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INTRODUCTION 
 

Interstitial lung disease (ILD) is strongly associated 

with connective tissue disease (CTD) including 

polymyositis/dermatomyositis (PM/DM), systemic 

lupus erythematosus (SLE), rheumatoid arthritis (RA), 

Sjögren’s syndrome, and so on [1]. Although it reported 

that the median survival time for CTD-ILD patients was 

roughly 6.5 years, and the mortality rate due to CTD 

attributable to ILD was approximately 123.6 per 1000 

person years [2, 3], but the progression and prognosis of 

CTD-ILD varies widely between individuals [4]. In 

general, the poor prognosis of ILD was reported to 

correlate with the dyspnea score, pulmonary function 

degree [5, 6], patterns of high-resolution computed  

 

tomography (HRCT) scans [7, 8]. Limited by the 

patient's cooperation, we try to find some reliable and 

less expensive serum biomarkers which are also easy to 

detect. Although it has been showed that increased 

serum surfactant protein D (SP-D) and Krebs von den 

Lungen-6 (KL-6) concentrations were associated with 

the decline of forced vital capacity (FVC) and the 

severity of interstitial pneumonia for patients with 

CTD-ILD [9–11], they have not been widely used in 

clinical practice. There was no disease-specific 

biomarker in CTD-ILD that can predict disease 

progression and prognosis. 

 

Vitamin D is recognized as a steroid hormone with 

immunomodulatory properties which also regulates 
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bone development, calcium homeostasis [12]. 25-

hydroxyVitamin D3 (25(OH)D) is the last metabolic 

product of Vitamin D. Recent studies suggested that 

Vitamin D also plays a role in lung tissue remodeling, 

keeping lung function and immune system modulation 

[13]. The serum 25(OH)D was lower in patients with 

RA, SLE and undifferentiated connective tissue disease 

(UCTD), compared with healthy control patients [14–

17]. But it has been suggested that corticosteroid usage 

reduces 25(OH)D levels through increased consumption 

[18]. A few studies showed that Vitamin D deficiency 

was associated with CTD-ILD and reduced lung 

function [13]. However, there was no study 

investigating whether Vitamin D deficiency correlated 

with shorter survival times. In this study, we evaluate 

the serum Vitamin D levels in patients with CTD-ILD, 

IPF and the healthy person to explore the hypothesis 

which the Vitamin D levels in patients with CTD-ILD 

are lower and can predict the prognosis. 

 

RESULTS 
 

Subject characteristics  

 

Clinical characteristics and laboratory data of the cohorts 

are shown in Table 1. Two hundred and thirty-two 

patients were included in the study (76 healthy adults, 71 

patients with IPF and 85 patients with CTD-ILD). 

Corticosteroids have not been used in all patients with 

CTD-ILD. The mean age of the control was 53.41±6.52 

years, the mean age of the IPF and CTD-ILD groups 

were 61.24±5.76 years and 52.73±8.71 years 

respectively. There were no sex differences between the 

groups. The CTD-ILD subjects were more likely to have 

higher erythrocyte sedimentation rate (ESR), lactate 

dehydrogenase (LDH) and creatine kinase (CK) levels 

(all P<0.05). The ESR of CTD- ILD group was 

33.00±7.76 mm/h whereas the control group was 

13.25±4.05 mm/h, the IPF group was 15.34±5.74 mm/h. 

Similarly, the serum CK and LDH levels were 

significantly elevated in CTD-ILD patients (CK was 

294.53±26.54IU/ml and LDH was 662.24±37.65IU/ml). 

In addition, the mean CD4+ T cells counts in the CTD-

ILD group was markedly lower than that in the IPF group 

and the healthy control group(0.44±0.25×109/L, 

0.79±0.29×109/L and 0.88±0.33×109/L, respectively, 

P<0.05). Whereas the serum levels of CRP did not differ 

between the three groups at the first medical 

examination. As shown in Figure 1A, the mean level of 

25(OH)D was 16.06±4.33 ng/ml in the CTD-ILD group, 

25.18±7.43 ng/ml in the IPF group and 27.33±5.30 ng/ml 

in the control group. The serum 25(OH)D levels were 

obviously lower in patients with CTD-ILD compared 

with the IPF group (P<0.05) and the control group 

(P<0.05). Notably, 25(OH)D levels were not significantly 

lower for IPF patients compared to the healthy controls. 

