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Abstract
Objective: There has been growing interest in studying small airway disease through measures of ventilation distribution, thanks to the resurgence of the nitrogen single-breath washout (N2SBW) test. Therefore, this study evaluated
the contribution of the N2SBW test to the detection of pulmonary involvement in patients with rheumatoid arthritis
(RA).
Results: Twenty-one patients with RA underwent clinical evaluation, pulmonary function tests (PFTs), including the
N2SBW test, and computed tomography (CT). The main tomographic findings were air trapping and bronchiectasis
(57.1% and 23.8% of cases, respectively). According to the phase III slope of the N
 2SBW (phase III slope), 11 and 10
patients had values < 120% predicted and > 120% predicted, respectively. Five patients with limited involvement on
CT had a phase III slope > 120%. The residual volume/total lung capacity ratio was significantly different between
patients with phase III slopes < 120% and > 120% (P = 0.024). Additionally, rheumatoid factor positivity was higher in
patients with a phase III slope > 120% (P = 0.021). In patients with RA and airway disease on CT, the N2SBW test detects
inhomogeneity in the ventilation distribution in approximately half of the cases, even in those with normal conventional PFT results.
Keywords: Rheumatoid arthritis, Pulmonary function test, Small airway disease, Computed tomography
Introduction
In rheumatoid arthritis (RA), extra-articular disease
occurs in approximately 50% of patients, and the lung is
a common site of involvement [1]. Computed tomography (CT) and pulmonary function tests (PFTs), including
spirometry and diffusing capacity for carbon monoxide
(DLco), are the pillars of clinical assessment of patients
with pulmonary involvement in RA. Spirometry is an
effort-dependent test that only provides a single global
measure and, thus, is not sensitive enough to detect
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regional disease; it is also poor for assessing early onset
of lung disease. The same occurs with the ability of CT to
detect small airway disease (SAD) and evaluate individuals with early pulmonary fibrosis [2].
In recent years, there has been growing interest in the
study of SAD through measures of ventilation distribution inhomogeneity. This interest is due to the resumption of the nitrogen single-breath washout ( N2SBW) test,
a direct result of the technological advancement of the
tools used to measure it [3]. Because many patients with
RA may have normal conventional PFTs in the presence
of radiological changes, the need to study the N
 2SBW
test in this population arises. Thus, we evaluated the
contribution of the N2SBW test to detecting pulmonary
involvement in patients with RA and the association of
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this test with clinical findings, conventional PFTs and CT
abnormalities.

