infected lung tissue has multiple forms of pathophysio-
logical changes, including diffuse alveolar epithelial
destruction, hyaline membrane formation, capillary
damage and hemorrhage, alveolar septal fibroplasia and
pulmonary solidification.4 It has been reported that 5-
10% of patients with COVID-19 may develop critical ill-
ness, including acute respiratory distress syndrome
(ARDS),5 which itself causes residual respiratory physio-
logical impairment. Similar to classic ARDS, 49% of
patients with COVID-19-associated ARDS (C-ARDS)
still had reduced lung diffusion capacity for carbon
monoxide (DLCO) at 3 months after discharge.6 Previ-
ous studies have shown that pulmonary impairment
caused by SARS coronavirus can last for months or
even years,7 and impaired diffusion function (defined as
diffusing capacity for carbon monoxide (DLCO) < 80%
predicted value) is the most common abnormality.8-10 A
team of researchers performed pulmonary function
tests (PFTs) on convalescent COVID-19 patients and
showed that >80% of critically ill patients presented
impaired pulmonary function.11 The impaired diffusing
capacity was the main feature.12,13 As with Severe Acute
Respiratory Syndrome (SARS) or Middle East Respira-
tory Syndrome (MERS) survivors, DLCO appears to be a
relevant functional parameter for assessing respiratory
function in recovered patients with COVID-19.7

Impaired lung function is significantly associated
with a decrease in health-related quality of life.14 There
have been many studies on subsequent lung function in
COVID-19 patients discharged from hospitals,11,15-18 For
instance, a study conducted by Nicla Orzes, et al showed
that leaving more than one-third of convalescent
COVID-19 patients still had abnormal DLCO at six
months.19 Despite this understanding of the long-term
effects of COVID-19 on lung function, particularly on
diffusion function, remains limited. At present, there's
still a lack of description of the prevalence of impaired
DLCO and comprehensive analysis of its risk factors in
patients with COVID-19. Therefore, this systematic
review and meta-analysis aims to provide a review of
risk factors for impaired DLCO in recovered patients
with COVID-19, and to conduct a meta-analysis of fac-
tors in homogeneous studies. It may provide prelimi-
nary evidence for estimating the prognosis of
respiratory function in convalescent COVID-19
patients.
www.thelancet.com Vol 49 Month July, 2022
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Methods
This systematic review was completed following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement20 and was regis-
tered with PROSPERO prior to completion of the initial
search (registration No: CRD42021265377).
Study strategy
We performed a systematic search of PubMed, Web of
Science, Embase, and Ovid databases for relevant stud-
ies from inception until 7 January 2022, limited to
papers involving human subjects. The following search
terms were used: 'COVID-190, 'SARS-CoV-20, 'Respira-
tory Function Tests', 'Lung Function', 'Pulmonary Func-
tion', 'DLCO' and 'diffusing capacity for carbon
monoxide'. In addition, we undertook manual searches
according to cited references of retrieved articles. The
full search strategy is available in the e-Appendix 1 in
Supplement 1.
Study selection
Studies were eligible for the meta-analysis if they met
the following criteria: (1) The population of the study
was patients who have been diagnosed with COVID-19
by reverse transcription-polymerase chain reaction (RT-
PCR) analysis or serological methods; (2) Patients who
recovered from acute infection and were followed up for
at least 12 weeks or three months after discharge from
hospital; (3) Patients who were followed up were tested
and assessed by lung function tests during the follow-
up; (4) Studies had complete risk estimate data and
clear outcomes; (5) Studies reported the estimates of
odds ratio (OR), hazard ratio (HR) or relative risk (RR)
with corresponding 95% confidence intervals (CIs); (6)
Study design was a cohort study, case-control study,
cross-sectional study or randomized controlled trial; (7)
Study with a longer follow-up period was included
when there were studies with the same outcomes in
duplicated samples.

