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Abstract

Background Small airway dysfunction (SAD), a hallmark of early lung function abnormality, is a major component of
several chronic respiratory disorders. The role of SAD in patients with connective tissue disease-related interstitial lung
disease (CTD-ILD) has not been explored.

Methods We conducted a two-parts (retrospective and prospective) study to collect pulmonary function tests from
CTD-ILD patients. SAD was defined as at least two of the three measures (MMEF, FEF 50%, and FEF 75%) must be 65%
of predicted values. Spearman correlation coefficient was used to evaluate association between SAD and other pul-
monary function parameters. Mixed effects regression modeling analysis was used to assess response to treatment.

Results CTD-ILD patients with SAD and without SAD were compared in this study. In the retrospective study, pul-
monary function tests (PFTs) from 491 CTD-ILD patients were evaluated, SAD were identified in 233 (47.5%). CTD-ILD
patients with SAD were less smokers (17.6% vs. 27.9%, p=0.007) and more females (74.3% vs. 64.0%, p=0.015) than
those without SAD. CTD-ILD patients with SAD had lower vital capacity (% predicted FVC, 70.4418.3 vs. 80.0+ 20.9,
p<0.001) and lower diffusion capacity (% predicted DLCO, 58.8 £ 19.7 vs. 63.8£22.1, p=0.011) than those without
SAD. Among 87 CTD-ILD patients prospectively enrolled, significant improvement in % predicted FVC was observed
at 12-months follow-up (6.37 £ 1.53, p<0.001 in patients with SAD; 5.13+ 1.53, p=10.002 in patients without SAD), but
not in diffusion capacity and SAD parameters.

Conclusion In our cohort, about half of CTD-ILD patients have SAD, which is less frequent in smokers and more com-
mon in female patients. CTD-ILD patients with SAD have worse pulmonary function compared to those without SAD.
Improvement of FVC but no improvement of SAD was observed in CTD-ILD patients after treatment.
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Introduction

Interstitial lung disease (ILD) is the most common pul-
monary manifestation of connective tissue diseases
(CTDs), involving autoimmunity and multiple manifesta-
tions of respiratory complications affecting the airways,
lung parenchyma, pleura, and respiratory muscles, and
is associated with significantly increased morbidity and
mortality of CTDs [1, 2]. The prevalence of ILD has been
reported in 70-90% systemic sclerosis (SSc), 15-70% idi-
opathic inflammatory myopathies (IIM), 20-85% mixed
connective tissue disease (MCTD), 4—68% rheumatoid
arthritis (RA), 10-30% primary Sjégren’s syndrome (pSS),
and 2-10% systemic lupus erythematosus (SLE) patients.
Thus, early diagnosis and evidence-based management
of ILD are crucial for better prognosis of CTD-ILD.
Recently, several CTD-ILD guidelines or position state-
ments from Japan, Korea, Australia and New Zealand
were published, providing a framework to aid clinicians
in ILD assessment and management [3-5]. Neverthe-
less, few prognostic determinants are available to assess
the ILD progression in the context of CTD due to lack of
understanding of the disease trajectory.

Among pulmonary function tests (PFTs), several key
parameters have been used to monitor pulmonary dis-
ease progression and treatment response, including
forced vital capacity (FVC) for lung volume, diffusion
capacity for carbon monoxide (DLCO) for gas diffu-
sion capacity, maximum mid expiratory flow (MMEF),
50% forced expiratory velocity (FEF50%) and 75% forced
expiratory velocity (FEF75%) for small airway function
[6-10]. Longitudinal measurement of PFTs is suggested
for monitoring the progression of ILD in CTD-ILD
patients in the newly published guidelines [3]. PFTs for
CTD-ILD mainly reflect a “restrictive” ventilatory pat-
tern and a reduced diffusion capacity. FVC and DLCO
have been usually suggested as key parameters to assess
the severity of ILD in CTD-ILD patients [2]. On the
other hand, whether small airway function is worth to be
assessed in CTD-ILD has remained unknown.

