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Abstract 
Objective. To study the difference of interstitial lung diseases (ILDs) in 
high-resolution computerized tomography and pulmonary function test 
among different connective tissue diseases (CTDs). Methods. 209 patients 
with different CTDs were recruited and underwent lung HRCT and PFT. 
Eerythrocyte sedimentation rate (ESR), C-reactive protein (CRP), serum fer-
ritin (SF), anti-SSA, and so on were tested. Based on HRCT, a patient was 
classified into ILD group (CTD+ILD) or non-ILD group (CTD-ILD). HRCT, 
PFT, and laboratory markers were compared according to CTDs and 
CTD-associated ILDs. Results. The incidences of ILD were 79.6%, 82.0%, 
89.7%, and 97.1% respectively for Rheumatoid arthritis (RA), primary 
Sjogren’s symptom (pSS), dermatomyositis/polymyositis (DM/PM), and sys-
temic sclerosis (SSc) groups. RA and pSS patients exhibited more nodules, 
patching, ground-glass opacity, and cord shadow foci in HRCT, DM/PM and 
SSc patients exhibited more reticular opacity and honeycombing foci. RA and 
pSS patients exhibited more obstructive ventilatory disorder, small airway 
dysfunction and emphysema in PFT, and DM/PM and SSc patients exhibited 
more restrictive ventilatory disorder, mixed ventilatory disorder. ESR, CRP 
and SF were significantly higher in total CTD+ILD group than in total 
CTD-ILD group (P = 0.047, 0.006, 0.004, respectively), and higher in different 
CTD+ ILD groups than in comparable CTD-ILD groups (P = 0.049, 0.048, 
and 0.023, pSS+ILD, SSc+ILD and RA+ILD compared to pSS-ILD, SSc-ILD 

How to cite this paper: Jiang, Z., Pan, 
W.Y., Tao, J.H. and Li, X.P. (2018) The 
Differences of Interstitial Lung Diseases in 
High-Resolution Computerized Tomogra-
phy and Pulmonary Function Test among 
Different Connective Tissue Diseases, and 
the Correlated Factors. Open Journal of 
Rheumatology and Autoimmune Diseases, 
8, 53-65. 
https://doi.org/10.4236/ojra.2018.82005 
 
Received: March 24, 2018 
Accepted: May 18, 2018 
Published: May 21, 2018 
 
Copyright © 2018 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/ojra
https://doi.org/10.4236/ojra.2018.82005
http://www.scirp.org
https://doi.org/10.4236/ojra.2018.82005
http://creativecommons.org/licenses/by/4.0/


Z. Jiang et al. 
 

 

DOI: 10.4236/ojra.2018.82005 54 Open Journal of Rheumatology and Autoimmune Diseases 
 

and RA-ILD, respectively for ESR, CRP, SF). The positive rate of anti-SSA was 
significantly higher in DM/PM+ILD group than in DM/PM-ILD group (P = 
0.025). Conclusions. The manifestations and incidences of ILDs differ among 
different CTDs in HRCT and PFT, and inflammation and anti-SSA are posi-
tively correlated with ILDs in different CTDs, which provide important evi-
dences for judging disease condition and prognosis. 
 
Keywords 
Connective Tissue Diseases, Interstitial lung Disease, High-Resolution  
Computerized Tomography, Pulmonary Function Test, Inflammation 

 

1. Introduction 

Lung is one of main involved organs in diffuse connective tissue diseases 
(CTDs). As the use of high-resolution computerized tomography (HRCT) and 
pulmonary function tests (PFT) has become more frequent in clinics, CTDs, 
such as rheumatoid arthritis (RA), primary Sjogren’s symptom (pSS), dermato-
myositis/polymyositis (DM/PM), and systemic sclerosis (SSc) have increasingly 
been found with interstitial lung disease (ILD) [1]. However, little is known 
about how the manifestations of lung HRCT and PFT vary among different ILDs 
associated with those CTDs (CTD+ILD) and what factors are related to those 
ILDs. 

Inflammation is involved in the pathogenesis of many autoimmune diseases. 
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and serum fer-
ritin (SF) levels are higher in patients with CTD+ILD than patients with CTD 
but without ILD (CTD-ILD) [2] [3] [4]. These changes have been associated 
with the prognosis of patients with CTD+LD [2] [3] [4]. Several auto-antibodies 
are also reported associated with inflammatory myopathy-associated ILD [5] [6]. 
In current study, we compared the incidences and the differences of ILDs in 
HRCT and PFT among patients with different CTDs, and analyzed the correla-
tions between ILDs and changes in inflammatory markers and auto-antibody 
levels. 

