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Abstract 

Background We conducted a retrospective observational study to explore the potential application of impulse oscil‑
lometry (IOS) as an alternative to high‑resolution computed tomography (HRCT) for detecting pulmonary involve‑
ment in patients with rheumatoid arthritis (RA) because clinically evident interstitial lung disease (ILD) and airway 
involvement are common in this population.

Methods We enrolled 72 patients with RA who underwent pulmonary function tests (PFTs) and IOS between Sep‑
tember 2021 and September 2022. We aimed to identify the PFT and IOS variables associated with lung diseases 
shown on HRCT images.

Results In our cohort of 72 patients, 48 underwent HRCT; of these, 35 had airway disease or ILD and 13 showed 
no obvious abnormalities on HRCT. Abnormal IOS and PFT parameters were observed in 34 and 23 patients, respec‑
tively, with abnormal HRCT images. The predicted percentages for forced vital capacity, the ratio of forced expiratory 
volume in the first one second to forced vital capacity, and forced mid‑expiratory flow value were significantly lower 
in patients with abnormal HRCT. Lung resistance at 5 Hz, difference in resistance between 5 and 20 Hz, resonant 
frequency (Fres), and reactance area were higher in these patients and reactance at 5 Hz was lower. Compared 
to other parameters, Fres > 14.14 was significantly associated with alterations in HRCT and may be used as an indicator 
for monitoring disease.

Conclusion Fres > 14.14 is significantly associated with lung involvement in RA patients. Performance of spirometry 
with IOS is more beneficial than spirometry alone for evaluating lung involvement in RA patients.

Keywords Rheumatoid arthritis, Interstitial lung disease, Small airway disease, Impulse Oscillometry

Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Pulmonary Medicine

*Correspondence:
Shih‑Hsin Chang
sherry61976@hotmail.com
Der‑Yuan Chen
dychen1957@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-023-02615-0&domain=pdf


Page 2 of 9Cheng et al. BMC Pulmonary Medicine          (2023) 23:331 

Introduction
Rheumatoid arthritis (RA) is a systemic chronic inflam-
matory disease that leads to chronic synovitis, joint 
destruction, and poor life quality [1]. Up to 80% of RA 
patients have one or more comorbidities [2, 3] resulting 
in the shortening of their life span [4]. Pulmonary dis-
eases are prevalent among 60–80% of RA patients and 
are significant because they lead to a mortality rate of 
10–20% [5–7]. RA can involve the lungs in various ways 
and cause diseases of the parenchyma, airways or pleura, 
e.g., interstitial lung disease (ILD), small airway disease 
(SAD), and pleural disease, but less commonly of pulmo-
nary vessels [8]. High resolution computed tomography 
(HRCT) of the chest, along with pulmonary function 
tests (PFTs), are widely employed for identifying pul-
monary abnormalities in RA patients [9]. However, fre-
quent HRCT imaging can result in a substantial amount 
of radiation exposure. Spirometry may have limitations 
in detecting abnormalities in the small airways, and it 
may be difficult to obtain reliable results from patients 
with severe lung dysfunction who are unable to perform 
the necessary maneuvers. Optimal screening, diagnos-
tic, and treatment strategies for RA-associated pulmo-
nary diseases are still lacking and are the focus of current 
research.

Spirometry is a PFT that measures air volume dis-
placement during forced respiratory maneuvers. In con-
trast, impulse oscillometry (IOS) does not depend on 
the patient’s effort. It evaluates changes in airway pres-
sure and flow and translates them into respiratory system 
resistance (Rrs) and reactance (Xrs). A significant benefit 
of IOS is that it can be measured during regular breath-
ing [10]. Rrs is an indicator of airway caliber and Xrs is 
believed to represent the elastic and inertial character-
istics of the respiratory system. The use of IOS has sig-
nificantly gained in popularity for assessment of disease 
status and therapeutic efficacy in obstructive pulmonary 
conditions, such as chronic obstructive pulmonary dis-
ease and bronchial asthma [11–13]. IOS is also useful in 
assessing ILD [14–16]. Multiple investigations have vali-
dated its clinical utility. Therefore, IOS has potential as 
an application to identify RA patients’ respiratory abnor-
malities, which cannot be detected through spirometric 
examinations.