Small airways are defined as bronchial airways less
than 2 mm in internal diameter, generally located from
the eighth generation of airways to the respiratory bron-
chioles and account for 98.8% of the total lung volume
(corresponding to approximately 4500 ml) [11]. Recent
pathological studies demonstrated that bronchiolitis is
identified in ILD, including idiopathic pulmonary fibro-
sis (IPF) [12—-14], RA-ILD [5] and SS-ILD [5]. Thus, we
hypothesized that SAD could be detected by PFTs in

CTD-ILD patients and may be used as a prognostic
parameter of pulmonary function in CTD-ILD patients.
In the present study, we carried out retrospective and
prospective studies of SAD in CTD-ILD, and provided
evidence to highlight the needs for in-depth study of
SAD in CTD-ILD patients.

Methods

Study design

The study was conducted at West China Hospital of
Sichuan University (approval number 2019-246) and
consisted of two parts. Part one was a cross-sectional
study, in which the proportion of SAD in CTD-ILD and
correlations between SAD indicators and lung function
were retrospectively assessed. Part two was a cohort
study, in which CTD patients who developed ILD were
prospectively enrolled. Written informed consent was
obtained from all participants in the prospective study
and a waiver was obtained for the retrospective study.

Subjects
In the retrospective cross-sectional study, participants
were CTD-ILD patients admitted to the West China
Hospital between January 2013 and December 2017 with
a completion of PFTs. The demographic and clinical data,
PFTs, and laboratory tests were extracted from hospital
electronic medical records. The diagnosis of CTD-ILD
was established according to current international guide-
lines [15-20]. Patients were excluded from the study for
the following reasons: (1) age below 18 years; (2) pulmo-
nary function tests not performed or not available; (3)
acute exacerbation of CTD-ILD one month ago before
collected PFTs; (4) concomitant pulmonary diseases,
such as infection, pulmonary embolism, pneumothorax,
chronic obstructive pulmonary disease and ILD caused
by pneumoconiosis, inhalation of organic matter and
other causes; (5) other concomitant diseases that could
interfere with respiratory function and/or quality of life,
such as severe cerebrovascular disease, severe heart fail-
ure caused by cardiovascular disease, severe renal dis-
ease. The interstitial lung disease—gender-age-physiology
(ILD-GAP) index was evaluated and collected for all par-
ticipants [21]. Two respiratory physicians who had fin-
ished standardized training were responsible for the data
collection and evaluation.

In the prospective cohort study, patients diagnosed
with CTD-ILD were consecutively recruited between
March 2019 and March 2022. Multi-disciplinary
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follow-up evaluation was routinely performed for each
patient about every 6 =2 months to manage treatment,
according to expert consensus and clinical guidelines
[5]. At each visit, symptoms and quality of life were
assessed using standardized questionaries: Borg scale
and modified Medical Research Council (mMRC Scale)
for dyspnea, Visual Analog Scale (VAS) and Leicester
Cough Questionnaire (LCQ) for cough, and Short Form
of Quality-of-Life scale (SF-36). Patients were excluded
according to the exclusion criteria defined in the retro-
spective study.

PFTs and SAD evaluation

PFTs was performed by two trained technicians with
over 20 years of experience using a full MasterScreen
PFT System (Jaeger Corp. Germany) and accordingly
to the American Thoracic Society (ATS)/European
Respiratory Society (ERS) guidelines [22]. FEV,, FVC,
FEV,/EVC, MMEE, FEF50, FEF75 and DLCO were
measured as percentages of predicted values. Diffusion
capacity was considered abnormally low under 80% of
predicted [23]. The prediction equations and reference
values were based on a large population study of nor-
mal spirometry values in a Chinese population aged
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4-80 years [24], and difference of these values com-
pared to the ones for Caucasian population are pre-
sented in Table S1. PFTs values were used to evaluate
the presence of small airway dysfunction (SAD), based
on clinical guidelines and a Chinese nation-wide popu-
lation research on SAD [8]. MMEF, FEF 50%, and FEF
75% were calculated from PFTs measurements. SAD
was defined according to the current Chinese popula-
tion study [8, 25, 26]: at least two of the three measures
(MMEEF, FEF 50%, and FEF 75%) must be 65% of pre-
dicted values.