The following types of publications were excluded:
(1) Patients in the studies were not infected with
COVID-19. (2) Patients infected with COVID-19 died or
had lost to follow-up; (3) Comments, case reports, con-
ference papers, animal experiments, letters, and review
articles; (4) Full text was not accessible; (5) Studies with
the same outcomes in a duplicated samples; (6) Studies
with the uncertain definition of impaired pulmonary
diffusion function. (7) Literatures published in a non-
English language.
Data extraction
Extracted data consisted of demographic characteristics
(First author, publication year, country, sex, et.al), study
design, diagnostic criteria for DLCO impairment, risk
factors, risk estimate (univariate OR or multivariate
www.thelancet.com Vol 49 Month July, 2022
OR), and a measure of the precision of the point esti-
mate (95% CIs). When data were missing, the corre-
sponding authors of the concerned articles were
contacted. Data extraction was initially conducted by
one author (ZMY) and subsequently reviewed by a sec-
ond author (LYT). Disagreements were resolved by dis-
cussion between the two authors. If the risk factor data
from the different stratifications (such as populations,
period, etc.) was found in the same study, the relevant
data was extracted separately according to the stratifica-
tions.
Quality and risk of bias assessment
We used the Newcastle-Ottawa scale (NOS) to assess the
methodological quality of observational studies with its
design.21 NOS score was categorized into three levels:
low, moderate, and high quality with the NOS scores of
0-5, 6-7, and 8-9.22 Two reviewers (LYT; ZZF) indepen-
dently assessed the quality of each study. The Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) system was used for rating the
quality of evidence.23 According to the GRADE
approach, the quality of evidence for each outcome was
graded for risk of bias, imprecision, inconsistency, indi-
rectness, and publication bias, which can fell into one of
four categories from high to very low. Any conflicts of
the assessment were solved through discussion.
Statistical methods
The meta-analysis was conducted in accordance with
the Cochrane handbook. The ORs and their 95% confi-
dence intervals (95%CI) were calculated for each poten-
tial risk factor for impaired pulmonary diffusing
function in convalescent COVID-19 patients. We
extracted ORs from the multivariate analysis if both uni-
variate and multivariate analyses were provided. Other-
wise, the univariate ORs were chosen. The meta-
analysis was conducted for outcomes reported in at least
two studies. To pool study results, the random-effects
model or fix-effect model were fitted in Stata 15.1 (Stata
Corp, College Station, TX, USA).24 Based on the expec-
tation about whether or not the studies share a common
effect size and on our goals in performing the analysis,
the random-effect model or fixed-effect model were cho-
sen to pool study results. Heterogeneity was evaluated
using Cochran's Q and I2 statistics, in which p-value of
< 0.1 and I2 > 50% were defined as statistically signifi-
cant heterogeneity. The subgroup analysis was used to
explore the heterogeneity sources. The subgroup analy-
sis was performed for follow-up time. The detection of
potential publication bias was performed on the factors
mentioned in more than 7 studies. The Egger's test and
Begg's test were provided with quantitative evidence.
Studies of high quality (NOS scores≥ 8) were selected
for sensitivity analysis.
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Role of the funding source
The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final responsi-
bility for the decision to submit for publication.
Results

Literature search
The initial search yielded a total of 3724 potential stud-
ies (3409 from selected databases and 315 from manual
searches). In total, 2143 duplicate records were deleted.
After the initial screening of titles and abstracts and
exclusion of duplicates, a total of 787 articles were
retained for full-text review. Ultimately, 18 studies met
the criteria for eligibility and 12 studies were included
in the meta-analysis. The study selection process is
shown in Figure 1.

Study characteristics
All of the 18 included studies are observational studies,
of which 16 are cohort studies,17,25-39 one is a prospec-
tive, cross-sectional study40 and one is a cross-sectional
case-control study.41 The included studies were pub-
lished between 2020 and 2021 and were conducted in
seven countries including China, Germany, Italy, Spain,
Chile, Norway and Saudi Arabia. A total of 4112 patients
were included, including 2127 males and 1985 females,
of whom 2414 (58.7%) patients completed the carbon
monoxide diffusing test. The mean/median age of the
subjects of the 11 studies25,26,28-32,34,35,37,38 on DLCO
was over 50 years.

17 papers17,25,26,28-41 reported risk factors associated
with DLCO impairment and 12 studies were included in
the meta-analysis.17,25,26,28,34-41 One mentioned risk fac-
tor for diffusion capacity for nitric oxide (DLNO)
impairment.27 Due to insufficient data and uncertain
definitions of DLNO and Restrictive Pattern, this review
focuses on a meta-analysis of risk factors for impaired
DLCO.

