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Abstract---Background: Vitamin D is a steroid hormone that affects 

the immune system, lung remodeling, and bone health. Aim of the 

work: to assess serum vitamin D level in non-connective tissue 
disease-associated interstitial lung diseases (ILD), and to evaluate the 

impact of vitamin D supplementation. Patients and methods: One 

hundred and four patients with different types of ILD were randomly 

assigned to either; Group 1 (intervention): included 52 patients who 
received vitamin D for 3 months besides their standard treatment, and 

Group 2 (control): included 52 patients who received only the 

standard treatment of ILD. Follow up after 3 months. All patients were 
subjected to; dyspnea scoring, spirometry, six minutes walk test (6-

MWT), and measurement of serum vitamin D at the time of enrollment 

and after 3 months for the intervention group. Results: The mean 
serum vitamin D level was (8.53 ± 6.29) ng/ml. After 3 months of 
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supplementation; it significantly increased [5.7 to 18.5 (ng/ml), p < 

0.001], dyspnea score significantly decreased, significant increase of 

forced vital capacity (FVC)% and forced expiratory volume in the first 
second (FEV1)% (P=0.004 & 0.02), with improvement of six minute 

walk distance (6-MWD) and oxygen saturation. The larger the changes 

in vitamin D, the more the improvement in FVC% and FEV1% [(r= 
0.41&0.5; p= 0.03& 0.01)]. Conclusion: Low serum vitamin D level is 

prevalent among patients with non-connective tissue disease-

associated ILD and its supplementation could improve 6-MWD and 
pulmonary function specifically FVC and FEV1.  

 

Keywords---Interstitial lung diseases, Vitamin D, FVC%, FEV1%, 6-
MWT 

 

 

Introduction  
 

Vitamin D has many non-skeletal biological effects that are important in health 

and disease in addition to its essential role in calcium homeostasis [1]. 
 

There is evidence that supports an association between vitamin D and 

susceptibility and severity of autoimmune disorders [2]. Clinical studies 
demonstrated low vitamin D level in connective tissue diseases and its association 

with diseases activity [3-4]. It may be also involved in the pathogenesis and end-

organ dysfunction of these diseases [5]. 
 

Interstitial lung diseases (ILD) are increasingly recognized as an important cause 

of morbidity and early mortality [6].They are characterized by progressive 

dyspnea, impairment of gas exchange and both inflammation and fibrosis of the 
lung parenchyma, with involvement of alveolar, interstitial and vascular spaces 

[7-8].  

 
Epidemiological studies demonstrated that low serum levels of 25-hydroxy-

vitamin D were associated with fibrosis disease in multiple organs [9]. Besides, 

vitamin D can reduce transforming growth factor-beta1(TGF-β1) expression and 
attenuate TGF-β1 induced epithelial–mesenchymal transition (EMT) [10-11]. 

 

The aim of the study was to assess serum vitamin D level in non-connective 
tissue disease-associated interstitial lung diseases (ILD), and to evaluate the 

impact of vitamin D supplementation on the patients’ clinical and functional 

state. 

 
Method  

 

This randomized controlled study was carried out at the Chest Department in 
collaboration with the Chemical Pathology Department, at kasr Al-Ainy Hospital, 

Cairo University during the period from March 2019 to January 2020. 

 
The study was approved by the research ethical committee of the faculty of 

Medicine, Cairo University (Study number: N-140-2018) and was registered in the 
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clinical trial registry (NCT: 04100226). An informed written consent was obtained 
from all patients. 

 

Population of the study: 
 

The study included 104 patients with interstitial lung disease other than 

connective tissue-associated disease namely; hypersensitivity pneumonitis, 

sarcoidosis, and idiopathic pulmonary fibrosis who were presented to the Chest 
Department for accurate assessment and treatment. 

 

They were diagnosed according to the diagnostic algorithm of ILD [12] through 
multidisciplinary approach involving all the clinical data, laboratory 

investigations, functional evaluation, high resolution computerized tomography of 

the chest, and lung biopsy when appropriate. 
 