Studies of complete assessment of RA-related pulmo-
nary pathologies with the use of IOS are currently lack-
ing. Sokai et  al. suggested that the forced oscillation 
technique (FOT) might be a useful tool for evaluating 
alterations in respiratory functions in RA patients [17]. 
The primary distinction between FOT and IOS is that 
the former sequentially transmits sound waves of vary-
ing frequencies, while the latter transmits an impulse 
that can be decomposed into different frequencies, which 

reduces testing time and improves signal-to-noise resolu-
tion [10]. The objective of this pilot study was to investi-
gate the presence of pulmonary involvement in patients 
with RA using two different methods—spirometry and 
IOS. The findings were then cross-referenced with the 
results obtained from HRCT scans of the chest.

Materials and methods
Patient enrollment
Seventy-two patients of the China Medical University 
Hospital who met the 2010 revised criteria of the Ameri-
can College of Rheumatology for RA [18] were enrolled 
in this study between September 2021 and Septem-
ber 2022. Of these patients, 48 underwent tests includ-
ing IOS, spirometry, and HRCT. We divided these 48 
patients into two groups: the first group consisted of 
patients with abnormal findings on their HRCT scans, 
while the second group consisted of patients with normal 
findings. We established relationships between measure-
ments and parameters from pulmonary function tests 
(IOS and spirometry) and chest CT images and identi-
fied the independent parameter of pulmonary function 
for RA patients with lung involvement (Fig.  1A). Clini-
cal data, including patient history and laboratory find-
ings, were obtained from medical records. On the same 
day of examination, respiratory impedance was measured 
using IOS and pulmonary function tests were performed. 
HRCT images taken within three months before or after 
the examination day were reviewed.

HRCT images
The appearance of the lungs, including the presence of 
SAD and ILD, was evaluated using HRCT scans obtained 
with a GE Optima 660 128 slice CT scanner (technical 
scan parameters: 100–390 mA and 120 kV). The images 
were displayed at window and level settings optimized 
for the visualization of lung parenchyma (level: − 800 HU; 
width: 1800 HU). The interval was 2.5  mm. All digital 
images were reconstructed using a high-resolution algo-
rithm and obtained at the window level appropriate for 
lung parenchyma and the mediastinum.

IOS measurements
The MasterLab IOS System (Erich Jaeger, Würzburg, Ger-
many) was used to collect IOS parameters before conven-
tional spirometry parameters. Calibration was performed 
using a single volume of air (3 L) at different flow rates 
and a reference resistance device (0.2  kPa/L/s). Patients 
wore a nose clip and a manufacturer-provided hard plas-
tic oval mouthpiece to minimize leakage of expired air. 
Cheek support was instructed to decrease shunt com-
pliance of the cheeks. Artifacts due to coughing, breath 
holding, swallowing, or vocalization were excluded. All 
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IOS measurements were performed by a single, experi-
enced respiratory technician. The parameters assessed 
included resonant frequency (Fres), resistance at 5  Hz 
(R5), resistance at 20  Hz (R20), the difference between 
resistance at 5 and 20  Hz (R5-R20), reactance at 5  Hz 
(X5), area of reactance (AX), and impedance at 5 Hz (Z5). 
Abnormal values of IOS parameters were defined as any 
of the following: R5 > 150%; R20 > 150%; R5-R20 > 0.07; 
Fres > 14.14; X5 < -0.12; and AX > 0.44 [19].

