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ABSTRACT 
 

Background:  Vitamin D is an essential nutrient with significant immunomodulatory effects. There 
is potential for a protective role of vitamin D against etiopathogenesis of asthma and morbidity. 
This study evaluated the effect of vitamin D supplementation in patients with moderate asthma. 
Aims and Objectives:  To evaluate the effect of vitamin D supplementation on lung function 
improvement in patients of moderate asthma undergoing treatment with inhaled corticosteroids. 
Materials and Methods:  An interventional prospective study. A total of 60 patients of moderate 
asthma were enrolled in the study and randomly divided into two groups of 30 patients each. 
Group A: placed on steroid based treatment regimen (formoterol 6 µg + budesonide 200 µg) + 
Vitamin D supplementation [60,000IU/week for 8 consecutive weeks]. Group B: placed on steroid 
based treatment regimen (formoterol 6 µg + budesonide 200 µg) only, as control. The enrolled 
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patients were followed up for 12 weeks and assessed for various parameters of disease severity, 
asthma control and improvement in lung function by using asthma control test [ACT] questionnaire 
and Pulmonary function tests (spirometry). Collected data was analyzed using available statistical 
software [spss ver 20.0].  
Results: Statistically significant changes (P<0.001) were seen in pre to post values of FEV1 
[2.28±0.41 to 2.64±0.51], FVC [3.37±0.74 to 3.60±0.76] and FEV1/FVC ratio [68.44±5.03 to 
73.48±3.52] in Group A as well as in Group B i.e. FEV1 [2.28±0.48 to 2.64±0.52], FVC [3.35±0.67 
to 3.58±0.75] and FEV1/FVC ratio [67.87±2.48 to 74.16±4.19]. However there were no significant 
differences observed in pre and post values of FEV1, FVC and FEV1/FVC ratio in between the two 
groups. 
Conclusion: Vitamin D supplementation failed to show additional benefits in lung function 
improvement in adults with moderate asthma undergoing treatment with inhaled corticosteroids in 
the present study.  
 

 
Keywords: Asthma; vitamin D supplementation; inhaled corticosteroids; lung functions.  
 
1. INTRODUCTION  
 
Vitamin D is a fat soluble vitamin which has 
shown numerous physiological effects and its 
role as an immune-modulator is suggested to be 
of great significance [1]. Vitamin D can be 
obtained from dietary source (ergocalciferol or 
vitamin D2) or else it can be synthesized by the 
skin under the influence of sunlight 
(cholecalciferol or vitamin D3). Inactivated form of 
vitamin D gets activated within the body in two 
step activation process occurring in liver and 
kidney subsequently. Active form of vitamin D 
(calcitriol) binds to the vitamin D receptor (VDR), 
and then regulate gene expression after 
translocation to the nucleus. Alternatively, 
activated vitamin D can bind to the VDR on the 
plasma membrane to exert rapid responses via 
production of second messengers [2]. 
 
The primary role of vitamin D has been 
postulated for bone and calcium homeostasis 
however newer target identification have 
suggested its role in various pathophysiological 
condition like asthma, COPD, multiple sclerosis, 
ALS etc. There have been many studies of 
vitamin D status and its association with asthma 
and allergy, although the results were 
contradictory. Some studies have demonstrated 
an association between vitamin D deficiency and 
increased asthma risk [3]. Similarly some other 
studies in children and adults reported that low 
levels of vitamin D were associated with asthma 
severity, altered lung function, increased airway 
hyper-responsiveness, increased reactivity to 
exercise, [4-10] and loss of control [11]. On the 
contrary, more time spent in the sun in winter 
between the ages of 6 and 15 years has been 
associated with an increased risk of hay fever 
[12]. There are several other studies that have 

reported no association between vitamin D  
status and asthma in either children or adults 
[12,13]. 
 