Exclusion criteria: 

 

• Patients who had other diseases that could contribute to causing vitamin 
D deficiency (eg. malignancy, chronic renal disease, liver disease, etc.). 

• Patients unable to do spirometry or 6-MWT. 

• Patients with ischemic heart disease and congestive heart failure. 

• Exacerbation of ILD. 
 

Methodology in details: 

 
As shown in figure 1, all enrolled patients were randomly assigned to either: 

 

Group (1) (intervention group): included 52 patients with vitamin D 

deficient/insufficient who received vitamin D supplementation besides the 
standard treatment of ILD, or 

Group (2) (control group): included 52 patients with vitamin D 

deficient/insufficient who received only the standard treatment of ILD. 
 

The treatment which was received in the studied population was as the following: 

 

• For both groups: Standard medications of ILD as; corticosteroids, and 
immune suppressive drugs (Azathioprine, Methotrexate) when appropriate. 

 

• For the intervention group: Vitamin D supplementation in a dose of 
[200.000 international units of cholecalciferol (vitamin D3)] (Devarol) 

intramuscular injection every 2 weeks for 3 months for patients with 

deficient serum vitamin D level (vitamin D level: 0-10 ng/ml), and every 
month for 3 months for patients with insufficient serum vitamin D level 

(vitamin D level: 10-30 ng/ml). No vitamin D supplementation for patients 

with sufficient serum vitamin D level (vitamin D level:  30-100 ng/ml). 

 

• Oral calcium supplementation was supplied in a fixed dose of 600 mg once 

daily for 3 months for all patients. 
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Figure 1: Flow chart represents the study design 

 

All patients were subjected to the following: 
 

• Medical history and physical examination with special concern to personal 

history including; age, sex, body mass index (BMI), smoking history, drug 
intake, occupational, and environmental exposure history).  

 

• Determination of dyspnea score: 

Dyspnea in daily living was evaluated by the modified medical Research 
Council (mMRC) scale which consists of five statements that describe 

almost the entire range of dyspnea from Grade 0 to almost complete 

incapacity (Grade 4) [13]. 
 

• Spirometry: 

It was performed By Master Screen Pulmonary Function Test 2012, Care Fusion 
234 GmbH, Germany (V-781267-057 version 03.00). According to (Miller et al., 

2005) [14], the following parameters were measured and interpreted as percent 

predicted values; forced vital capacity (FVC%), forced expiratory volume in the 1st 
second (FEV1%), maximum expiratory flow (MEF 25%), and FEV1/FVC%. 
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• Six-minute walk test (6-MWT): 

Six-minute walk test measures the distance a patient can quickly walk during 6 

minutes on a flat, long, hard covered corridor which was 30 meter long, meter by 
meter marked, and is thought to reflect the patient’s functional activity level for 

daily activities. The 6-MWT was conducted according to the American Thoracic 

Society guidelines [15]. Reference values for the walked distance are 576 meter for 
healthy male individuals and 494 meter for healthy female individuals. 

Oxygen saturation (SO2%) was measured before and immediately at the end of 6-

MWT using pulse oximetry. The distance walked was calculated. Oxygen 

desaturation was defined as a fall in oxygen saturation to 88% or less, or a fall of 
4% during the 6-MWT [16]. 

 

Measurement of serum vitamin D level: 
 

Peripheral venous blood samples were withdrawn using standard venous-

puncture technique and then centrifuged. Grossly hemolytic samples were 
avoided. Specimens were stored up to 48 hours at 2-8 ˚C or frozen at -20 ˚C if 

held for a longer time, prior to assaying. 

 
Serum vitamin D level was measured and its deficiency was determined [17] using 

solid phase enzyme linked immunosorbent assay (ELISA).  

 

• Follow up after 3 months: 
 

All the patients were followed up for 3 months. Assessment of the dyspnea score 

and changes of the parameters of spirometry and 6-MWD were carried out 
besides, measurement of serum vitamin D level after 3 months for the 

intervention group. 