Statistical analysis

Statistical analyses were performed using SPSS (version
21.0, IBM SPSS, Chicago, IL). To compare differences
between groups, we used Chi-squared or Fisher exact
test for categorical variables, and Student’s t or Wilcox-
on’s signed-rank test for continuous variables. To iden-
tify risk factors associated with the presence of SAD,
univariate and multivariate logistic regressions were
performed. Correlations were calculated using Spear-
man correlation coefficient. Mixed effects regression
modeling analysis of variance was performed to evalu-
ate changes over time. Mixed ANOVA was performed

Retrospective Study

Patients with a diagnosis of CTD-
ILD (n=1153)

\ 4
.

\ 4

Included Patients (n = 491)

Excluded patients (n = 652)

Age<18 (n=51)

Incomplete pulmonary function tests (n = 428)

Acute exacerbation of CTD-ILD (n=10)

Combined with other respiratory diseases (n = 134)
Combined with other diseases that could interfere lung
functional evaluation and/or quality of life (n = 39)

\ v

Patients with SAD (n = 233)

Patients without SAD (n = 258)

v v

Demographic and clinical characteristics,
and correlations between SAD indicators
and DLCO (or FVC) were analyzed.

Fig. 1 Flowchart of the retrospective study
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to evaluate interaction between SAD and trends of pul-
monary function. All p values were two-sided and sig-
nificance was set to 0.05.

Results

Demographic and clinical characteristics

In the part one retrospective study, 491 patients with
CTD-ILD were included (Fig. 1 and Table S2): 116
patients had idiopathic inflammatory myopathies-related
interstitial lung disease (IIM-ILD), 96 systemic sclerosis-
related interstitial lung disease (SSc-ILD), 63 rheumatoid

A

RA-ILD
IIM-ILD
pSS-ILD
SSc-ILD
SLE-ILD
OS-ILD
Others

poooomEo

IIM-ILD
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arthritis-related interstitial lung disease (RA-ILD), 55
primary Sjogren’s syndrome-related interstitial lung dis-
ease (pSS-ILD), 18 systemic lupus erythematosus-related
interstitial lung disease (SLE-ILD), 63 overlap syndrome-
related interstitial lung disease (OS-ILD) and 80 other
types of CTD (Table S2, Fig. 2A). Fibrotic pattern was
detected in all patients: 231 nonspecific interstitial pneu-
monia (NSIP), 73 usual interstitial pneumonia (UIP), 9
organizing pneumonia (OP), 4 lymphocytic interstitial
pneumonia (LIP) and 174 other patterns of CTD-ILD.
As for ILD-GAP index, 405 patients had 0-1 score, 78

SSc-ILD

Female

OS-ILD

Male

Bl CTD-ILD with SAD
[ CTD-ILD without SAD

60.8%

Fig. 2 Types of CTD-ILD for retrospective data and proportion of SAD in different groups. A All the types of CTD-ILD for retrospective study that
included in our research, including 116 [IM-ILD (23.6%), 96 SSc-ILD (19.6%), 63 RA-ILD (12.8%), 55 pSS-ILD (11.2%), 18 SLE-ILD (3.7%), 63 OS-ILD
(12.8%) and 80 other types of CTD (16.3%). B Proportion of SAD in different types of CTD-ILD. SAD was found in 60.0% pSS-ILD, 52.6% IIM-ILD, 45.8%
SSc-ILD, 44.4% SLE-ILD, 42.9% RA-ILD, and 42.9% OS-ILD. C Proportion of SAD in different gender. SAD was found in 51.2% female patients and

39.2% male patients
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had 2-3 scores, and 8 had 4-5 scores. Mean age was
54.4£13.0 years, 68.8% were female, 23.0% had a smok-
ing history.