Pulmonary function test
Spirometry was performed five minutes after IOS meas-
urements using a pneumotachometer system equipped 
with a Lilly head (MasterScreen system; Erich Jaeger). 
The spirometric flow–volume curve was determined 
according to international criteria [20]. Patients used a 
nose clip and were instructed on how to perform a stand-
ard forced expiratory maneuver. Each data set included 
at least three reproducible attempts, with a maximum of 
eight attempts made by each patient. The best result from 
the three attempts was selected for the final data analy-
sis. Lung function measurement was repeated 20  min 
after administration of three puffs of 100 μg of albuterol 
via a pressurized metered dose inhaler. The evaluated 
parameters were forced vital capacity (FVC), forced 
expiratory volume in one second (FEV1), maximum mid-
expiratory flow between 25 and 75% of the forced vital 
capacity (MMEF25-75), inspiratory capacity (IC), total 
lung capacity (TLC), functional residual capacity (FRC), 
residual volume (RV), and diffusing capacity for carbon 

monoxide (DLco). Abnormal values of PFT parameters 
were defined as any of the following: FVC < 80% of pre-
dicted value; FEV1 < 80% of predicted value; MMEF25-
75 < 65% of predicted value; RV > 140% or < 80% of 
predicted value; DLco < 75% of predicted value; and 
TLC > 120% or < 80% of predicted value [21].

Determination of serum levels of rheumatoid 
factor‑immunoglobulin (Ig)M and anti‑cyclic citrullinated 
peptide antibody IgG levels
Serum levels of rheumatoid factor-immunoglobulin (Ig)
M were determined using IMMAGE® Immunochemistry 
Systems and Calibrator 5 Plus (Beckman Coulter Ireland 
Inc., Mervue Business Park, Mervue, Galway, Ireland). 
Levels < 20  IU/mL were considered negative. The anti-
cyclic citrullinated peptide (anti-CCP) antibody IgG lev-
els were determined using the EliA™ technique (POhadia 
250; Thermo Fisher Scientific, Uppsala, Sweden). Levels 
were considered negative if they were < 7 U/mL, equivo-
cal if 7–10 U/mL, and positive if > 10 U/mL.

Statistical analysis
This study used the independent two-sample t-test to 
compare continuous variables, which were expressed as 
mean ± standard deviation. Categorical variables were 
expressed as numbers and percentages and compared 
using either the χ2 test or Fisher’s exact test. To account 
for baseline differences between asthmatic and non-
asthmatic patients, propensity score matching (1:1) was 
performed using age, sex, height, and BMI as covariates. 

Fig. 1 A Flowchart of patient enrollment in the study. B Various imaging patterns on HRCT scans in our cohort. HRCT: High‑resolution computed 
tomography; ILD: interstitial lung disease; PPFE: Pleuroparenchymal fibroelastosis; SAD: small airway disease
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Multiple logistic regression was performed to iden-
tify factors associated with the composite outcome. In 
addition, the area under the curve (AUC) and its 95% 
confidence interval (CI) were calculated using the non-
parametric method. Cutoff values were determined using 
Youden’s index. Statistical significance was established 
at p-values < 0.05, and 95% CIs were calculated. Statisti-
cal analyses were performed using MedCalc for Windows 
version 18.10 (MedCalc Software, Ostend, Belgium).

Results
Clinical characteristics of RA patients
We stratified the patients into two groups based on the 
presence or absence of abnormal findings on their HRCT 
scans. As shown in Table  1, elderly patients with high 
levels of serum anti-CCP and CRP were more likely to 
have abnormal HRCT images. Patients with pulmonary 
involvement had significantly lower FVC%, FEV1/FVC%, 
and MMEF25-75% values, compared to those without 
lung involvement shown on HRCT. In addition, patients 
with abnormal HRCT scans had higher AX, Fres, R5, and 
R5-R20 and lower X5 values compared to patients with 
normal HRCT scans.