Vitamin D levels and CTD-ILD 

 

The CTD-ILD groups were divided into two subgroups: 

anti-MDA5 antibody-positive and anti-MDA5 antibody-

negative groups. Anti-MDA5 antibody has been reported 

to be a poor prognostic marker for dermatomyositis 

(DM) and clinically amyopathic dermatomyositis 

(CADM). The 5-year survival rate of patients with anti-

MDA5 antibodies was only 56% [19]. A statistically 

significant difference in Vitamin D levels was found in 

the two subgroups, anti-MDA5 positive group vs anti-

MDA5 negative group (14.52±2.86 ng/ml, n=29 vs. 

17.79±5.04 ng/ml, n=56, P=0.006) (Figure 1B). 

 

The elevation of Vitamin D concentrations correlates 

with the improvement of pulmonary function 

 

In the CTD-ILD group, 30 patients were included in the 

further analyses for before and after treatment, who 

received a combination of glucocorticoid and 

immunosuppressive therapy. A higher Vitamin D level in 

the patients after treatment existed than in the patients 

before treatment (22.42±5.27 ng/ml vs 17.21±4.99 ng/ml, 

P<0.05). Table 2 shows the variation in the pulmonary 

function of the samples during the therapy. Baseline lung 

function was altered when serum Vitamin D was 

increased, increasing from 58.23%±13.29% to 

70.43%±16.32 % for FVC predicted, from 

61.13%±15.50% to 73.66%±19.85% for FEV1 predicted 

and from 55.00%±16.18% to 62.42%±18.11% for 

DLCO-SB predicted. 

 

We further defined the percentage change of after 

treatment and before treatment in 25(OH)D level, FVC, 

FEV1 and DLCO-SB as Δ25(OH)D(%), ΔFVC(%), 

ΔFEV1(%) and ΔDLCO-SB(%). Spearman's rank 

correlation coefficients were evaluated for correlation 

between changes of serum Vitamin D level and the 

pulmonary function tests. As shown in Figure 2, the 

Δ25(OH)D(%) was positively correlated with 

ΔFVC(%), ΔFEV1(%) and ΔDLCO-SB(%). (r = 0.559, 

P = 0.001, r = 0.559, P = 0.001, r = 0.559, P = 0.001, 

respectively), which indicated that increased Vitamin D 

levels after treatment may suggest an improvement in 

lung function and a better condition. 

 

Vitamin D levels and the survival times of patients 

with CTD-ILD 

 

Kaplan-Meier survival curves of the patients with CTD-

ILD stratified by a median of serum 25(OH)D level 

with a cutoff line of 14.98 ng/ml. As shown in Figure 3, 

85 patients with CTD-ILD were divided into high-level 

and low-level groups. The median survival time of 

patients with high serum 25(OH)D level was 16.5 

months (95%CI 14.6~18.4 months), significantly longer 
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Tabel 1. Demographics and laboratory data of all subjects. 

Variable Control (n=76) IPF(n=71) CTD-ILD(n=85) 

Age, y, mean±SD 53.41±6.52 61.24±5.76a 52.73±8.71b 

Men, No. (%) 42(55.26) 39(54.92) 49(57.64) 

Smoker, No. (%) 22(28.94) 20(28.16) 23(27.05) 

T2DM history, No. (%) 7(9.21) 7(9.85) 8(9.41) 

Hypertension history, No. (%) 8(10.52) 8(11.26) 10(11.76) 

CRP(mg/L) 14.97±6.15 15.34±5.74 15.13±6.42 

ESR(mm/h) 13.25±4.05 14.17±4.23 33.00±7.76 a, b 

LDH(IU/L) 151.54±13.27 153.73±15.19 662.24±37.65 a, b 

CK(IU/L) 83.62±11.62 85.07±10.07 294.53±26.54 a, b 

CD4+ T cells (×109/L) 0.88±0.33 0.79±0.29 0.44±0.25 a, b 

25(OH)D(ng/ml) 27.33±5.30 25.18±7.43 16.06±4.33a, b 

than the patients with low-level 25(OH)D level group 

(14.0 months, 95%CI 11.1 to 16.9 months) (P=0.007).  