PFTs of 491 patients were assessed. Most (79.8%)
patients were identified to had impaired diffusion capac-
ity and 233 (47.5%) had SAD. The highest proportion of
SAD was among patients with pSS-ILD (Fig. 2B): in our
population, patients with SAD had a lower prevalence of
current and former smokers (17.6% vs. 27.9% in patients
without SAD, p=0.007) and heavy smoking history
(smoking >20 pack-years, 11.6% vs. 18.2% in patients
without SAD, p=0.039), while BMI values were simi-
lar between the two groups. However, no difference was
found in the patterns and ILD-GAP index of the CTD-
ILD between the two groups (Table 1). Patients with SAD
were more likely to be female (74.2% vs. 64.0% in patients
without SAD, p=0.015) (Table 1). The prevalence of SAD
in female patients was significantly higher (51.2% vs.
39.2% in males, p=0.020) (Fig. 2C).

At univariate regression analysis, gender and smoking
status were significantly associated with SAD, as shown
in Table S3. Although BMI was not associated with SAD
in our cohort, increased BMI is known as a risk factor
for SAD [8]. At multivariate analysis including age, sex,
smoking status and BMI, female sex (OR=2.170, 95% CI
1.204-3.914, p=0.01) and older age (OR 1.025, 95% CI
1.005-1.046, p=10.017) were found to be independently
associated with SAD (Table S3).

Table 1 Comparison of demographic characteristics among
CTD-ILD patients with and without SAD

SAD (n=233) NoSAD(n=258) p

Age, (y) 5344128 553+132 0.103
Female, n (%) 173(74.2%) 165(64.0%) 0.015
BMI, (kg/m?2) 230435 222435 0.095
Ever smoker, n (%) 41(17.6%) 72(27.9%) 0.007
Former smoker, n (%) 21(9.0%) 54(20.9%) <0.001
Current smoker, n (%)  20(8.6%) 18(7.0%) 0.506
> 20 pack-years,n (%)  27(11.6%) 47(18.2%) 0.039
ILD duration, (y) 16423 14422 0.293
CTD duration, (y) 434+64 41465 0.786
Patterns of CTD-ILD

NSIP 114 (49.7%) 117 (45.3%) 0324

UIP 31 (13.3%) 42 (16.3%)

OP 7 (3.0%) 2 (0.8%)

LIP 2(0.8%) 2(0.8%)

Others 79 (33.9%) 95 (36.8%)
ILD-GAP index

0-1 188 (80.7%) 217 (84.1%)

2-3 41 (17.7%) 37 (14.3%) 0577

4-5 4 (1.6%) 4(1.6%)

Data are presented as n (%) or means = SD. SD Standard deviation, BM/ Body
mass index
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Association of SAD and pulmonary-function

Overall, CTD-ILD patients with SAD (n=233) showed
worse pulmonary function values, compared to those
without SAD (n=258), including lower % predicted FVC
(70.4+18.3 vs. 80.0£20 respectively, p<0.001). DLCO
(58.8£19.7 vs. 63.8 +22.1 respectively, p=0.011), FEV1
(68.1+£16.9 vs. 86.9+20.5 respectively, p=0.004), FEV1/
FVC (78.0+11.4 vs. 86.7+10.4 respectively, p<0.001)
(Fig. 3). A statistically significant correlation was found
between SAD indicators (MMEF%, FEF75%, and
FEF50%) and FEV,/FVC% (r=0.571, p<0.001, r=0.564,
p<0.001 and r=0.523, p<0.001, respectively), as well as
with FVC% (r=0.247, p<0.001, r=0.202, p<0.001 and
r=0.257, p<0.001, respectively) and FEV1% (r=0.516,
p<0.001, r=0478, p<0.001 and r=0.507, p<0.001,
respectively). Two of the functional parameters used to
define SAD (MMEF% and FEF50%) showed significant,
although weak correlation with DLCO% values (r=0.108,
p=0.019 and r=0.097, p=0.035, respectively) (Table 2).