HRCT findings
The ILD group had characteristic CT findings, such as 
ground glass opacity, reticulation, honeycombing, and 
traction bronchiectasis, typically associated with ILD. 
In contrast, the SAD group exhibited characteristic CT 
findings of the disease, including mosaic attenuation, 
air trapping, centrilobular micronodules, bronchiec-
tasis/bronchiolectasis, and bronchiolar abnormality. 
In our study, SAD was used to characterize CT scans 
of eight patients, while ILD was used to characterize 
CT scans of 18 patients. Nine patients presented with 
both SAD and ILD, and the remaining 13 patients had 
normal CT scans. Pleuroparenchymal fibroelastosis 
(PPFE) is a rare form of ILD characterized by dense 
fibrosis involving the visceral pleura and the underly-
ing subpleural parenchyma, with a particular tendency 
to affect the upper lobes of the lungs [22]. The presence 
of PPFE can coincide with connective tissue disease 
(CTD)-associated ILD, such as RA. A study suggested 
that the occurrence of PPFE in RA-ILD was 6.5% [23]. 
In this study, the prevalence of PPFE on HRCT was 
approximately 8.3% (4/48) (Fig. 1B).

Table 1 Baseline clinical characteristics and differences in spirometry and IOS parameters between patients with rheumatoid arthritis 
with normal and those with abnormal findings in HRCT 

CCP Cyclic citrullinated peptide antibody, C-reactive protein, DLCO Diffusing capacity of the lung for carbon monoxide, ESR Erythrocyte sedimentation rate, FVC Forced 
vital capacity, FEV1 Forced expiratory volume in one second, HRCT  High-resolution computed tomography, IOS Impulse oscillometry, MMEF Maximal mid expiratory 
flow curve, RF Rheumatoid factor, RV Residual volume

Abnormal on HRCT (n = 35) Normal on HRCT (n = 13) p‑value

Age, years 69.0 (65.0–70.0) 55.0 (44.2–60.9)  < 0.001

Sex, female (%) 28 (80.0) 10 (76.9) 0.818

RF 234.4 (101.5–367.2) 129.5 (38.7–220.4) 0.183

RF( +) (%) 19 (54.3) 8 (61.5) 0.656

Anti‑CCP 381.2 (198.6–563.7) 114.5 (6.67–222.3) 0.013

Anti‑CCP( +) (%) 24 (68.6) 9 (69.2) 0.965

CRP 0.56 (0.23–0.89) 0.18 (0.10–0.25) 0.029

ESR 18.8 (13.1–24.5) 17.5 (7.68–27.4) 0.814

Spirometry

 FVC (%) 91.9 (87.3–95.7) 102.4 (95.6–110.8) 0.038

 FEV1/FVC (%) 79 (75.2–81.0) 82 (79.1–86.0) 0.024

 MMEF25/75 (%) 57.6 (48.9–66.1) 77.9 (71.9–102.5) 0.001

 RV (%) 102 (91.6–109.4) 106.0 (89.6–118.6) 0.492

IOS

 R5 (%) 150 (128.7–176.3) 110 (93.6–128.0) 0.004

 R20 (%) 132 (118.3–146.7) 116 (106.0–133.8) 0.107

 X5 < ‑0.12 ‑0.18 (‑0.22–‑0.15) ‑0.13 (‑0.15–‑0.11) 0.011

 R5‑R20 > 0.07 0.13 (0.06–0.18) 0.05 (0.01–0.08) 0.008

 Fres > 14.14 16.0 (14.9–21.8) 12.1 (10.1–14.2) 0.006

 AX > 0.44 1.00 (0.56–1.89) 0.40 (0.23–0.60) 0.001

DLCO (%) 66.7 (56.3–76.7) 71.3 (61.1–89.8) 0.167
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Results of PFTs and IOS
Of the 72 RA patients presenting with respiratory symp-
toms, 60 (83.3%) individuals’ IOS parameters were abnor-
mal, whereas only 35 (48.6%) individuals’ PFT parameters 
were abnormal (Table 2). Among 35 RA patients who had 
abnormal HRCT images, 34 (97.1%) also had abnormal 

IOS parameters, while only 23 (65.7%) had abnormal PFT 
parameters (Table  3). We also established relationships 
between these pulmonary function measurements (IOS 
and spirometry) and chest CT images (Table supplement 
1) and identified the independent parameter of the pul-
monary function test for RA patients with lung involve-
ment (Fig. 1A).