 

The results of the multivariate Cox proportional hazard 

model are listed in Table 3. In the multivariate Cox 

regression model, the Vitamin D was identified as an 

independent prognostic factor with a hazard ratio of 

0.869 (95CI 0.772-0.977, P =0.019). Additionally, 

when the age, gender, history of smoking, 

hypertension and type 2 diabetes, the serum 

concentration of CK, LDH, CRP and ESR were 

adjusted, the adjusted hazard ratio for serum 25(OH)D 

was 0.730 (95% confidence interval 0.578-0.992, P = 

0.008) (Table 3).  

 

 
 

Figure 1. The level of 25(OH)D in the healthy control, IPF and CTD-ILD. (A) The mean level of 25(OH)D was 16.06±4.33 ng/ml in the 

CTD-ILD group, 25.18±7.43 ng/ml in the IPF group and 27.33±5.30 ng/ml in the control group. The serum 25(OH)D levels were obviously 
lower in patients with CTD-ILD compared with the IPF group (P < 0.05) and the control group (P < 0.05). (B) The CTD-ILD groups were divided 
into two subgroups: anti-MDA5 antibody-positive and anti-MDA5 antibody-negative groups. A statistically significant difference in vitamin D 
levels was found in the two subgroups(P=0.006). 
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Table 2. Comparison of vitamin D and lung function in patients with CTD-ILD before and after treatment. 

Variable before treatment (n=30) after treatment (n=30) 

FVC predicted (%) 58.23±13.29 70.43±16.32a 

FEV1 predicted (%) 61.13±15.50 73.66±19.85a 

DLCO-SB predicted (%) 55.00±16.18 62.42±18.11a 

25(OH)D(ng/ml) 17.21±4.99 22.42±5.27a 

 

 
 

Figure 2. Correlation between vitamin D and lung function changes in patients with CTD-ILD. (A) The Δ25(OH)D(%) was positively 

correlated with ΔFVC(%) (r=0.559, P=0.001); (B) The Δ25(OH)D(%) was positively correlated with ΔFEV1(%) (r=0.559, P=0.001); (C) The 
Δ25(OH)D(%) was positively correlated with ΔDLCO-SB(%)(r = 0.559, P=0.001). 

 

 
 

Figure 3. Survival of CTD-ILD patients in high 25(OH)D level group and low 25(OH)D level group. Using a median of serum 

25(OH)D (14.98) as a standard, 85 patients with CTD-ILD were divided into high-level and low-level groups. The median survival time of 
patients with high serum 25(OH)D level in was 16.5 months (95%CI 14.6~18.4 months), significantly longer than the patients with low-level 
25(OH)D level group (14.0 months, 95%CI 11.1 to 16.9 months) (P=0.007). 
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Table 3. Effect of serum 25(OH)D level on total survival time in Cox regression model. 

Model B SE Wald x2 HR HR(95%CI) P 

1 -0.141 0.060 5.493 0.869 0.772-0.977 0.019 

2 -0.314 0.119 6.972 0.730 0.578-0.992 0.008 

Model 1: Unadjusted 
Model 2: age, gender, history of smoking, hypertension and type 2 diabetes, the serum concentration of CK, LDH, CRP and 
ESR were adjusted. 
 