Association of SAD and scales

In the part two prospective study (Fig. 4), 139 newly diag-
nosed CTD-ILD patients were enrolled. Demographic
and clinical characteristics of these patients are shown in
Table S4. Confirming the findings from the retrospective
cohort, patients with SAD were more likely to be female
(93.3% vs. 75.9% compared to patients without SAD,
p=0.006) and less likely to be current and former smoker
(6.7% vs. 22.8% compared to patients without SAD,
p=0.010). All 139 patients received multi-disciplinary
care, treatment was provided according to expert con-
sensus and clinical guidelines [5], and follow-up evalua-
tion was routinely performed every 6 months.

All the parameters of SAD (MMEF%, FEF75% and
FEF50%) were negatively associated with mMRC score
(r=-0.249, p=0.003, r=-0.230, p=0.007 and r=-0.273,
p=0.001, respectively) and positively associated with
general health of Short Form of Quality-of-Life scale
(r=0.249, p=0.003, r=-0.206, p=0.015 and r=-0.243,
p=0.003, respectively). Two of parameters of SAD
(MMEF% and FEF50%) showed significant correlation
with Borg score (r=-0.172, p=0.043 and r=-0.241,
p=0.004, respectively) (Table 3). At the same time, other
PFT values (FVC% and DLCO%) were also negatively
associated with mMRC score (r=-0.364, p=0.001 and
r=-0.368, p<0.001), Borg score (r=-0.344, p=0.001 and
r=-0.380, p<0.001). FVC% was showed significant cor-
relation with VAS score and LCQ score (Table S5).

Treatment response
Among the 139 CTD-ILD patients enrolled in the pro-
spective cohort, average number of follow-up pulmonary
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Fig. 3 Comparison of pulmonary function tests between CTD-ILD patients with and without SAD for retrospective data. CTD-ILD patients with
SAD (n=233) showed worse pulmonary function values, compared to those without SAD (n=258): FVC% (70.4 4= 18.3 vs. 80.0 & 20 respectively,
p<0.001), DLCO% (58.8419.7 vs. 63.8 £ 22.1 respectively, p=0.011), FEV1% (68.1  16.9 vs. 86.9 £ 20.5 respectively, p=0.004), FEV1/FVC%

(78.0£ 114 vs. 86.7 £ 104 respectively, p<0.001)

Table 2 Correlations between the indicators of SAD and other
pulmonary function parameters

MMEF% FEF75% FEF50%

FVC%

rho 0.247 0.202 0.257

p-value <0.001 <0.001 <0.001
FEV1/FVC%
r ho 0.571 0.564 0523

P-value <0.001 <0.001 <0.001
FEV1%

rho 0516 0478 0.507

p-value <0.001 <0.001 <0.001
DLCO%

rho 0.108 0.077 0.097

p-value 0.019 0.095 0.035

FEV1 Forced expiratory volume in the first second, FVC Forced vital capacity,
DLCO Diffusion capacity for carbon monoxide, MMEF Maximum mid-expiratory
flow, FEF Forced expiratory flow