Main text
Methods

This cross-sectional study evaluated 21 consecutive
patients aged > 18 years regularly seen at the Department
of Rheumatology of the Piquet Carneiro Polyclinic, State
University of Rio de Janeiro, Rio de Janeiro, Brazil, and
who met the diagnostic criteria of RA [4]. Smokers or
former smokers who smoked > 10 pack-years, patients
with asthma or chronic obstructive pulmonary disease
(COPD), and those with respiratory infection within the
last 3 weeks were excluded. The protocol was approved
by the local ethics committee, and all patients signed an
informed consent form.
All participants were evaluated by the Clinical Disease
Activity Index (CDAI), which is calculated from the following four variables: the number of tender joints, the
number of swollen joints, patient global assessment of disease activity using a visual analogue scale, and physician
global assessment of disease activity [5]. The CDAI can
vary between 0 and 76, and a higher value indicates higher
disease activity. Serum samples were obtained to measure
rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) antibodies. The cut-off values for RF positivity (latex agglutination; Bioclin Wama) and anti-CCP
(immunofluorometric assay; Thermo Fisher ImmunoCAP
Assays) were ≥ 8 IU/mL and > 10 EliA U/mL, respectively.
Spirometry, body plethysmography, and DLco measurements were performed on an HDpft 3000 instrument
(nSpire Health, Inc., Longmont, CO, USA), using reference values for the evaluated parameters [6–8]. In addition, we also performed the N2SBW test on the same
instrument. Briefly, the individuals exhaled until reaching
the residual volume (RV) and then inhaled 100% O
 2 until
the total lung capacity (TLC) was reached. They then
exhaled slowly to the RV at a flow rate of approximately
0.3 to 0.5 L/s. The exhaled N
 2 concentration was reported
through a device located at the airway opening [3]. In
interpreting the N2SBW test, we used the phase III slope,
which is the change in the N
 2 concentration between 25
and 75% of the expired volume; this variable was analysed
relative to the predicted value [9].
CT exams were performed on a 64-channel helical CT
scanner (Brilliance 40, Philips Medical Systems, Cleveland,
OH, USA). The voltage was 120 kV. Each image acquisition consisted of a block with 146–247 2-mm-thick crosssections and a 2-mm distance between the cross-sections
obtained during inspiratory and expiratory apnoea. The
images were represented by a square matrix (512 rows and
512 columns). The gantry did not incline, and iodinated
contrast medium was not used. CT images were analysed
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by two independent readers with 5 and 21 years of experience in pulmonary imaging who were blinded to the clinical data and PFT results. Disagreements were resolved by
consensus after joint reassessment of the CT scans. The
chest CT result was classified as limited (< 20%) or extensive (> 20%) according to the extent of pulmonary parenchymal involvement [10]. Air trapping (AT) was defined
on end-expiration CT scans as parenchymal areas with a
less-than-normal increase in attenuation and a lack of volume reduction [11]. AT was subdivided into mild (< 25%),
moderate (25–50%), and severe (> 50%) based on a subjective evaluation of the total lung volume of air trapped in
the lung [12]. Bronchiectasis criteria included bronchial
dilation with respect to the accompanying pulmonary
artery, lack of tapering of the bronchi, and identification
of bronchi within 1 cm of the pleural surface [11, 13].
Bronchial wall thickening was assessed subjectively (peribronchial cuffing), and uncertain cases were assessed by
measuring the ratio between the short-axis internal bronchial diameter and the short-axis diameter of the accompanying pulmonary artery [14, 15].
Data analysis was performed using SAS 6.11 (SAS
Institute, Inc., Cary, NC, USA). The phase III slope was
dichotomized into < 120% or > 120% of predicted, which
was considered the cut-off point for the upper limit to
define abnormality [16]. Comparison of the variables
between the two groups of patients subdivided according
to the phase III slope was evaluated by the Mann–Whitney test for numeric variables and the Fisher exact test for
categorical variables. The phase III slope was compared
between the three groups of patients subdivided according to the degree of AT using Kruskal–Wallis ANOVA.
The results are expressed as the median and interquartile
ranges or as frequencies (percentages); a statistical significance level of P < 0.05 was adopted.
Results

In the evaluated sample, which consisted of 21 women,
only 2 patients (9.52%) had a history of smoking. Eleven
patients had respiratory symptoms. The most commonly
used medications were methotrexate (n = 15), leflunomide (n = 7), and prednisone (n = 2).
Regarding the CT exams, 7 (33.3%) individuals had
extensive involvement on CT, and 3 (14.3%) had normal CT scans. The tomographic findings were distributed as follows: 12 (57.1%) patients with AT; 5 (23.8%)
with bronchiectasis; 3 (14.3%) with localized subpleural
reticulation; 3 (14.3%) with bubbles; 3 (14.3%) with atelectasis; 2 (9.52%) with emphysema; and 1 (4.76%) with
non-extensive usual interstitial pneumonia. Among 21
CT exams, 9 (42.9%) showed no AT, 8 (38.1%) showed
mild AT, and 4 (19%) showed moderate AT.
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Regarding conventional PFTs, the forced vital capacity (FVC) and DLco were > 80% predicted in two and
four cases, respectively; no patient showed a forced
expiratory volume in 1 s (FEV1)/FVC < 70%. Regarding the N2SBW test, the median phase III slope was
106 (82–268)% predicted, with 11 and 10 patients presenting values < 120% and > 120% predicted, respectively. The median percentages of the predicted value of
these two groups were 84 (64–93) and 268 (198–465)
(P = 0.0001), respectively. Five (35.7%) patients with
limited involvement on CT had a phase III slope > 120%
(2 of whom had completely normal CT scans), while 5
(71.4%) patients with extensive involvement on CT had
a phase III slope > 120%. We observed no significant
difference in the phase III slope between the subgroups
of patients with no AT, mild AT, and moderate AT
[188 (93–279) vs. 86 (68–141) vs. 147 (61–344)% predicted, respectively; P = 0.25]. The comparisons of the
clinical findings, serology, pulmonary function and disease extent on CT according to the phase III slope are
shown in Table 1 and Figs. 1, 2.