DISCUSSION 
 

The challenge of treatment and poor prognosis of CTD-

ILD are higher than CTD without ILD. It has been 

reported that Vitamin D deficiency was observed 

among those subjects with CTD especially in the CTD-

ILD patients, and reduced serum 25(OH)D level was 

significantly associated with reduced lung function in 

the patient with CTD-ILD [12–15, 17]. The subjects in 

previous study were more likely to have received 

corticosteroid, which was doubtful whether Vitamin D 

deficiency was related to corticosteroid usage. In our 

study, 85 patients diagnosed CTD-ILD who did not use 

corticosteroid before admission were enrolled, 71 

patients diagnosed IPF and 78 healthy persons as the 

control groups were reviewed simultaneously. As 

expected, the serum 25(OH)D levels were obviously 

lower in patients with CTD-ILD compared with the IPF 

group and the healthy group (Table 1, P<0.05). There 

was no significant difference in Vitamin D levels 

between the patients with IPF and the healthy controls, 

which suggested that Vitamin D deficiency is more 

associated with autoimmune diseases associated with 

CTD. Interestingly, the mean CD4+ T cells counts in 

the CTD-ILD group was markedly lower than the other 

two groups(P<0.05). It has been showed that 25(OH)D 

can inhibited T-cell proliferation [20] and low Vitamin 

D levels up-regulated the expression of autophagy 

related genes and reduced the counts of T-cell subsets in 

active SLE [21]. Some studies have confirmed that T 

lymphocytes could express Vitamin D receptor, 

Vitamin D could reduce secretion of cytokines via 

Vitamin D receptor [20]. The relationship between 

Vitamin D and the immune system in connective tissue 

disease, especially in CTD-ILD deserves further 

investigation. In addition, the serum ESR, CK and LDH 

levels were significantly elevated in CTD-ILD 

patients(all P<0.05), which probably due to the 

selective bias caused by more than one-third of CTD 

patients(29/85) diagnosed myositis with positive anti-

MDA5 were included. Anti-MDA5 antibody has been 

reported to be a poor prognostic marker for DM and 

CADM. The 5-year survival rate of patients with anti-

MDA5 antibodies was only 56% [19]. Subgroup 

analysis found that anti-MDA5 positive group had 

lower Vitamin D levels than the anti-MDA5 negative 

group (P=0.006), which indicated the worse the 

prognosis, the lower the vitamin levels. 

 

We have known that Vitamin D deficiency is associated 

with reduced lung function in CTD-ILD patients, 

however, few studies have focused on changes of Vitamin 

D levels before and after treatment when lung function 

altered. Our results indicated that the elevation of Vitamin 

D concentrations positively correlates with the 

improvement of pulmonary function including ΔFVC(%), 

ΔFEV1(%) and ΔDLCO-SB(%). The exact mechanism 

regarding the effect of Vitamin D on lung function is 

unknown. There were several proposed mechanisms may 

explain the contribution of Vitamin D deficiency to 

impairing the lung function. Vitamin D works mainly 

through Vitamin D receptor (VDR) expressed on various 

inflammatory and structural cells. Vitamin D has been 

shown to inhibit TGF-b signaling and reduce TGF-b-

mediated fibroblast proliferation [22]. It has also been 

shown to prevent the expression of several matrix 

metalloproteinases in monocytes and alveolar macro-

phages, takes part in the airway remodeling in chronic 

obstructive pulmonary disease [23, 24]. 

 

Although it has been reported that Vitamin D 

supplementation might be an effective therapeutic 

candidate for the control of autoimmune processes 

especially in rheumatic diseases, but our results only 

suggested that Vitamin D levels increased when the 

condition improved in the patients who did not have 

additional Vitamin D supplements. Moreover, Kaplan-

Meier survival curves of the patients with CTD-ILD 

indicated that high-level Vitamin D group had longer 

survival time than low-level group. The results of 

multivariate Cox analysis showed that lower Vitamin D 

levels predict worse prognosis. Therefore, the baseline 

serum 25(OH)D levels are related to prognosis and 

Δ25(OH)D may be sensitive markers in predicting 

CTD-ILD progression, however, this hypothesis needs 

to increase the sample size for further confirmation.  