function tests per patient was 2.47. 87 (62.6%) completed
the 12-month follow-up and were included in the lon-
gitudinal analysis. Among the 87 CTD-ILD patients,
36 patients (41.7%) had SAD. Treatment data (treat-
ment including immunosuppressive therapy, antifibrotic
therapy, and/or antioxidant therapy) for CTD-ILD with
and without SAD were collected (Table S6), and no
significant imbalances regarding therapy were found
between the two groups. Mixed effects regression mod-
eling analysis showed that CTD-ILD patients with SAD
had significantly increased FVC% at 12-months (change
in % predicted FVC 6.37£1.52, 95% CI 2.883-9.856,
p<0.001). CTD-ILD patients without SAD had signifi-
cant increased FVC% versus baseline at both 6-months
(change in % predicted FVC 3.62+1.53, 95% CI 0.152—
7.095, p=0.039) and 12-months ((change in % predicted
FVC 5.13+1.53, 95% CI 1.656-8.599, p=0.002). No
improvement of diffusion function (DLCO%) and small
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Prospective Study

Exclusion criteria
Age<18
Incomplete pulmonary function tests
Acute exacerbation of CTD-ILD
Combined with other respiratory diseases
Combined with other diseases that could interfere
lung functional evaluation and/or quality of life

||

l Inclusion (n = 139) |

Inclusion criteria

* Diagnosis of CTD-ILD
* Agree to provide informed consent

e o o o o

A 4

Patients with SAD (n =60 ) ‘ ‘ Patients without SAD (n=79)

v

Follow-up every 6 months. Collected
clinical findings, laboratory data, PFTs data
and functional scales.

l

Completed the study of 6-month follow-up (n = 118)
Completed the study of 12-month follow-up (n = 87)

Fig. 4 Flowchart of prospective study

Table 3 Correlations between the indicators of SAD and  SAD (Fig. 5(A) (B)) (Table S7). Mixed ANOVA evaluat-
symptom scale scores ing group differences in % predicted FVC across time

MMEF% FEF75% rersos  Showed that there was no interaction between SAD and
trends of pulmonary function (F=0.743, p=0.447), indi-

mMRC cating that the presence of SAD did not affect changes of
o 0.249 0230 0273 FVC. To evaluate the treatment response among differ-
B:: —g\/alue 0003 0007 0001 ent CTD-ILDs, we compared with SAD and without SAD
o o o130 ooa in different CTD-ILD subgroups using Mixed ANOVA,
Palue 0043 0103 0008 including IIM-ILD (FVC%, F=0.984, p=0.357; DLCO%,
VAS F=0.712, p=0457), pSS-ILD (FVC%, F=0.054,
o 0015 0013 0031 p=0.850; DLCO%, F=1.998, p=0.229), SSc-ILD (FVC%,
pvalue 0862 0,881 0713 F=0.944, p=0.944; DLCO%, F=2.263, p=0.151) and
LcQ OS-ILS (FVC%, F=0.316, p=0.615; DLCO%, F=0.225,
tho 0052 0052 0062 p=0.713). All the subtype analysis revealed the presence
p-value 0575 0573 0499 of SAD did not affect changes of FVC or DLCO (Table
GH S8). As for quality of life, improvement of symptoms was
tho 0249 0.206 0.247 observed in all the CTD-ILD patients at 12 month follow
p-value 0.003 0015 0.003 up time.
MMEF Maximum mid-expiratory flow, FEF Forced expiratory flow, mMRC CTD-ILD Patients with SAD had lower FVC values at
Modified medical research council for dyspnea, VAS Visual analog scale, LCQ all the three points: baseline (76.7+18.5 vs. 89.7+21.3