2. Materials and Methods 

2.1. Patients 

The consecutive inpatients and outpatients (adults) with RA, pSS, DM/PM, and 
SSc were recruited from Department of Rheumatology and Immunology, Anhui 
Provincial Hospital, Hefei, China from January to September of 2013. The diag-
nosis of those diseases was based on the 2009 European League Against Rheu-
matism (EULAR) criteria for RA, the 2002 international classification criteria for 
pSS, the Bohan and peter criteria for DM/PM, and the 1980 American College of 
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Rheumatology (ACR) criteria for SSc, The inclusion criteria were described in 
our published article [7]. Patients with pulmonary infection, tumours, or tuber-
culosis were excluded. The diagnosis of ILD was basis on the definition on 
HRCT from the Nomenclature Commitee of the Fleischner Society [8]. The pa-
per was examined and approved to publish by the ethics committee of Anhui 
Provincial Hospital (Supplement-Ethics document). 

2.2. Experimental Data and Treatment 

Age, disease duration, inflammatory markers (ESR, CRP, and SF) and 
auto-antibodies (antinuclear antibody (ANA, indirect immunofluorescence), 
anti-SSA (immunoblotting), anti-endothelial cell antibody (AECA, ELISA)), and 
the previous three-month treatment protocols were collected. Based on the used 
drugs, the treatment schemes were classified into six levels (1, 2, 3, 4, 5, and 6, 
indicating symptomatic treatment, only glucocorticoids used, one kind of dis-
ease modified anti-rheumatic drug (DMARD) used, glucocorticoid and one 
DMARD used, two DMARDs used, glucocorticoid and two or more DMARDs 
used, respectively). Because of lower positive rate and the relatively smaller sam-
ple, anti-JO-1 and anti-SCL-70 were not included in our study. 

All patients were evaluated by chest HRCT and PFT. The devices were de-
scribed in our article [7]. An independent radiologist read the films, and an ex-
pert in PFT made the diagnosis of pulmonary function. 

2.3. Group of Patients and Analyze 

Based on HRCT, a patient was classified into ILD group (CTD+ILD) or non-ILD 
group (CTD-ILD). Every kind of CTD patients and all patients were classified 
into CTD+ILD groups and comparable CTD-ILD groups respectively. We com-
pared the incidences of ILDs and the frequencies of HRCT and PFT manifesta-
tions among four CTDs. The levels or positive rates of inflammatory markers 
and auto-antibodies were compared among different CTDs, and between differ-
ent CTD+ILD groups and comparable CTD-ILD groups. We also analyzed the 
distributions of confounders (age, disease duration, and treatment protocol) 
among different CTD groups, and between CTD+ILD groups and comparable 
CTD-ILD groups. 

2.4. Statistical Analysis 

Quantitative data were expressed as means ± SD (standard deviation) or medi-
ans and interquartile ranges (IQR), and compared by one-way ANOVA or an 
independent-sample T test, or Kruskal-Wallis test. Qualitative data were com-
pared by χ2 test. Multiple comparisons were estimated by S-N-K (Student New-
man Keuls) or Mann-Whitney U test. The software SPSS 10.01 was used. Dif-
ferences with P values < 0.05 were considered significantly. When multiple 
comparisons were used, the overall experiment-wise error rate was set at α = 
0.05. 
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3. Results 
3.1. Age and Disease Duration 

209 patients (30 men and 179 women) were included into current study, which 
included 52 RA (4 men and 48 women), 57 pSS (1 man and 56 women), 59 
DM/PM (23 men and 36 women), and 41 SSc patients (2 men and 39 women). 
The mean age of the patients in the total, RA, pSS, DM/PM, and SSc groups were 
46.8 ± 14.6, 51.8 ± 13.6, 48.3 ± 13.4, 43.6 ± 15.5, and 43.1 ± 14.6 years, respec-
tively, and that in RA group was significantly higher than those in DM/PM and 
SSc groups (P = 0.002, 0.003, respectively). The mean ages in pSS+ILD, 
DM/PM+ILD and total CTD+ILD groups were significantly higher than those in 
comparable CTD-ILD groups (P = 0.003, 0.039, 0.002, respectively). The median 
disease duration in total, RA, pSS, DM/PM, and SSc groups was 48 (12 - 96), 84 
(12.0 - 162.0), 54 (24.0 - 114.0), 12 (4.8 - 51.0), and 48 (24.0 - 87.0) months, re-
spectively. The median disease duration was significantly less in DM/PM group 
than in pSS, RA, and SSc groups, and was longest in RA group, however, it did 
not significantly differ between various CTD-ILD groups and comparable 
CTD+ILD groups (Table S1 and Table S2). 