 
Statistical analysis 

 

Sample size calculation was done using G*Power software version 3.1.2 for MS 

Windows, Germany. It was done using the comparison of mean distance in 6 
minute walk test (6MWT) between cases with interstitial pulmonary fibrosis (IPF) 

treated with vitamin D supplementation and untreated matched cases, as it was 

the primary outcome of our study. As reported in previous publication [18], the 
mean ±standard deviation (SD) of 6-MWT in untreated group was 392.4 ± 

108meter. 

 
We assumed that vitamin D supplementation will increase the distance by at least 

60meter. Accordingly, we calculated that the minimum proper sample size was 52 

patients in each arm to be able to reject the null hypothesis with 80% power at α 
= 0.05 level using Student’s t test.  

 

The data were statistically analyzed using Minitab 17.1.0.0 for windows (Minitab 

Inc., 2013, Pennsylvania, USA). All tests were two sided. A p-value <0.05 was 
considered significant. Continues data were represented as mean and SD or 
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median and inter quartile range (IQR), and categorical data were represented as 

number and %.  

Independent t-test or Mann Whitney test used for comparison between two 
groups of continues data nature, and chi square test for comparison between two 

or more groups of categorical data.  

 
Paired t-test used to compare between two means before and after intervention. 

Pearson correlation coefficient used to estimate the linear relationship between 

two or more numerical variables; the sign before the "r" represent the direction of 
the relationship.  

 

Results 
 

Patients’ characteristics 

 

The study included 104 ILD patients. Their characteristics were shown in table 1. 
There was no statistical significant difference between the intervention group and 

the control group as regards to the grade of dyspnea, parameters of spirometry, 6-

MWD, resting arterial oxygen saturation, and post 6-MWT oxygen saturation. Low 
serum vitamin D level was detected and was not significantly different among 

both groups. 

Table (1) 
Baseline clinical and functional parameters of the intervention and the control 

group 

Variable 
Intervention group 
 (n=52) 

Control group 
(n=52) 

P-value 

Age (year) 46.2±7.5 48.66±5.4 0.32$ 

Sex (Female) 41 (78.84%) 41 (78.84%) 1# 

BMI (weight/height2) 29.9±5.85 33.07±7.77 0.07$ 

Diagnosis 

• HP 

• Sarcoidosis  

• UIP/IPF 

 

24(46.15%) 
18 (34.62%) 

10 (19.23%) 

 

37 (71.15%) 
12 (23.08%) 

3 (5.77%) 

0.14# 

Dyspnea Score 3.031±0.538 2.875±0.609 0.23$ 

Spirometry 

FVC% predicted 58±22 60±23 0.76$ 

FEV1% predicted 56±22 58±23 0.7$ 

FEV1/FVC% 81±16 81±10 0.95$ 

MEF25% predicted 46±26 45±32 0.89$ 

Six minute walk test 

6-MWD 259.9±76.1 285.1±82.1 0.2$ 

Resting SO2% 91±8 93±4 0.14$ 

Post 6-MWT SO2% 83±12 88±7 0.07$ 

O2 desaturation%  6(3-10) 5(2-7) 0.12$$ 

Vitamin D (ng/ml)  5.7(3.6-8.7) 7.2(4.4-15.7) 0.08$$ 
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BMI: body mass index, HP: hypersensitivity pneumonitis, UIP/IPF: Usual 
interstitial pneumonia/Idiopathic pulmonary fibrosis, FVC: forced vital capacity, 

FEV1: forced expiratory volume in the first second, MEF: maximum expiratory 

flow, 6-MWD:6-minute walk distance, SO2: oxygen saturation. 
Data are represented as mean ± standard deviation(SD), or median, inter-quartile 

range (IQR), number (n), percentage (%).  

 

$: independent t-test, #: Chi square test , $$: Mann Whitney test, significant P-
value< 0.05.  

 

Effects of vitamin D supplementation 
 

After 3 month of vitamin D supplementation; there was significant improvement 

of dyspnea (p-value < 0.001).  
 