Although the underlying mechanisms are not yet 
clear, it is proposed that vitamin D enhances 
anti-inflammatory effect of corticosteroids in 
asthma, either by augmenting the production of  
IL-10 [14] or through inhibition of TH-17 cytokine 
production [15,16]. On the other hand, low 
vitamin D levels are suggested to cause a pro-
inflammatory state. Moreover, vitamin D 
signalling pathways and receptor polymorphisms 
[17] can influence the balance between TH-1 and 
TH-2 [18,19] airway smooth muscle contraction 
and airway remodelling [20,21] all these factors 
have been implicated in asthma pathogenesis 
and severity. It is therefore suggested that 
vitamin D supplementation could modify steroid 
response and reduce airway inflammation 
leading to studies of vitamin D that might improve 
outcomes in patients with asthma [14,15]. 
 
Asthma treatment guidelines recommend inhaled 
corticosteroids as the primary anti-inflammatory 
therapy for persistent asthma, however, 
significant variation in the responses of patients 
to inhaled corticosteroids have been observed 
[22,23]. Several factors could be responsible for 
such variation in response i.e. improper 
technique, treatment non-compliance, genetic 
susceptibility and some nutritional deficiency. 
Considering the aforementioned facts Variation 
in vitamin D status could also be one of the 
reason for variable treatment response. We 
hypothesized that vitamin D supplementation 
along with inhaled corticosteroids would improve 
the clinical efficacy of inhaled corticosteroids and 
will help in improving lung function in patients 
with moderate asthma.  
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2. MATERIALS AND METHODS   
 
This study was conducted in the department of 
pharmacology and pulmonary medicine, 
Himalayan Institute of Medical Sciences (HIMS), 
Swami Ram Nagar, Dehradun over a period of 
twelve months. Patients aged between 19 – 64 
years presented to pulmonary medicine OPD, 
HIMS, Dehradun with a primary diagnosis of 
moderate asthma were included in the study 
after obtaining written informed consent. The 
included patient were either non-smoker or ex-
smoker (stopped for >6years). The patient with 
acute respiratory tract infection, lung tumors & 
other malignancies e.g. lymphoma etc., 
irreversible broncho-constriction i.e. COPD, 
interstitial lung disease, morphological anomaly 
i.e. kyphosis, scoliosis etc., cardiac arrhythmia, 
kidney dysfunctions, mal-absorption syndrome, 
pregnancy, calcium metabolism disorders and 
epileptic and seizure disorders were excluded in 
this study. 
 
2.1 Study Design   
 
It was an interventional prospective study. The 
patients fulfilling the inclusion criteria were 
recruited and randomly divided using random 
number table into two groups of 30 patients 
each. The enrolled patients were followed up for 
12 weeks and they were assessed for various 
parameters of disease severity, asthma control at 
every 4 week study visit. The patient randomized 
to test arm (Group A) placed on steroid based 
treatment regimen (budesonide 200 
µg+formoterol 6 µg) plus vitamin D 
supplementation in a dose of 60,000IU/week for 
8 consecutive weeks. The patients randomized 
to control arm (Group B) were placed on steroid 
based treatment regimen (budesonide 200 µg 
+formoterol 6 µg) only. 
 
Patient details were taken in the case recording 
form. The symptoms and severity of the disease 
as well as level of asthma control of the patients 
were assessed by using ACT, Pulmonary 
function tests (Spirometry), and Biochemical 
parameters (e.g. IgE and vitamin D level and 
others as per discretion of the treating physician). 
Any serious adverse event (SAE) occurring 
during the study period were recorded using 
adverse event reporting form. 
 

2.2 Study Tools 
 
Asthma Control Test (ACT) [24]: Asthma control 
was assessed by self-reported Asthma Control 
Questionnaires, Asthma Control Test (ACT). The 

ACT was a 5-item questionnaire that assessed 
interference with activity, shortness of breath, 
nocturnal symptoms, rescue medication use and 
self-rating of asthma control. Each item is scored 
using 1-5 scale and then summed (total score 5-
25). A score of 20 or higher was found to be the 
most discriminating cut off to define well 
controlled asthma and a score lower than 15 was 
identified as the most discriminating cut-off to 
define asthma that was poorly controlled. ACT 
scores of 15-19 denotes not well-controlled 
asthma. 
 