3.2. Treatment Protocols 

The accumulated points of the treatment protocols did not significantly differ 
among four CTD groups, and among total CTD+ILD group and comparable to-
tal CTD-ILD group (P > 0.05, data not shown). The DMARDs are shown in Ta-
ble S3. 

3.3. High-Resolution Computerized Tomography (HRCT) 

196 patients underwent chest HRCTs, which included 49 RA (92.5%), 55 pSS 
(91.7%), 58 DM/PM (98.3%), and 34 SSc (73.2%) patients. Based on HRCT, 
there were 163 patients (83.2%, 23 men (14.1%) and 140 women (85.9%) in-
volved) in CTD+ILD group, and 33 patients (16.8%, 5 men (15.2%) and 28 
women (84.8%) involved) in CTD-ILD group. The difference of the ratio of 
genders was significant between two groups (P = 0.024, χ2 test), and there were 
more men in CTD-ILD group than that in CTD+ILD group. The  incidences of 
ILD were 79.6% (39), 82.0% (45), 89.7% (52), and 97.1% (33), respectively for 
RA, pSS, DM/PM and SSc groups, and the difference was not significant (P = 
0.051, data not shown). 

There were seven types of HRCT: reticular opacity or honeycombing, cord 
shadow, patching or ground-glass opacity, nodule, emphysema or bulla or 
bronchiectasis, slight inflammation, and normal HRCT. The percentages of 
normal HRCTs were significantly higher in pSS and RA groups than in SSc 
group. Nodule frequencies decreased in the following order: pSS, RA, DM/PM, 
and SSc, meanwhile, SSc group presented a statistically lower frequency (P = 
0.029 and 0.037 compared to pSS and RA, respectively). Reticular opacity and 
honeycombing frequencies increased in the following order: pSS, RA, DM/PM 
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and SSc, meanwhile, SSc group presented a statistically higher frequency (P = 
0.002 and 0.005 compared to pSS and RA, respectively). The frequencies of the 
other manifestations, such as cord shadow, patching or ground-glass opacity, 
emphysema, bulla, bronchiectasis, slight inflammation, and combined manifes-
tations (patching, ground-glass opacity and slight inflammation), did not sig-
nificantly differ among four CTD groups although patching or ground-glass 
opacity and cord shadow decreased in the following order: pSS, RA, DM/PM 
and SSc. The data are shown in Table 1. 

3.4. Pulmonary Function Test (PFT) 

PFT was obtained from 41 pSS (71.9%), 38 RA (73.1%), 48 DM/PM (81.4%), and 
30 SSc (73.2%) patients. PFT manifestations were also classified into 7 types: ob-
structive ventilatory disorder (OVD), restrictive ventilatory disorder (RVD), 
mixed ventilatory disorder (MVD), small airway dysfunction, emphysema, dif-
fusion function impairment (DFI), and normal PFT based on the associated pa-
rameters. DFI was the most common manifestation in four CTD groups. The 
data are shown in Table 2. 

The frequency of normal PFT did not significantly differ among four CTD 
groups. Small airway dysfunction decreased in the following order: pSS, RA, SSc 
and DM/PM although the difference was not significant. The frequency of em-
physema decreased in the following order: pSS, RA, DM/PM, and SSc although 
the difference was not significant. The frequency of OVD decreased in the fol-
lowing order: pSS, RA, SSc and DM/PM, meanwhile, DM/PM presented a sig-
nificantly lower frequency (P = 0.008 and 0.014 compared to pSS and RA,  

 
Table 1. Comparison of the manifestations of lung HRCT among different connective 
tissue diseases. 