Both FVC% and FEV1% predicted values were significantly increased, [(p-

value=0.004 and 0.02), respectively] while at the level of small airways 
represented as MEF25%, there was no statistically significant change (p-

value=0.3) (table 2, figure 2). 

 

Considering the patients, ability for doing 6-MWT, it significantly improved 
[(mean±SD= 257.30 ±74.50 to 299.5 ± 84.10 meter), p-value< 0.001]. Also, resting 

oxygen saturation and the percentage of oxygen desaturation (resting oxygen 

saturation - post 6-MWT oxygen saturation) were significantly improved, (p-
value=0.01 and 0.03, respectively).  

 

Table (2) 
Statistical analysis of the measured parameters in the intervention group before 

and after 3 months of vitamin D supplementation 

 

Intervention 

 group 

Variable 

Before vitamin D  

supplementation 

(n=49) 

After vitamin D 

supplementation 

(n=49) 

P-value 

Dyspnea Score 3.03±0.54 1.91±1.00 < 0.001^ 

FVC% predicted 60±22 68±20 0.004^ 

FEV1% predicted 56±23 62±20 0.02^ 

FEV1/FVC% 80±16 81±11 0.70^ 

MEF25%  predicted 41±23 37±22 0.30^ 

6-MWD(meter) 257.30±74.50 299.50±84.10 <0.001^ 

Resting SO2% 91±8 93±4 0.01^ 

O2 desaturation %   6 (3-10) 5 (0-7) 0.03^ 

Vitamin D (ng/ml)  5.7 (3.6-8.7) 18.5 (15-22) < 0.001^ 

 
FVC: forced vital capacity, FEV1: forced expiratory volume in the first second, 

MEF: maximum expiratory flow, 6-MWD:6-minute walk distance, SO2: oxygen 

saturation. Data are represented as mean ± standard deviation(SD), or median, 

inter-quartile range (IQR).  
^: Paired t-test, significant P-value< 0.05.  
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The level of serum vitamin D significantly increased [(5.7 to 18.5 ng/ml), p-value 

< 0.001] (table 2, figure 2). 
 

Figure2 

Significant improvement of the measured parameters in the intervention group 
after vitamin D supplementation 
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It worth attention that the larger the changes in vitamin D level after 

supplementation, the more the improvement in FVC%, FEV1% and MEF25% (r= 

0.41, 0.5 and 0.37; p-value = 0.03, 0.01 and 0.05) respectively (table3). While the 
changes of the distance in 6-MWTwas insignificantly correlated with the changes 

of vitamin D level (p-value = 0.55). 

 

Table (3) 
Correlation between the changes of serum vitamin D level and the changes in the 

parameters of spirometry and 6-MWD in the intervention group 

Variable 
Vitamin D level changes 

r p-value 

FVC% change 0.41 0.03 

FEV1% change 0.50 0.01 

FEV1/FVC% change 0.21 0.27 

MEF25% change 0.37 0.05 

6-MWD change 0.12 0.55 
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Person correlation coefficient (r), the sign before r denotes the direction of the 

relationship, significant P-value< 0.05. 

 
In the control group, the grade of dyspnea was the only parameter that 

significantly improved after 3 months of follow up (table 4). 

 
Table (4) 

Statistical analysis of the measured parameters in the control group before and 

after 3 months 

Control 

group 

Variable 

Before 
(n=51) 

After 3 months 
(n=51) 

P-value 

Dyspnea Score 2.88±0.61 2.13±1.01 < 0.001^ 

FVC% predicted 61%±23 60±21 0.42^ 

FEV1% predicted 59±22 59±21 0.84^ 

FEV1/FVC% 81±11 82±9 0.63^ 

MEF25% predicted 46±32 46±31 0.86^ 

6-MWD (meter) 289.5±79.6 291.4±75.7 0.86^ 

Resting SO2% 93±4 94±3 0.51^ 

O2 desaturation% 5 (2-7) 4 (1-5) 0.59^ 

 
FVC: forced vital capacity, FEV1: forced expiratory volume in the first second, 

MEF: maximum expiratory flow, 6-MWD:6-minute walk distance, SO2: oxygen 

saturation.  
 