Discussion

In the present study, we were careful to eliminate the
impact of smoking on pulmonary function deterioration
and SAD development; therefore, we evaluated only individuals with a smoking status < 10 pack-years without a
history of asthma or COPD. The evaluated sample consisted predominantly of patients with bronchial disease
or no pulmonary involvement, as observed by CT. This
may be partially explained by the fact that smoking is
currently linked to interstitial lung disease development
in RA [17]. The main findings of the present study were
that in patients with RA, the N2SBW test may be altered
even in individuals with limited pulmonary parenchymal
involvement, including subjects with normal CT. In these
patients, a relationship was found between the phase III
slope and the RV/TLC; the latter is an index used as a
screening tool for SAD. In addition, the phase III slope
was higher in RF-positive patients.
Several studies on SAD in patients with RA have
produced controversial results [18–21], which can be
explained mainly by differences in the diagnostic tools

Table 1 Clinical data, serology, lung function and computed tomography of the study population and of the groups
according to phase III slope
Variable

Total sample (n = 21)

Phase III slope < 120%
(n = 11)

Phase III slope > 120%
(n = 10)

P-value
between groups

Clinical data
Age (years)

54 (42–67.5)

BMI (kg/m2)

27.6 (23.9–29.5)

Time from onset of symptoms to diagnosis (months)
Time since diagnosis (months)
CDAI (score)

12 (6–24)
204 (114–252)
13 (9.50–18.5)

48 (34–56)
25 (23.1–29.4)

66.5 (51.5–71.3)

0.020

28 (26.3–29.8)

0.16

9 (6–18)

18 (26.3–27)

0.80

168 (108–240)

216 (26.3–276)

0.31

17 (26.3–19.8)

0.80

13 (10–19)

Serology*
RF positivity (n, %)
RF (IU/mL)
Anti-CPP positivity (n, %)
Anti-CCP (IU/mL)

14 (73.7)

5 (50)

128 (5–256)

23.9 (5–320)

17 (89.5)
126 (42–340)

8 (80%)

9 (100)
256 (112–256)

0.021
0.10

9 (100%)

0.75

175 (51.5–340)

0.90

102 (93–105)

101 (85.3–107)

0.94

92.5 (86–102)

0.17

104.5 (31.8–347.4)

Lung function
FVC (% predicted)

102 (91–105)

FEV1 (% predicted)

95 (90.5–107.5)

104 (91–109)

FEV1/FVC (%)

86 (77.5–88.5)

86 (85–88)

80 (74.8–89.5)

0.36

TLC (% predicted)

92 (85.5–97)

89 (83–96)

96.5 (89.8–101.5)

0.13
0.097

RV (% predicted)

78 (52–105)

68 (54–86)

99.5 (50–114)

RV/TLC (%)

91 (66.5–105)

76 (63–94)

104 (85.5–113)

0.024

DLco (% predicted)

89 (82–100.5)

89 (85–96)

89.5 (72.5–106)

0.86

CT
CT with involvement > 20% (n, %)

7 (33)

2 (18.2)

5 (50)