 

This study still has several limitations. First, we know 

that international definition of Vitamin D insufficiency 

and deficiency were serum 25(OH)D values less than 30 

ng/mL and 20 ng/mL, respectively. But Vitamin D 

deficiency in the Chinese population is a widespread 
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health problem. Our study showed that the mean level 

of 25(OH)D was 27.33±5.30 ng/ml in the healthy 

control group and only 16.06±4.33 ng/ml in the CTD-

ILD group. There was no control group with normal 

Vitamin D level for survival analysis. Second, to 

determine the correlation between changes of serum 

Vitamin D level and the pulmonary function tests, we 

analyzed the serum Vitamin D level in 30 CTD-ILD 

patients before and after treatment. The results showed 

that the Δ25(OH)D(%) was positively correlated with 

ΔFVC(%), ΔFEV1(%) and ΔDLCO-SB(%), which 

made us assume that Δ25(OH)D may be sensitive 

markers in predicting CTD-ILD progression, however, 

this hypothesis requires analysis of a larger sample size 

to support. 

 

In conclusion, this is the first study on the relationship 

between Vitamin D levels and survival analysis in 

patients with CTD-ILD, suggesting that the changes in 

Vitamin D levels during treatment may predict disease 

progression. Continuous levels of Vitamin D may be an 

important serum biomarker of prognosis. 

 

MATERIALS AND METHODS 
 

This study is a retrospective clinical study, which was 

approved by the Ethics Committee of Nanjing Drum 

Tower Hospital of Medical School of Nanjing 

University (No.31/93, 84/93, 29/01) and waived the 

consent. A total of 156 patients with ILD between 

December 2016 and December 2017 in Department of 

Respiratory Medicine, Nanjing Drum Tower Hospital 

Affiliated to Medical School of Nanjing University 

were included in the study. ILD was diagnosed on the 

basis of clinical presentation, physical examination, 

pulmonary function tests and HRCT images. 85 patients 

diagnosed CTD-ILD who met the American College of 

Rheumatology criteria [25], 71 patients diagnosed IPF 

by An Official ATS/ERS/JRS/ALAT Clinical Practice 

Guideline [26] and 78 healthy persons as the control 

group. We further used the classification of auto-

antibodies to define patients as anti-MDA5 antibody-

positive and anti-MDA5 antibody-negative groups. The 

clinical data included gender, age, smoking history, 

chronic disease history, pulmonary function tests and 

laboratory findings were obtained from medical records 

when the serum samples were obtained. It is worth 

mentioning that all patients with CTD-ILD did not use 

corticosteroids or other immunosuppressant when we 

first collected Vitamin D data. 

 

Detection of vitamin D 

 

Serum 25(OH)D concentrations were assayed by  

Roche CSE170 automatic electrochemiluminescence 

immunoassay analyzer at Clinical Testing Center in 

Nanjing Drum Tower Hospital Affiliated to Medical 

School of Nanjing University. The reagents were 

purchased from Roche (Switzerland, Lot Number: 

174625). The normal values of serum 25(OH)D are from 

30ng/mL to 35 ng/mL. 

 

Statistical analysis  

 

Continuous data were expressed as median (range) and 

binary data were expressed as number (percentage). 

Either the chi-square test or Fisher's exact test was used 

as appropriate for comparing proportions. All P values 

corresponded to two- sided tests and statistical 

significance was defined as a P value of 0.05. The 

survival time was calculated from the date of first 

admission to our hospital for ILD to the last visit or 

death. Overall survival was evaluated by the Kaplan-

Meier method using the log-rank test. Variables found 

to be associated at a P value of 0.05 in the unadjusted 

analysis and those considered important a priori were 

considered for inclusion in multivariate regression 

models. The final multivariate models were chosen 

using stepwise backward deletion. All analyses were 

performed with SPSS statistical software version 9.2 

(Stata Corp; College Station, Texas). 
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