Leicester cough questionnaire for cough, GH General health of short form of . . . _
quality-of-life scale in patients without SAD, p=0.001), 6-month follow-

airway dysfunction (FEF50, FEF75 and MMEE) were P (789+17.6 vs. 9331+19.2 in patients without

identified in either CTD-ILD patients with or without SAD, p=0.001) and 12-month follow-up (83.1+17.2
vs. 94.8+18.5 in patients without SAD, p=0.001).
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Fig. 5 Changes of lung function and symptom scale scores during 12-months follow-up. A DLCO% and FVC%; (B) SAD indicators;(C(1)) Dyspnea
symptom based on mMRC and Borg score; (C(2)) Cough symptom based on LCQ and VAS score; (C(3)) Overall health score based on general
health of SF-36 Quality-of-Life score. Figure legend: FVC: forced vital capacity; DLCO diffusion capacity for carbon monoxide; MMEF, maximum
mid-expiratory flow; FEF, forced expiratory flow; mMRC, modified Medical Research Council for dyspnea; VAS, Visual Analog Scale; LCQ, Leicester
Cough Questionnaire for cough; GH, general health of Short Form of Quality-of-Life scale

(Fig. 5A). CTD-ILD patients with SAD also had lower
diffusion capacity values at all the three points, base-
line (64.3+£14.6 vs. 72.3+17.8 in patients without SAD,
p=0.017), 6 (63.24+13.8 vs. 71.5+16.5 in patients with-
out SAD, p=0.017) and 12 months follow-up (62.54+13.9
vs. 72.04+21.2 in patients without SAD, p=0.017).
Besides, CTD-ILD patients with SAD showed more

severe dyspnea based on the mMRC score (1.28+0.818
vs. 0.78 £0.786, p<0.001, N=118) at 6-month (Fig. 5).
No difference in dyspnea (according to mMRC and Borg
score), and cough (according to VAS and LCQ score)
were identified at any time point across 12 months
between CTD-ILD patients with SAD and those without
(Fig. 5C (1)(2)(3)).
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Discussion

This study represents to our knowledge the largest
assessment of SAD in CTD-ILD patients using PFTs. We
showed that SAD is present in almost half of patients
with CTD-ILD, and is associated with worse lung func-
tion in CTD-ILD patients. On the other hand, the pres-
ence of SAD did not seem to affect response to treatment
in these patients.

SAD is considered a functional hallmark of airway
diseases, including COPD and asthma [27, 28], which
is identified by PFTs in at least 75% of COPD patients
[28] and 50-60% of adult asthma patients [27]. Studies
demonstrated that longitudinal evaluation of SAD by
PFTs plays indispensable roles in asthma/COPD con-
trol, including assessing disease severity, monitoring dis-
ease progression and evaluating treatment response [26,
29]. Recent studies suggest small airways abnormalities
is an early manifestation of ILD [12, 13], and that small
airway damage could affect lung function [30]. Zhang
et al. have found that 30% of IPF patients had comorbid
SAD, and the mortality risk of these patients was signifi-
cantly higher compared with the non-SAD group [31].
Small airways disease could occur in CTDs like RA and
pSS, which may be isolated or associated with ILD [32].
Nevertheless, there is very limited evidence to support
whether evaluation of SAD by PFTs is worth for CTD-
ILD monitoring and treatment evaluation. In the present
study, we assessed the SAD in 491 CTD-ILD patients who
were admitted to West China Hospital between January
2013 to December 2017, and detected the presence of
SAD in almost half (47.5%) by PFTs, indicating that SAD
is a frequent finding in CTD-ILD. This concept is also
supported by recent pathological studies demonstrating
that small airway abnormalities, including bronchitis/
bronchiolitis, were present in CTD-ILD [5]. Consistently
with previous studies showing that pSS are more likely to
have small airways disease involvement compared with
other subtypes of CTDs [33, 34], the highest SAD pro-
portion (60%) was detected in pSS-ILD.