Multiple logistic regression and receiver operating 
characteristic analyses
We performed univariate and multivariate logistic 
regression analyses, one model including spirometry 
parameters and another including IOS parameters. The 
model with spirometry parameters showed a significant 
association between MMEF < 65% and having an abnor-
mal HRCT image (p = 0.012) in univariate analysis. The 
model with IOS parameters showed a significant associa-
tion between R5 > 150% (p = 0.013), AX > 0.44 (p = 0.006), 
and Fres > 14.14 (p = 0.003) and having an abnormal 
HRCT image in univariate analysis. Final models after 
multivariate analysis showed that Fres > 14.14 was the 
only selected parameter significantly associated with hav-
ing an abnormal HRCT image (p = 0.039) (Table 4).

Receiver operating characteristic (ROC) curves were 
generated using predictive scoring equations derived 
from the results of the univariate logistic regression anal-
yses. The AUCs for R5-R20 > 0.7, AX > 0.44, Fres > 14.14, 
and MMEF < 65% were 0.611, 0.719, 0.767, and 0.732, 
respectively. The AUC value did not differ significantly 
between the selected spirometry and IOS param-
eters. However, a significant difference was observed in 

Table 2 Comparison between patients with rheumatoid arthritis 
with normal and those with abnormal spirometry and IOS 
parameters; all patients had respiratory symptoms. (n = 72)

IOS Impulse oscillometry

IOS p‑value

Spirometry Normal Abnormal 0.002

Normal 11 26 37 (51.4)

Abnormal 1 34 35 (48.6)

12 (16.7) 60 (83.3) 72

Table 3 Comparison between patients with rheumatoid arthritis 
with normal and those with abnormal spirometry and IOS 
parameters; all patients had abnormal findings on chest HRCT 
(n = 35)

HRCT  High-resolution computed tomography, IOS Impulse oscillometry

IOS p‑value

Spirometry Normal Abnormal 0.470

Normal 0 12 12 (34.3)

Abnormal 1 22 23 (65.7)

1 (2.9) 34 (97.1) 35

Table 4 Univariate and multivariate analyses of spirometry and IOS parameters associated with patients with rheumatoid arthritis 
with abnormal findings in HRCT 

CCP Cyclic citrullinated peptide antibody, C-reactive protein, DLCO Diffusing capacity of the lung for carbon monoxide, FVC Forced vital capacity, FEV1 Forced 
expiratory volume in one second, HRCT  High-resolution computed tomography, IOS Impulse oscillometry, MMEF Maximal mid expiratory flow curve

Univariate Multivariate model 1 Multivariate model 2

HR 95% CI p‑value HR 95% CI p‑value HR 95% CI p‑value

Age > 65 years 20.31 2.36–174.7 0.006 44.04 2.65–732.1 0.008 13.41 1.47–121.8 0.021

Anti‑CCP 1.002 0.99–1.01 0.124

CRP 6.172 0.32–118.5 0.227

R5 > 150% 1.031 1.01–1.06 0.013

R20 > 150% 1.023 0.99–1.05 0.083

R5‑R20 > 0.07 2.671 0.69–10.33 0.154 0.126 0.008–1.87 0.132

AX > 0.44 7.466 1.79–30.99 0.006 3.348 0.267–41.98 0.349

Fres > 14.14 9.629 2.33–43.01 0.003 18.01 1.15–282.7 0.039

X5 < ‑0.12 1.450 0.30–6.91 0.641

FVC < 80% 539E + 006 ‑ 0.997

FEV1/FVC < 70% 2.001 0.211–18.95 0.545

MMEF < 65% 8.250 1.58–43.02 0.012 4.421 0.736–26.53 0.104

DLCO < 76% 1.385 0.381–5.034 0.621
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the AUC value between Fres > 14.14 and R5-R20 > 0.7 
(p = 0.011) (Fig. 2).