In most studies, the diagnostic criterion for the
impairment of DLCO was DLCO < 80% of
predicted.17,25,26,28-40 Except for the study performed by
Ayad Mohammed Salem,41 the diagnostic criterion was
DLCO < 75% of predicted. There were 100% follow-up
rates in 14 studies,17,26-30,33-38,40,41 90% in two
studies31,32, 51% in one study25 and 87.3% in one study39

Seventeen studies17,25,26,28-41 have reported 14.3% to
67% COVID-19 survivors with impaired diffusing
capacity for carbon monoxide. Table 1 shows the charac-
teristics of the included studies in detail.
Study quality
All selected studies were assessed for methodological
quality with NOS. The NOS score of 12 studies included
in the meta-analysis was 7.6 (IQR: 7.0−9.0), indicating
that all included studies were of high
(50%)17,25,26,28,34,41 or moderate (50%)35-40 quality litera-
ture. The quality of evidence (GRADE) in the analyzed
studies was “low” or “very low”. These results are shown
in Table 1 and e-Table 1-2.
Risk factors for impaired DLCO
The meta-analysis was performed on five risk factors,
including sex (female), altered chest CT, older age, high
levels of D-dimer and urea nitrogen. ORs with 95% CIs
are summarized in Figure 2.
Sex (female)
A total of seven studies25,26,35-37,39,41 have shown that
being female is associated with a higher risk for
impaired DLCO. Female recovered patients showed a 4-
fold greater risk of impaired DLCO than male recovered
patients (OR: 4.011; 95% CI: 2.928−5.495). Four
researches25,26,35,36 performed pulmonary diffusion
function tests one year after the patient's discharge and
the remaining studies37,39,41 performed pulmonary dif-
fusion function tests between three and six months. All
of the studies25,26,35-37,39,41 conducted multivariate logis-
tic regression analysis. Heterogeneity was considered
insignificant (I2=0.0%, p=0.461). Subgroup analysis
was carried out to explore the source of heterogeneity
and the risk estimate in each subgroup. For female, the
subgroup analysis based on follow-up time showed that
the OR was 3.473 (95% CI: 2.193 - 5.502, I2=0.0%,
p = 0.521) at 3-6 months after discharge and 4.553 (95%
CI: 2.958 - 7.010, I2=17.9%, p = 0.301) at 1 year after dis-
charge. (e-Figure 1-2)
Altered CT
Four articles28,34,35,39 described the relation between
altered chest CT [altered chest CT is represented by the
abnormal score of the TSS (total severity score)] and
the impairment of DLCO (OR: 3.002; 95% CI: 1.319
−6.835). Two studies34,35 performed pulmonary diffu-
sion function tests one year after the patient's dis-
charge and two study28,39 performed pulmonary
diffusion function tests after three months. All studies
were subjected to multiple logistic regression analyses.
The heterogeneity was significant (I2=71.1%,
p = 0.016). (e-Figure 3)
Age
A total of ten literature data reported the association
between older age and impaired DLCO.25,26,28,34-37,39-
41 One study was excluded because it was discussed in
two age groups (age < 60 and age≥60).39 Finally,
eight articles were included for meta-analysis after
excluding one study36 by performing sensitivity
www.thelancet.com Vol 49 Month July, 2022



Figure 1. Flow chart for study inclusion and exclusion.
*: The meta-analysis could not be performed because there was only one study in every outcome reported.
DLCO, diffusing capacity for carbon monoxide.
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Study Country Study design Total Sex (M/F) Age, Mean (§SD) /
Median (IQR)

Follow-up
rate (%)

Follow-up Duration Diagnostic criteria DLCO
impa ment
prop tion (%)

NOS Risk factors

Steinbeis F et al (2021) Germany prospective observa-

tional study

180 112/68 56.50(43.25-65.75) 100.0 12 months DLCO <80%, of pre-

dicted or <LLN
60.6 9 Age; Altered CT;

Others

Blanco JR et al (2021) Spain prospective cohort

study

100 64 /36 54.98§10.72 92.6 104 days (IQR 89.25,

126.75)

DLCO <80%, of

predicted

52.0 9 Others

Huang LX et al (2021) China ambidirectional

cohort study

1276 681/595 59 (49-67) 51.7 12 months DLCO <80%, of

predicted

34.5 8 Female; Age;

Others

Bellan M et al (2021) Italy prospective cohort

study

238 142/96 61 (50-71) 92.0 3 to 4 months DLCO <80%, of

predicted

67.1 8 Female;Age;

Others1a

Wu XJ et al (2021) China prospective cohort

study

83 47/36 60 (52-66) 100.0 12-month DLCO <80%, of

predicted

33.0 8 Female;Age;

Others

Qin W et al (2021) China prospective cohort

study

647 287/360 58§15 100.0 3 months DLCO <80%, of

predicted

54.3 8 Age;

Altered CT;

D-dimer;