In previous studies, smoking and increased BMI were
identified to be risk factors of SAD in healthy adults
or COPD/ asthma patients [8, 35]. Interestingly, in our
cohorts SAD was less common in smokers. Previous stud-
ies demonstrated that cigarettes impacts both innate and
adaptive immunity by attenuation of defensive immunity
[36]. Besides, nicotine in cigarettes may be anti-inflam-
matory. Infusions of nicotine could decreased immune
cell influx and reduced pro-inflammatory cytokine release
[37]. Smoking alters the distribution of T-helper cells, par-
ticularly shifting the balance between Th1, Th2 and Th17
cells [38], and reduces the proliferation of cytotoxic T
lymphocytes [39], thereby influencing cytokine release. A
recent cohort study has suggested smoking was associated
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with a reduced risk of severe COVID-19 [40], which may
be influenced by the mechanism above. Whether smok-
ing participates in inhibiting the overactive immune
response and inflammatory cytokine release in CTD-ILDs
is worth to be further explored. CTD is reported to be a
female predominant disease [41]. In agreement with this,
we found that CTD-ILD patients with SAD had a higher
female rate and showed that female gender is an inde-
pendent risk factor of SAD in CTD-ILD.

Previous studies implicate that small airway abnor-
malities may be an indicator of poorer prognosis of ILD,
especially in IPFE. For example, studies by Goto et al. dem-
onstrated that FEF75/ FEF75 ratio, the PFTs parameter
implicating SAD, may be used as one of the predictors of
mortality [42]. Zhang et al. found IPF patients with SAD are
related with higher mortality risk than those without SAD
by using the same SAD definition as our study method
[31]. Studies by Ikezoe et al. and Stijn et al. identified that
small airway loss occurs in IPF and is associated with fibro-
blastic foci [12, 13]. In the present study, we found that
CTD-ILD with SAD was associated with lower vital capac-
ity and lower diffusion capacity in both retrospective and
prospective cohorts. In addition, we carried out the first
longitudinal assessment of SAD in CTD-ILD patients who
were recruited for multidisciplinary care based on cur-
rent clinical guidelines. We found that pulmonary function
and symptoms improved over time after treatment in both
CTD-ILD patients with SAD and without SAD, but not
DLCO and small airway function parameters (MMEF5%,
FEF50%, FEF75%). Notably, disease trajectory in these
patients was not affected by the presence of SAD, which
did not impact the functional improvement during the fol-
low up. As such, our findings suggest that while SAD in
CTD-ILD correlates with more severe disease, it does not
seem useful as a marker of poorer response to treatment.

Our study has limitations. Firstly, the proportion of
SAD in CTD-ILD is generated from patients diagnosed in
the largest medical center in southwest of China, and any
extrapolations of our findings to different populations need
to be very careful. Secondly, the criteria used to evaluate
SAD by PFTs varied in different studies [43, 44]. To mini-
mize the interference by ethnic background, we chose the
definition of SAD and reference values commonly used in
the Chinese population studies [8].Thirdly, only PFTs data
from CTD-ILD patients in this real-world study were avail-
able to evaluate SAD. Our findings need to be verified by
other SAD assessment methods, including end-expiratory
high resolution computed tomography (HRCT), impulse
oscillometry (IOS) and lung clearance index (LCI) using
nitrogen washout, pathological analysis etc., are required
to confirm our study findings [45], [46]. Fourthly, previous
studies showed differences in terms of estimated preva-
lence of ILD, respiratory symptoms and manifestations
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among different subtypes of CTD-ILD [3]. Our study on
SAD was carried out from a mixed CTD-ILD population,
although specific subtypes of CTD-ILD analysis were per-
formed, the results are needed be cautious as the small
number of each subtypes of CTD-ILD. Fifthly, our cohort
study has a relatively high loss to follow-up rate which is
hardly to be avoid due to the COVID-19 pandemic.

In conclusion, we carried out the assessment of SAD by
PFTs in CTD-ILD and provide first evidence that SAD is
a frequent finding in these patients. The presence of SAD
could be used as a complementary parameter to assess dis-
ease severity in CTD-ILD patients, although it does not
seem to affect treatment response. Our findings highlight
the need for further studies on SAD in CTD-ILD, to vali-
date our PFTs fundings by other methods, and to explore
more in depth its pathobiological mechanisms and clarify
its prognostic significance.
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