Changes in Fres values in longitudinal follow‑up
Thirteen patients underwent a second follow-up 
HRCT scan and IOS. Two patients showed a significant 
improvement in their HRCT findings, with a concomi-
tant decrease in their Fres values. In contrast, the remain-
ing 11 patients did not show any significant change in 
their HRCT findings, and their Fres values before and 
after the follow-up period also did not differ significantly 
(14.51 vs 14.63; p = 0.637) (Fig. 3).

Discussion
To the best of our knowledge, this study is the first to 
use IOS parameters to evaluate pulmonary involve-
ment in RA patients, with further assessment based on 
HRCT findings. The main result of this study is that IOS 
is more sensitive than spirometry in detecting pulmonary 
involvement in patients with RA. Most IOS parameters 
showed a significant correlation with spirometry param-
eters in RA patients with abnormal HRCT findings. The 
AUC of Fres was higher at the cutoff value of > 14.14, with 
higher sensitivity and specificity than other PFT param-
eters for predicting RA with pulmonary involvement. 

Therefore, Fres was not only significantly associated 
with pulmonary involvement in these patients, but also a 
potentially important indicator that can be used as a pre-
dictor before and after treatment.

In previous studies, ILD prevalence was 10% to 42% 
and SAD prevalence was 8% to 65% in RA patients; prev-
alence varied based on the detection method and patient 
selection criteria in each publication [24, 25]. Paulin et al. 
found that a significant percentage (72.2%, 60/83) of 
early RA patients had abnormal results on HRCT scans. 
In addition, patients with lung involvement had notably 
lower FVC% and DLCO% values, as well as higher RV/
TLC values [26]. Pulmonary function test parameters, 
such as %DLCO, FEV1/FVC, and %FEF25-75, have been 
used for assessing functional impairment in pulmonary 
manifestations linked to RA [9, 25]. Our study also found 
a similar prevalence (72.9%, 35/48) of pulmonary involve-
ment shown on HRCT images. In our study, patients with 
lung involvement had significantly lower FVC%, FEV1/
FVC, and MMEF25-75% values. In addition, our evalu-
ation using IOS showed that patients with pulmonary 
involvement had significantly higher R5, R5-R20, AX, 
and Fres, as well as lower X5. We also demonstrated a 
significant correlation between IOS parameters and both 
pulmonary functions and CT findings in patients affected 

Fig. 2 ROC curve analysis of spirometry and IOS parameters for predicting patients with abnormal findings in HRCT images. ROC: receiver 
operating characteristic curve; HRCT: high‑resolution computed tomography; IOS: impulse oscillometry R5‑R20 > 0.07 vs. AX > 0.44, p = 0.066; 
R5‑R20 > 0.07 vs. Fres > 14.14, p = 0.011; AX > 0.44 vs. Fres > 14.14, p = 0.427; MMEF < 65% vs. AX > 0.44, p = 0.901; MMEF < 65% vs. Fres > 14.14, p = 0.675; 
MMEF < 65% vs. R5‑R20 > 0.07, p = 0.207; R5‑R20 > 0.07, Sen: 54.2% and Spe: 69.2%, p = 0.137; Fres > 14.14, Sen: 74.3% and Spe: 76.9%, p < 0.001; 
AX > 0.44, Sen: 82.3% and Spe: 61.5%, p = 0.005; MMEF < 65%, Sen: 60.0% and Spe: 84.6%, p = 0.009
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by pulmonary diseases associated with RA. IOS seems 
to be able to detect more RA patients with lung involve-
ment compared to spirometry.