Others

Salem AM et al (2021) Saudi Arabia cross-sectional case-

control study

50 34/16 post covid-19: 47.05

§ 11.57

control: 41.93 §
11.27

100.0 166.52 days (102

−283 days)

Restrictive Pattern a

DLCO <75%
35.0 8 Female;

Age; D-dimer;

Others

Liao TT et al (2021) China

prospective cohort

study

303 59/244 39 (33-48) 100.0 12 months DLCO <80%, of

predicted 43.5

7 Female;

Age;

Others

Bellan M et al (2021) Italy prospective cohort

study

200 122/78 62 (51-71) 100.0 12 months DLCO <80%, of

predicted 49.0

7 Female;

Age;

Altered CT;

Others1b

Labarca G et al (2021) Chile prospective,cross-

sectional study

60 32/28 mild 39.2 (§14.3)

moderate 47.4 (§11)

severe 50.0 (§10.3)

100.0 4 months DLCO <80%, of

predicted

25.0 7 Age; Others2a

Labarca G et al (2021) Chile prospective cohort

study

60 32/28 Control:40.4 (§23.6)

ARDS:51 (§11.6)

100.0 3-6months DLCO <80%, of

predicted

25.0 7 Others2b

Zhang SD et al (2021) China retrospective cohort

study

40 19/21 57 (40-68) 100.0 249 § 15 days DLCO <80%, of

predicted

32.5 7 Others

Safont B et al(2021) Spain prospective cohort

study

313 184/129 61.12 § 12.26 100.0 6 months DLCO <80%, of

predicted

54.7(2 onths)

47(6 onths)

7 Female;

Age;

Others

Zhao YM et al (2021) China prospective cohort

study

94 54/40 61(50-71) 100.0 12 months DLCO <80%, of

predicted 14.3

7 Urea nitrogen;

Others

Marta NF et al (2021) Spain prospective cohort

study

200 119/81 62 (50-71) 100.0 3 months reduced DLNO 58.0 7 Others

Zhao YM et al (2020) China retrospective cohort

study

55 32/23 47.74§15.49 100.0 3 months DLCO <80%, of

predicted

16.4 8 Urea nitrogen;

D-dimer

Lerum TV et al (2020) Norway 103 54/49 59 (49-72) 100.0 3 months Not m ntioned 7 Others

Table 1 (Continued)
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analysis (e-Figures 4-5). Four studies28,34,40,41 per-
formed pulmonary diffusion function tests between
three and six months after the patient's discharge, and
the remaining four studies25,26,35,37 performed pulmo-
nary function tests one year after discharge. All of
eight articles25,26,28,34,35,37,40,41 were all multivariate
logistic regression analyses. Our results show that age
is a risk factor for impaired DLCO (OR: 1.018; 95% CI:
1.007−1.030). Heterogeneity was considered insignifi-
cant (I2=28.4%, p = 0.201). The subgroup analysis was
carried out to explore the source of heterogeneity and
the risk estimate in each subgroup. For age, the sub-
group analysis by the follow-up time showed that there
was no significant difference in ORs between 3-6
months after discharge and 1 year after discharge
(OR:1.022, 95% CI: 1.005 - 1.039 VS OR: 1.015, 95%
CI: 0.999 - 1.031). (e-Figures 6-7)
D-dimer
Three studies17,28,41 have pointed out the association
between D-dimer and DLCO impairment. All COVID-
19 survivors were examined for pulmonary diffusion
function between three to six months after discharge
from the hospital. Data from multivariate logistic
regression analyses are provided by studies performed
by Salem et al. and Zhao et al.17,41 Qin et al. reported
the results of univariate logistic regression.28 The
results showed that as the patient's D-dimer increased
during the follow-up period, the DLCO was more likely
to be impaired (OR: 1.012; 95% CI:1.001−1.023). Het-
erogeneity was considered insignificant (I2=34.6%,
p = 0.217). (e-Figure 8)
Urea nitrogen
Two studies reported the relationship between high
levels of Urea nitrogen and impaired DLCO.17,38 Con-
valescent COVID-19 patients with higher level of urea
nitrogen are more likely to present damaged DLCO
(OR: 1.004; 95% CI:1.002−1.007, I2= 47.2%,
p = 0.169). One study38 performed pulmonary diffu-
sion function tests at one year after discharge and the
remaining one17 performed pulmonary diffusion
function tests after three months. All of data were
extracted from multivariate logistic regression analy-
ses. (e-Figure 9).
Bias and sensitivity analyses
As mentioned in the previous statistical analysis, poten-
tial publication bias was assessed on the factors men-
tioned in more than 7 studies. Therefore, we performed
the tests for bias for the age risk factor. And it was
showed that both Begg's test and Egger's test showed a
low likelihood of bias (p = 0.386; p = 0.338). (e-Figures
10-12) Sensitivity analyses were performed for those
studies with high NOS. The sensitivity analyses showed
7