Data are represented as mean ± standard deviation(SD), or median, inter-quartile 

range (IQR).  

^: Paired t-test, significant P-value < 0.05.  
 

By comparing the changes of the measured parameters in the intervention group 

compared to the control group; both the changes of FVC% and 6-MWD were 
significant high in the intervention group compared to the control group at the 

end of the 3 months follow up (p-value =0.02 and 0.004) (figure 3). 

 
Figure 3 

Significant higher changes of FVC% and 6-MWD among the intervention group 

compared to the control group 
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Discussion 
 

The role of vitamin D in the pathogenesis of pulmonary fibrosis and its possible 

effects through inhibition of TGF-ß-induced pro-fibrotic effects in lung fibroblasts 
and epithelial cells was presented in early experimental studies [19-20]. In 

addition, Shi et al., 2017 [21] demonstrated that chronic vitamin D deficiency 

could lead to pulmonary fibrosis through the activation of the renin-angiotensin 
system (RAS). 

 

The possible beneficial effects of vitamin D supplementation on various clinical 

and functional outcomes in many respiratory diseases are being of interest and 
particularly little is known in non-connective tissue related ILD. 

 

The main finding of the study was that patients with different types of ILD (not 
including connective tissue disease-associated ILD) had low serum vitamin D level 

and there was a significant improvement of lung function following vitamin D 

supplementation. 
 

Different studies demonstrated that low serum vitamin D level could affect lung 

function. Black and Scragg, 2005 [22] showed that lower serum vitamin D were 
associated with a lower FEV1 in a dose-dependent manner in a general 

population. 

 

The Third National Health and Nutrition Examination Survey (NHANES III) also 
supported the finding regarding a connection between a significant relation 

between vitamin D and pulmonary function tests, specifically FEV1 and FVC [23].  

 
Sutherland and co-workers, 2010 [24] found that vitamin D deficiency impairs 

lung function; increases airway hyper-responsiveness and can decrease the 

response to glucocorticoids. In addition to that, Mulrennan and his colleagues, 
2018 [25] reported a statistically significant higher level FVC and FEV1 among 

Caucasian adult population in those with higher vitamin D levels.  
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The clinical impact of vitamin D on different respiratory diseases is well 

recognized in the literature as in chronic obstructive pulmonary disease [26-27-

28], bronchial asthma [29-30], and pulmonary infections [31]. 
 

A regard to ILD, Hagaman and co-workers, 2011 [32] reported that; low vitamin D 

was highly prevalent in patients with ILD and was associated with the presence of 
an underlying connective tissue disease and reduced lung function. However, no 

significant association between lower vitamin D and 6-MWD. 

 
This relation between vitamin D  level and lung function comes in agreement with 

our finding of significant improvement of FVC% (p-value = 0.004) , FEV1% (p-

value = 0.02) , and 6-MWD (p-value <0.001) after vitamin D supplementation 
among the intervention group (table 2). In contrarily to our finding, Sluyter et al., 

2017 [33] showed that monthly, high-dose vitamin D supplementation did not 

affect lung function. However, there was a positive correlation between the change 

of serum vitamin D and the change of FEV1%. 
 

In our study, we demonstrated that the larger the changes in vitamin D level in 

patients with ILD before and after supplementation, the more the improvement in 
FVC%, FEV1% and  MEF 25% while the changes of vitamin D was positively 

correlated with changes in 6-MWT although no statistical significance was 

detected.  
 

Furthermore the study demonstrated that patients who received vitamin D 

supplementation showed significant improvement of both FVC and 6-MWD 
compared to patients who did not receive vitamin D at the end of follow up period 

(figure 3).  

   

Conclusion 
 

Vitamin D deficiency is prevalent among patients with non-connective tissue 

disease-associated ILD and its supplementation could improve the patients’ 
clinical and functional parameters.    
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