HRCT pSS (55) RA (49) DM/PM (58) SSc (34) P 

Normal HRCT 10 (18.0) 10 (20.4) 6 (10.3) 1 (2.9) 0.023 

Reticular opacity or honeycombing 10 (10.9) 10 (20.4) 18 (31.0) 17 (50.0) 0.006 

Nodule 7 (12.7) 6 (12.2) 4 (6.9) 0 (0) 0.043 

Cord shadow 12 (21.8) 9 (18.4) 11 (19.0) 4 (11.8) 0.696 

Patching or ground-glass opacity 16 (29.1) 16 (22.4) 12 (20.7) 6 (17.6) 0.287 

Emphysema or bulla or bronchiectasis 10 (18.1) 5 (10.2) 7 (12.1) 8 (23.5) 0.311 

Slight inflammation 4 (7.3) 4 (8.2) 2 (3.4) 5 (14.7) 0.290 

Patching, ground-glass opacity, and 
slight inflammation 

20 (36.4) 20 (40.8) 14 (24.1) 11 (32.4) 0.297 

Data are presented as number and percentage (No/%). Normal HRCT: The percentage in SSc group was 
significantly lower than those in pSS and RA groups (P = 0.02 and 0.012, respectively). Reticular opacity or 
honeycombing: The percentage in SSc group was significantly higher than those in pSS and RA groups 
(P = 0.002 and 0.005, respectively). Nodule: The percentage in SSc group was significantly lower than those 
in pSS and RA groups (P = 0.029 and 0.037, respectively). Abbreviations: HRCT: High-resolution compu-
terized tomography, pSS: primary Sjogren’s symptom, RA: rheumatoid arthritis, DM/PM: dermatomyosi-
tis/polymyositis, SSc: systemic sclerosis. 
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Table 2. Comparison of the manifestations of PFT among different connective tissue 
diseases. 

PFT pSS (41) RA (38) DM/PM (48) SSc (30) P 

OVD 6 (14.6) 5 (13.2) 0 1 (3.3) 0.007 

RVD 6 (14.6) 8 (21.1) 13 (27.1) 11 (36.7) 0.171 

MVD 9 (22.0) 6 (15.8) 15 (31.3) 14 (46.7) 0.029 

Small airway dysfunction 5 (12.2) 3 (7.9) 1 (2.1) 1 (3.3) 0.209 

Emphysema 7 (17.1) 6 (15.8) 6 (12.5) 3 (10.0) 0.818 

DFI 33 (80.5) 26 (68.4) 26 (54.2) 25 (83.3) 0.015 

RVD plus MVD 15 (36.6) 14 (36.8) 22 (45.8) 22 (73.3) 0.008 

OVD plus MVD 11 (26.8) 9 (23.7) 15 (31.3) 14 (46.7) 0.195 

Data are presented as number and percentage (No/%). OVD: The percentage in DM/PM group was statis-
tically lower than those in pSS and RA groups (P = 0.008 and 0.014, respectively). MVD: The percentage in 
SSc group was statistically higher than those in pSS and RA groups (P = 0.028 and 0.006, respectively). 
RVD plus MVD: The percentage in DM/PM group was significantly higher than those in pSS, RA and 
DM/PM groups (P = 0.002, 0.003, and 0.017, respectively). DFI: The percentage in DM/PM group was 
statistically lower than those in SSc and pSS groups (P = 0.008 and 0.009, respectively). Abbreviations: 
PFT: Pulmonary function test; OVD: obstructive ventilatory disorder; RVD: restrictive ventilatory dis-
order; MVD: mixed ventilatory disorder; DFI: diffusion function impairment; other abbreviations are as in 
Table 1. 

 
respectively). The frequency of RVD increased in the following order: pSS, RA, 
DM/PM, and SSc although the difference was not significant. The frequency of 
MVD increased in the following order: RA, pSS, DM/PM and SSc, meanwhile, 
SSc group presented a significantly higher frequency (P = 0.028 and 0.006 com-
pared to pSS and RA, respectively). The frequency of RVD plus MVD increased 
in the following order: pSS, RA, DM/PM and SSc; meanwhile, SSc group pre-
sented a significantly higher frequency (P = 0.002, 0.003, and 0.017 compared to 
pSS, RA, and DM/PM, respectively). The frequency of OVD plus MVD did not 
significantly differ among four CTD groups. PSS and SSc groups presented sig-
nificantly higher frequencies for DFI (P = 0.009 and 0.008, respectively, com-
pared to DM/PM). In a word, there were more small airway dysfunction, em-
physema and OVD in pSS and RA groups compared with DM/PM and SSc 
groups, and more RVD and MVD in DM/PM and SSc groups compared with 
pSS and RA groups. The data are shown in Table 2. 