Figure 2. Forest plot of meta-analyses on the potential risk factors for impaired diffusing capacity of the lung for carbon monoxide.
Red squares and their corresponding lines are the point estimates and 95% CIs. No statistical difference was observed with the

red squares and their corresponding line crossing the line of effect. The red squares and their corresponding line in the risk factors
of female, altered chest computerized tomography (CT), age, higher D-dimer levels and urea nitrogen were not crossing the line of
effect. Therefore, the above factors were identified as risk factors for impaired DLCO. Heterogeneity was evaluated using Cochran's
Q and I2 statistics, in which P-values of < 0.1 and I2 > 50% were defined as statistically significant heterogeneity.

CI, confidence intervals; N, sample size; OR, Odds ratio; CT, computerized tomography.
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that our results were generally robust, regardless of
small differences between the high NOS and overall
results. (e-Table 3)
Discussion
Eighteen studies that investigated risk factors for
impaired pulmonary diffusion function in recovered
COVID-19 patients were identified in our systematic
review. Our results showed that 1) the percentage of
abnormal DLCO among recovered COVID-19 patients
who underwent follow-up ranged from 14% to 67%; 2)
Female, altered chest CT, older age, higher levels of D-
dimer, and urea nitrogen were identified as risk factors
for impaired DLCO in these patients. This is the first
meta-analysis to summarize the potential risk factors
for impaired DLCO in convalescent COVID-19 patients.
And it may provide some suggestions for COVID-19
patients' individual treatment during hospitalization
and after discharge. Half of the reports included in this
review were of high quality according to the NOS score.
And the results of the studies were considered objective
and reliable. The studies included in this review were
prospective and had relatively uniform diagnostic crite-
ria, which allowed for better control of bias and con-
founding factors arising in the review.
The risk of impaired DLCO in female recovered
COVID-19 patients is about four times higher than
male recovered COVID-19 patients after discharge. It is
suggested that the damage of alveolar capillaries and
microvasculature may be more severe in female
COVID-19 survivors than in males. Firstly, there are sex
differences in the immune response of patients infected
with COVID-19. During SARS-CoV-2 infection, male
patients had higher plasma levels of innate immune
cytokines and stronger induction of non-classical mono-
cytes, while T cell activation in female patients was
stronger than that in male patients.42 The existence of
different immune response mechanisms between men
and women may lead to more serious damage to alveo-
lar capillaries and micro-vessels in women, which in
turn affects the ability of pulmonary diffusion. Sec-
ondly, greater expression of ACE2 in women leads to a
worse prognosis for SARS-CoV-2.43 This may be related
to why women are more likely to develop DLCO damage
during follow-up. However, the specific mechanisms
are not clear, and more researches are needed to con-
firm them further.

Our meta-analysis found that the higher levels of D-
dimer during follow-up were also one risk factor for
impaired DLCO in COVID-19 survivors. Measurement
of D-dimer levels on admission may help predict the
impairment of pulmonary diffusion function.17 As
www.thelancet.com Vol 49 Month July, 2022
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previous studies reported, patients with elevated D-
dimer can lead to pulmonary vascular damage, throm-
bosis, and microangiopathy, which may affect pulmo-
nary diffusion capacity.44,45

D-dimer has now been identified as a prognostic
indicator of disease severity and poor outcome.46 It has
been revealed that COVID-19 patients with a high risk
of venous thromboembolism had poorer outcomes than
patients with a low risk.47 A retrospective study found
that anticoagulant therapy appears to be associated with
a better prognosis in severe COVID-19 patients with
markedly elevated D-dimer.48 Therefore, dynamically
detecting the D-dimer level may be a potential way for
estimating the recovery of diffusion capacity in COVID-
19 survivors. The effect of early thromboprophylaxis on
improving the prognosis of COVID-19 patients may
deserve further studies.