0.14

Significant P values are given in italic (P < 0.05)
Phase III phase III slope of the nitrogen single-breath washout, BMI body mass index, CDAI Clinical Disease Activity Index, RF rheumatoid factor, anti-CCP anti-cyclic
citrullinated peptide antibodies, FVC forced vital capacity, FEV1 forced expiratory volume in 1 s, TLC total lung capacity, RV residual volume, DLco diffusing capacity for
carbon monoxide, CT computed tomography
Results expressed as the median (interquartile range) or number (%). *n = 19
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Fig. 1 Box plots (median, 1st and 3rd quartiles, minimum and maximum) of the residual volume/total lung capacity (RV/TLC) ratio according
to the phase III slope of the nitrogen single-breath washout (phase III slope). A significant difference was found between patients with phase III
slope < 120% and patients with phase III slope > 120% (P = 0.024)

Fig. 2 Positive and negative rheumatoid factor (RF) frequencies according to the phase III slope of the nitrogen single-breath washout (phase III
slope). A significant difference was found between groups of patients (P = 0.021)
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used. Most of these studies used forced expiratory flow
during the middle half of the FVC (FEF25–75%) to diagnose SAD. However, changes in FEF25–75% are nonspecific
and show an unacceptably large number of false-negative
and false-positive results. Moreover, the reduction in
FEF25–75% values is a result of changes in the resistance
and susceptibility of the surrounding lung parenchyma,
rather than obstruction of a specific airway segment [22].
In recent years, the resurgence of the N2SBW test with
modern equipment has enabled a more reliable assessment of ventilation distribution inhomogeneity and SAD.
Further evidence of this test’s association with small airway inflammation was identified from examinations of
bronchial biopsies and bronchoalveolar lavage specimens
[23]. In this scenario, we demonstrated high phase III
slope values in 10 of 21 non-smoking patients with RA,
some of whom had normal CT. To our knowledge, only
one other study has used the N2SBW test for SAD assessment in patients with RA [19]. Contrary to our results,
that study observed an elevation in the phase III slope in
only 16% of its sample. A possible explanation for the discrepancy between the results of the two studies may be
the evolution of the technological device, which allowed
a more reliable analysis of the phase III slope.
In the present study, patients with higher phase III
slope values showed higher RV/TLC values. This finding reinforces the use of RV/TLC as an indirect marker
to assess SAD [24]. The latter is characterized by a progressive increase in resistance as the lung empties and
regional inhomogeneity of the flow and time constants,
in addition to premature closure of the airways signalled
by the increased RV/TLC [25]. In addition, we observed
an association between phase III slope elevation and RF
positivity. Using F
 EF25–75% as a marker of SAD in RA, a
recent study showed no association of this parameter
with RF or anti-CCP (which are the biomarkers most
used in the diagnosis and prognosis of RA in clinical
practice) [20]. Interestingly, Park et al. [26] demonstrated
an association between anti-CCP positivity and small
airway abnormalities evaluated by CT. However, it is
important to note that smoking itself increases protein
citrullination, leading to higher anti-CCP production in
individuals with RA [27].
Notably, the main tomographic finding observed in
our sample was the presence of AT, which may be at least
partly explained by the predominance of patients with
airway disease. This finding is in line with those of Perez
et al. [19] and Lin et al. [28], who also observed a high AT
prevalence in RA patients. However, similar to Perez et al.
[19], we failed to demonstrate any association between
the phase III slope and the presence of AT on CT, indicating that imaging findings and functional results do
not always reflect the same pathological abnormalities
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that occur in RA. Recent advances in imaging research,
especially xenon contrast-enhanced CT and hyperpolarized gas magnetic resonance imaging, may provide new
insights into the dynamic nature of ventilation heterogeneity and SAD and thus improve correlations between
imaging findings and pulmonary function [29].
In conclusion, our preliminary findings suggest that
in a sample of patients with RA and a predominance of
airway disease on CT, the N
 2SBW test is able to detect
inhomogeneity in ventilation distribution in approximately half of the cases. In addition, there is a relationship between this abnormality and increased RV/TLC
and RF positivity.

Limitations
The present study involved a small number of subjects
and only women; therefore, a prospective study with a
greater number of RA subjects who can be compared
with a control group is necessary to generalize our
results. Moreover, we did not calculate the inter-rater
agreement for the visual evaluations of the CT scans.
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