Sokai et  al. also showed that impedance measured by 
the FOT reflects abnormalities in pulmonary functions 
and structures in patients with RA and indicated that 
patients who presented with architectural distortion 
had a significantly higher ΔX4 value compared to those 
who did not exhibit such a condition [17]. In contrast, 
our results show that a Fres value higher than 14.14 is 
an independent predictor of pulmonary diseases in RA 
patients, similar to the finding that Fres is higher in indi-
viduals with asthma compared to those who are healthy 
[13, 27]. Singh et al. reported that one-third of individu-
als with RA had SAD, even when disease duration was 
short, disease activity was low to moderate, and there 
were no respiratory symptoms [28]. As a result, IOS is 
capable of identifying airway changes that do not have an 
impact on airflow, making it a valuable tool for assessing 
pulmonary involvement in RA patients, particularly in 
those with normal spirometry results.

IOS can comprehensively analyze diseases of the res-
piratory system, as well as use Rrs to analyze obstruc-
tive lung diseases and Xrs to analyze ILD. Assessment 
of ILD pathophysiology is believed to be more impor-
tant than evaluation of Xrs. The value of AX, which 
represents the area under the curve of reactance from 
5  Hz to Fres, can be used to evaluate the lung’s elas-
tic properties [10]. The AUC for predicting pulmonary 
disease in RA patients using AX > 0.44 and Fres > 14.14 
were 0.719 and 0.767, respectively. Fujii et  al. found 
that in ILD, the Fres of the inspiratory phase was cor-
related with FVC, FEV1, DLCO, and fibrosis score [14]. 
Sugiyama et  al. reported that the presence of ILD was 

linked to ΔX5, and that there was a negative correlation 
between ΔX5 and VC and DLco [15]. A study of the 
efficacy of the FOT for evaluating idiopathic pulmo-
nary fibrosis (IPF) disease status showed that X5 during 
the inspiratory phase predicted the progression of lung 
capacity deterioration [16]. In addition to predicting 
ILD in RA patients, the present study also shows that 
Fres may be used to monitor disease status because of 
its correlation with changes on chest HRCT.

Our study has several strengths: we enrolled RA 
patients with respiratory symptoms and we performed 
both HRCT and lung functional tests (spirometry and 
IOS), as well as laboratory investigations. Our findings 
suggest that early lung screening using IOS can identify 
early-stage abnormalities in a significant proportion of 
patients, thus offering the possibility of early interven-
tion when necessary.

Despite this pilot study’s novel findings, it has some 
limitations. First, it was a cross-sectional observational 
study with a small sample size. Second, not all patients 
underwent HRCT in the follow-up period. Therefore, 
we need more patients to confirm whether the Fres 
could be used as an important parameter for tracking. 
Third, since IOS is not as widely used as spirometry, 
there is currently no consensus on reference values. 
The values of IOS have been found to be influenced by 
factors such as age, gender, height, body weight, BMI, 
and ethnicity, the cutoff values for IOS parameters 
suggested in this study were based on many reference 
values associated with adult IOS [29–31]. However, 
despite these limitations, the results are still clinically 
significant as they demonstrate the usefulness of IOS in 
diagnosing and monitoring pulmonary involvement in 
patients with RA.

Fig. 3 The values of Fres before and after treatment based on whether or not improvement is shown on HRCT. A Improvement. B No improvement
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Conclusion
In summary, our study shows that a significant percent-
age of diagnosed RA patients have abnormal HRCT 
findings, with clinical respiratory symptoms. The com-
bined use of spirometry and IOS may have superior 
clinical utility for diagnosing lung involvement in RA 
patients. IOS appears to be a more convenient proce-
dure for patients and has higher sensitivity compared 
to spirometry. Among the IOS parameters, Fres has a 
significant association with pulmonary involvement in 
individuals with RA.
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