Four studies28,34,35,39 showed that CT alteration was
a risk factor for DLCO damage. Chest CT total severity
score was related to the severity of inflammation in the
lung.49 The higher the score, the more severe the lung
damage.50 There was considerable evidence showing
that the percentage of DLCO prediction was negatively
correlated to persistent CT abnormalities.51-53 Abnormal
TSS was significantly associated with impaired DLCO,
indicating that the severity of lung inflammation may
be one aspect of impaired DLCO. DLCO mainly corre-
lates to two factors, including the rate constant for car-
bon monoxide uptake from alveolar gas (KCO) and the
accessible alveolar volume (VA). In the early stage of the
disease, one study using both lung ultrasound and chest
CT has identified signs of interstitial-alveolar damage in
patients with mild to severe COVID-19 pneumonia.54

Alveolar-capillary damage, microvascular pathology or
anemia can lead to the decline of KCO. Decreased VA

occurs in reduced alveolar expansion, alveolar damage
or loss, or maldistribution of inspired gases with airflow
obstruction.55 These suggested that the impaired lung
diffusion capacity might correlate with severe pulmo-
nary pathological changes, such as capillary component
damage and reduced accessible alveolar volume. But
more investigation is still needed to explore the compre-
hensive pathological changes. Observing dynamic
changes of lung function should be considered for
COVID-19 survivors with abnormal chest CT.

Our results show that age is also a risk factor for
impaired DLCO. A growing number of studies have
shown that elderly patients are more likely to develop
DLCO impairment. A recent study found that older age
was linearly associated with poorer predictive values of
DLCO at follow-up in COVID-19 patients.56 Lewis et al.
also showed that older age was independently associated
with a decrease in DLCO following SARS-CoV-2 infec-
tion.57 In an editorial on the pathogenesis of COVID-19,
Prof. Mason commented that immune response disor-
ders in elderly patients may make it easier for the virus
to spread to the gas exchange units in the lungs.58 The
www.thelancet.com Vol 49 Month July, 2022
specific mechanism of elderly patients being more likely
to have DLCO damage is uncertain. Some studies pro-
posed that it may be related to the higher expression of
Angiotensin-Converting Enzyme 2 (ACE2) in elderly
patients. SARS-CoV-2 interacts with ACE2 receptors
and thereby leads to COVID-19.59,60 Previous studies
have reported that elevated levels of ACE2 expression
were associated with older age.61 Elderly patients with
previous Renin-Angiotensin System Inhibitors (RASI)
use were less likely to have abnormal DLCO at follow-
up period compared to non-RASI users.56 In addition,
the decrease of DLCO in elderly patients may be related
to the severity of the disease.62,63 A recent study found
that requiring invasive mechanical ventilation (IMV) or
developing ARDS were associated with poorer pulmo-
nary diffusion function in COVID-19 patients.64 DLCO
damage is more common in critically COVID-19
patients.11,31 And the older COVID-19 patients may tend
to be more serious.62,63 Additionally, patients with
COVID-19, especially the elderly, have various degrees
of respiratory, physical, and psychological impairment.
Therefore, for this group, in addition to active treatment
to improve their condition during hospitalization, respi-
ratory rehabilitation during convalescence for improv-
ing respiratory function and the quality of life may be
worthy of further studies.65

Several limitations should be noted in our systematic
review. Firstly, as we only included the English litera-
tures for analysis, the scope of our search was not neces-
sarily comprehensive. Secondly, there are few studies
addressing risk factors for impaired DLCO during
recovery in COVID-19 patients. The amount of litera-
tures included and data available for analysis were lim-
ited. Therefore the subgroup analysis on certain
confounders (such as follow-up time, disease severity,
virus variants, etc) could not be performed currently.
Thirdly, there are two literatures about urea nitrogen
were from the same author,17,39 and the potential over-
lap of the data may not be completely ruled out. Finally,
there may be additional features that contribute to
impaired DLCO, and we are unable to report on them
due to the limited amount of studies. We only analyzed
and discussed risk factors that have been mentioned in at
least two papers and above or with relatively significant
ORs. Despite some limitations, this study was designed
strictly in accordance with the PRISMA list and was regis-
tered in advance. To our knowledge, this study is the first
to explore the risk factors for impaired DLCO in conva-
lescent COVID-19 patients. It may provide preliminary
results for estimating the recovery of respiratory function
in convalescent COVID-19 patients.

Pulmonary diffusion capacity was the most common
impaired lung function in recovered patients with
COVID-19. Several risk factors, such as female, altered
chest CT, older age, higher D-dimer levels and urea
nitrogen are associated with impairment of DLCO. Rais-
ing awareness and implementing interventions for
9
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possible modifiable risk factors maybe valuable for pul-
monary rehabilitation.
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