3.5. Auto-Antibodies 

The titres of ANA in pSS and SSc groups were significantly higher than in RA 
and DM/PM groups. The frequency of anti-SSA was significantly higher in pSS, 
DM/PM, and SSc than in RA. The frequency of AECA did not significantly differ 
among four CTD groups (P = 0.149). Data are shown in Table 3. The distribu-
tions of these antibodies did not significantly differ between total CTD-ILD 
group and total CTD+ILD group, and between the various CTD-ILD groups and 
comparable CTD+ILD groups (data not shown) except that the positive rate of  
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Table 3. Comparison of the positive rates (%) and titres for auto-antibodies among dif-
ferent connective tissue diseases. 

 pSS RA DM/PM SSc P 

ANA 3200 (0 - 32,000) 100 (0 - 10,000) 100 (0 - 10,000) 10,000 (320 - 32,000) 0.000 

Anti-SSA 71.4 (40/56) 12.2 (6/49) 22.2 (12/54) 34.9 (15/43) 0.000 

AECA 8.6 (3/35) 10.6 (5/47) 19.5 (8/41) 3.2 (1/31) 0.149 

ANA titres were transformed into reciprocal values. The data are presented as medians and IQR for ANA 
and as percentage for other antibodies. The numbers in round brackets after percentages represent the 
numbers of patients with comparable positive antibodies and the numbers of all patients who were tested 
by comparable antibodies. The numbers of patients who underwent testing ANA were 56, 49, 54, and 43 
respectively. ANA: The medians of pSS and SSc groups were significantly higher than those of RA and 
DM/PM groups (P = 0.000, 0.000, 0.000, and 0.000). Anti-SSA: The positive rate in RA group was signifi-
cantly lower than those in pSS, DM/PM and SSc groups (P = 0.000, 0.00, and 0.000, respectively). Abbrevi-
ations: ANA: antinuclear antibody, AECA: anti-endothelial cell antibody; other abbreviations are as in 
Table 1. 
 
anti-SSA in DM/PM+ILD group was significantly higher than that in 
DM/PM-ILD group (P = 0.025, Table 4). 

3.6. Inflammatory Markers 

The medians of ESR and CRP in RA group were significantly higher (P = 0.003, 
0.000, 0.000 compared to pSS, DM/PM, and SSc, respectively (ESR), and P = 
0.000, 0.002, 0.001 compared to pSS, DM/PM, and SSc, respectively (CRP)). The 
median of SF in DM/PM group was significantly higher (P = 0.004, 0.002, and 
0.002 compared to pSS, RA, and SSc, respectively). The data are shown in Table 5. 
ESR, CRP, and SF were all significantly higher in total CTD+ILD group than in 
total CTD-ILD groups (Table 6). Finally, ESR, CRP, and SF (except for SSc) 
were higher in various CTD+ILD groups than in comparable CTD-ILD groups, 
meanwhile, ESR was significantly higher in pSS+ILD, CRP was significantly 
higher in SSc+ILD, and SF was significantly higher in RA+ILD (P = 0.049, 0.048, 
and 0.023, compared to pSS-ILD, SSc-ILD and RA-ILD, respectively, data not 
shown). 

4. Discussion 

CTD+ILD is a leading cause of death in CTD patients [9] [10]. However, little is 
known about differences in the incidences and manifestations of ILD among 
different CTDs (based on lung HRCT and PFT evaluations). In current study, 
the manifestations of ILD were different depending on different CTDs in HRCT 
and PFT although the difference of the incidences was not significant (may be 
due to the smaller sample because the P value (0.051) was close to 0.05). pSS and 
RA groups had the lower incidences and mild condition, and DM/PM plus SSc 
groups had the higher incidences and severe condition. Moreover, ESR, CRP, SF, 
and anti-SSA were related to ILD associated with comparable CTDs. 

HRCT is useful for diagnosis of ILD and monitor of the condition of ILD. In 
current study, more normal lung HRCTs, nodules, patching, ground-glass  
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Table 4. Comparison of positive rates of anti-SSA between different CTD-ILD groups 
and comparable CTD+ILD groups. 

 pSS (56) RA (49) DM/PM (54) SSc (41) 

CTD+ILD 80.6 (25/31) 8.8 (3/34) 26.7 (12/45) 33.3 (12/36) 

CTD-ILD 60.0 (15/25) 20.0 (3/15) 0 (0/9) 40.0 (2/5) 

P 0.089 0.531 0.025 0.771 

Data are presented as % (No). The numbers in round brackets after percentages represent the numbers of 
patients with positive anti-SSA and the numbers of all patients in every CTD+ILD or CTD-ILD group. Ab-
breviations: CTD-ILD: connective tissue disease without interstitial lung disease, CTD+ILD: CTD with 
ILD, other as in Table 1. 

 
Table 5. Comparison of ESR, CRP, and SF among different connective tissue diseases. 

 pSS (57) RA (52) DM/PM (59) SSc (41) P 

ESR (mm/h) 22.0 (3.0 - 126.8) 51.0 (8.3 - 124.4) 15.5 (3.0 - 104.2) 20.0 (2.1 - 99.6) 0.000 

CRP (mg/L) 3.3 (3.2 - 45.2) 22.7 (3.2 - 174.4) 4.9 (3.2-75.6) 4.2 (3.1 - 97.1) 0.000 

SF (ng/mL) 112.0 (7.4 - 908.3) 107.8 (7.2 - 852.5) 209.1 (23.6 - 1723.0) 92.8 (24.8 - 567.7) 0.002 

Data are presented as medians and IQR. ESR: The median of RA group was significantly higher than those 
of pSS, DM/PM, and SSc groups (P = 0.003, 0.000, and 0.000, respectively). CRP: The median of RA group 
was significantly higher than those of pSS, DM/PM, and SSc groups (P = 0.000, 0.002, and 0.001, respec-
tively). SF: The median of DM/PM group was significantly higher than those of pSS, RA, and SSc groups (P 
= 0.004, 0.002, and 0.002, respectively). Abbreviations: ESR: erythrocyte sedimentation rate, CRP: 
C-reactive protein, SF: serum ferritin. Other abbreviations are as in Table 1. 

 
Table 6. Comparison of the ESR, CRP, and SF between total CTD-ILD and comparable 
CTD+ILD groups. 

 ESR (mm/h) CRP (mg/L) SF (ng/mL) 

CTD-ILD (27) 19.0 (9.0 - 43.5) 3.3 (3.2 - 9.0) 100.6 (34.3 - 150.3) 

CTD+ILD (169) 30.0 (12.5 - 61.5) 6.6 (3.3 - 29.4) 139.9 (74.6 - 396.6) 

P 0.047 0.006 0.004 

Data are presented as medians and IQR. The abbreviations are as in Table 1 and Table 4. 

 
opacity, and cord shadow foci (which often represent non-serious active and re-
versible foci and the condition is mild) were found in pSS and RA patients; 
however, more reticular opacity and honeycombing foci (often represent fibrosis 
and irreversible damage and the condition is severe) were observed in DM/PM 
and SSc patients. Therefore, the ILDs differed in incidences, manifestations and 
severity of ILD based on HRCT evaluations in the evaluated CTDs. 

PFT is also often used for judgment of severity of ILD. In current study, more 
normal PFT, OVD, small airway dysfunction and emphysema instances were 
observed in pSS and RA groups, however, more RVD, and MVD instances were 
observed in DM/PM and SSc groups. These findings were consistent with HRCT 
results: OVD and small airway dysfunction might represent the early stage of 
ILD and were associated with patching, ground-glass opacity, and cord shadow 
foci (in pSS and RA groups) in HRCT, whereas RVD might represent the late 

https://doi.org/10.4236/ojra.2018.82005


Z. Jiang et al. 
 

 

DOI: 10.4236/ojra.2018.82005 61 Open Journal of Rheumatology and Autoimmune Diseases 
 

stage of ILD and was associated with reticular opacity or honeycombing foci (in 
DM/PM and SSc groups). Additionally, more patients with DFI were diagnosed 
by PFT in pSS and SSc groups, which might be due to enhanced emphysema in 
pSS group and enhanced pulmonary fibrosis in SSc group. 

ESR, CRP and SF are often regarded as inflammatory markers. In current 
study, the levels of ESR, CRP and SF were significantly higher in total CTD+ILD 
group than in total CTD-ILD group. When patients of every CTD type were 
classified into CTD+ILD and CTD-ILD groups, the same results were obtained 
with respect to ESR, CRP and SF levels in different CTDs. Lee SH, et al. reported 
that increased CRP levels at diagnosis were associated with poor survival in 
idiopathic pulmonary fibrosis cases [11]. Based on these results, inflammation 
might be main contributor to CTD+ILD. However, we found that the levels of 
ESR and CRP were lower in the groups of more serious condition (DM/PM and 
SSc groups) than in the groups of less serious condition (pSS and RA groups). 
Moreover, Cavagna L, et al. reported that CRP alleviates neutrophil-induced al-
veolitis [12] [13]. Therefore, it appears that lower inflammation levels are asso-
ciated with the higher incidence and worse condition of ILD. How can these 
contrary conclusions be explained? It has been reported that the focal inflamma-
tion of lung results in the development of ILD, therefore, the higher ESR and 
CRP levels found in RA and pSS groups might mainly represent systemic in-
flammation, and the levels of ESR and CRP might be higher in lungs of patients 
with DM/PM and SSc than in lungs of patients with pSS and RA although the 
levels in serum were lower than in serum of patients with pSS and RA, which 
needs further confirmation by study of bronchoalveolar lavage fluid (BALF) and 
lung tissue in future. 

The activated phosphoinositide 3-kinase (PI3K)/Akt pathway promotes the 
repair and development of ILD [14], and CRP promotes PI3K-Akt pathway ac-
tivation [15], so CRP might contributes to ILD by this pathway. Damage and in-
flammation are more apparent during the early stage of ILD (nodules, patching 
and ground-glass opacity), whereas repair is more apparent during the late stage 
(reticular opacity and honeycombing foci). Therefore, repair might be more ap-
parent in patients with DM/PM or SSc than in patients with RA or pSS. Some 
researchers reported apparent repair in IPF [16] [17]. In addition, repair mark-
ers were found in an SSc model and in patients with SSc [18], and ILD in SSc is 
similar to IPF [19] [20]. Those results support more repair in SSc-ILD. Interest-
ingly, extracellular ferritin also activates the PI3K pathway [21], possibly repre-
senting the causative contribution of SF to ILD in CTDs. 

Some of auto-antibodies in serum are associated with CTD+ILD. AECA and 
anti-SSA were associated with the advent and severity of ILD in DM/PM [9] 
[22]. Here, we found a significantly higher frequency of anti-SSA in 
DM/PM+ILD group than in DM/PM-ILD group but not in other CTDs, which 
indicates that anti-SSA might be a contributor to DM/PM+ILD. We did not find 
significant correlation between ANA, AECA and CTD+ILDs. 

The means of age in pSS+ILD, DM/PM+ILD and total CTD+ILD groups were 
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significantly higher than the comparable CTD-ILD groups, so, age may be con-
tribute to the development of ILD in CTDs. However, the higher means of age 
were in pSS and RA groups, and the lower ones were in DM/PM and SSc groups, 
and RA group had the highest mean age and the longest disease duration, which 
indicates that age and disease duration may be not contributors to the higher in-
cidences and more severe condition of ILD in DM/PM and SSc groups than in 
RA and pSS groups. Additionally, disease duration did not significantly differ 
between CTD+ILD groups and the comparable CTD-ILD groups, which indi-
cates that disease duration might not be key contributor to the development of 
ILD in CTDs. 

Glucocorticoids and some immunosuppressive agents ameliorate or slow the 
progression of pathogenetic conditions associated with ILD [23] [24] [25] [26]. 
However, we didn’t find treatment was related to ILDs in different CTDs. 

The sample number was relatively small in current study, especially for pa-
tients with CTD-ILD, which causes it difficult to analyze the correlation between 
the antibodies with lower positive incidences and ILD, such as antibodies against 
aminoacyl-tRNA synthetase to DM/PM+ILD. It needs be studied in larger pop-
ulation in future. 

5. Conclusion 

In summary, there were higher incidences and more severe condition of ILD for 
DM/PM and SSc patients than those for pSS and RA patients, more normal lung 
HRCTs, nodules, patching, ground-glass opacity, and cord shadow foci in pSS 
and RA patients, and more reticular opacity and honeycombing foci in DM/PM 
and SSc patients based on HRCT and PFT evaluations in current study. When 
excluding the influences of disease duration, and ESR, CRP, SF, age and 
anti-SSA are positively correlated with ILD in different CTDs. Our results pro-
vide important evidences for judging disease condition and prognosis in clinic. 
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Supplement 
Table S1. Comparison of age (year) between different CTD-ILD groups and comparable 
CTD +ILD groups. 

 pSS (10/45) RA (19/39) DM/PM (6/52) SSc (1/31) Total CTD (27/169) 

CTD-ILD 43.2 ± 12.7 46.9 ± 11.6 34.6 ± 16.2 36.8 ± 11.6 42.0 ± 13.5 

CTD+ILD 53.1 ± 11.6 54.0 ± 14.1 45.5 ± 14.8 44.0 ± 13.8 48.8 ± 14.3 

P value 0.003 0.089 0.039 0.273 0.002 

Data are presented as means ±SD. The numbers in round brackets after every CTD represent the numbers 
of CTD-ILD and CTD+ILD patients. Abbreviations: pSS: primary Sjogren’s symptom, RA: rheumatoid 
arthritis, DM/PM: dermatomyositis/polymyositis, SSc: systemic sclerosis, CTD-ILD: connective tissue dis-
ease without interstitial lung disease, CTD+ILD: CTD with ILD. 

 
Table S2. Comparison of disease duration (month) between different CTD-ILD groups 
and comparable CTD+ILD groups. 

 pSS(10/45) RA(19/39) DM/PM (6/52) SSc (1/31) 
Total 

CTD(27/169) 

CTD-ILD 
48.0  

(27.0 - 84.0) 
48.0  

(12.0 - 123.0) 
24.0  

(6.0 - 48.0) 
24.0  

(15.5 - 78.0) 
48.0  

(12.0 - 84.0) 

CTD+ILD 
60.0  

(12.0 - 120.0) 
84.0  

(18.0 - 213.0) 
12.0  

(4.0 - 60.0) 
48.0  

(24.0 - 96) 
48.0  

(12.0 - 105.0) 

P value 0.985 0.269 0.734 0.380 0.876 

Data are presented as medians and IQR. The numbers in round brackets after every CTD name represent 
the numbers of CTD-ILD and CTD+ILD patients. Abbreviations: as in Table 1. 

 
Table S3. Treatment protocols for the past three months (No./%). 

 pSS (57) RA (52) DM/PM (59) SSc (41) 

Hydroxychloroquine Sulfate 19 (33.3) 8 (15.4) 19 (32.2) 4 (9.8) 

Mycophenolate mofetil 3 (5.3) 0 2 (3.4) 2 (4.9) 

Methotrexate 3 (5.3) 15 (28.8) 8 (13.6) 4 (9.8) 

Leflunomide 1 (1.8) 13 (25.0) 0 3 (7.3) 

Cyclophosphamide 1 (1.8) 1 (1.9) 5 (8.5) 7 (17.1) 

Penicillamine 1 (1.8) 0 1 (1.7) 19 (46.3) 

Thalidomide 0 3 (5.7) 8 (13.6) 4 (9.8) 

Etanercept 0 2 (3.8) 0 0 

Azathioprine 0 2 (3.8) 5 (8.5) 3 (7.3) 

Intravenous immunoglobulin 0 0 3 (5.1) 0 

Tacrolimus 0 0 1 (1.7) 1 (2.4) 

Data are presented as number and percentage. Abbreviations: as in Table 1. 

https://doi.org/10.4236/ojra.2018.82005

	The Differences of Interstitial Lung Diseases in High-Resolution Computerized Tomography and Pulmonary Function Test among Different Connective Tissue Diseases, and the Correlated Factors
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Patients
	2.2. Experimental Data and Treatment
	2.3. Group of Patients and Analyze
	2.4. Statistical Analysis

	3. Results
	3.1. Age and Disease Duration
	3.2. Treatment Protocols
	3.3. High-Resolution Computerized Tomography (HRCT)
	3.4. Pulmonary Function Test (PFT)
	3.5. Auto-Antibodies
	3.6. Inflammatory Markers

	4. Discussion
	5. Conclusion
	References
	Supplement