Pulmonary function test (PFT): Spirometry using 
Morgan HypAir Spirometer (P.K. Morgan Ltd, 
Rainham, UK) was performed to assess 
pulmonary functions i.e. FEV1, FVC and 
FEV1/FVC ratio.  The testing was done in the 
sitting position, using a chair for safety reasons 
and nose clip was used to occlude the nostrils. 
Study patients were asked to put the tube in their 
mouth and to take a deep breath. Then study 
patients were asked to start blowing out hard and 
fast. They were encouraged to keep blowing for 
at least six second minimum or till the end of 
expiration. The spirometry examinations were 
repeated thrice for each study patient and finally 
one best measurement of three 
acceptable/reproducible trials was obtained. 
Thereafter to check the reversibility the 
bronchodilator drug was administered in the dose 
and by the method indicated for the test i.e. after 
a gentle and incomplete expiration, a dose of 100 
mcg of salbutamol is inhaled in one breath from a 
valved spacer device. The breath was then held 
for 5–10s before the subject exhaled out. Four 
separate doses (total dose 400 mcg) were 
delivered at 30-s intervals. This dose ensured 
that the response was high on the salbutamol 
dose–response curve. Three additional 
acceptable tests were recorded ≥ 10 min and up 
to 15 min later for short-acting β2-agonists and 
finally one best of the three trials was recorded. 
We considered post-bronchodilator values of 
FEV1, FVC and FEV1/FVC ratio for evaluation of 
lung functions of enrolled patients.  
 
Adverse drug reactions (ADRs) reporting form as 
per Central Drugs Standard Control Organization 
(CDSCO) guidelines. 
 
Serum vitamin D level: Serum vitamin D was 
estimated on VIDAS which was based on ELFA 
(Enzyme Linked Fluorescent Assay). The 
principle of assay combines an enzyme 
immunoassay competition method with a final 
fluorescent detection (ELFA). All instruction 
specified in the manual of The VIDAS 25 OH 
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Vitamin D TOTAL (bioMerieux SA, France) using 
the ELFA technique (Enzyme Linked Fluorescent 
Assay) was strictly followed. The samples were 
clarified by centrifugation. The calibrator, control 
and samples were mixed using a vortex-type 
mixer (for serum or plasma separated from the 
pellet). Bubbles were removed from samples, 
calibrators, controls and diluent before pipetting 
was done. For this test, the calibrator, control, 
and sample test portion was 100 µL. "VITD" 
SPRs and "VITD" strips were inserted into the 
instrument. The color labels with the assay code 
on the SPRs and the Reagent Strips would 
match. All the assay steps were performed on 
VIDAS which was an automated system based 
on ELFA. The assay was completed within 
approximately 40 minutes. Fluorescence was 
measured twice in the Reagent Strip’s reading 
cuvette for each sample tested. The results were 
automatically calculated using calibration curves 
which were stored by the instrument (4-
parameter logistics model) and were expressed 
in nmol/L. 
 

2.3 Statistical Analysis   
 
Collected data was analyzed using available 
statistical software [spss ver. 20.0]. Qualitative 

data was expressed in the form of frequency and 
percentage and analyzed using chi-square test 
while the quantitative data was represented in 
the form of mean and standard deviation and 
analyzed using student t-test and RM-ANOVA.  
 
3. RESULTS  
 
A total of 72 patients screened for enrolment into 
the study. 12 patients were excluded or lost to 
follow up and finally a total of 60 patients enrolled 
and completed the study visits. The baseline 
demographic characteristics of the enrolled 
patient who have completed the study visits are 
given in Tables 1 and 2.  
 
Statistically significant changes (P<0.001) were 
seen in pre to post values of FEV1 [2.28±0.41 to 
2.64±0.51], FVC [3.37±0.74 to 3.60±0.76] and 
FEV1/FVC ratio [68.44±5.03 to 73.48±3.52] in 
Group A as well as in Group B i.e. FEV1 
[2.28±0.48 to 2.64±0.52], FVC [3.35±0.67 to 
3.58±0.75] and FEV1/FVC ratio [67.87±2.48 to 
74.16±4.19]. However there were no significant 
differences observed in pre and post values of 
FEV1, FVC and FEV1/FVC ratio in between the 
two groups (Table 3). 

 
Table 1. Comparison of baseline demographic charact eristic 

 
Parameter  Budesonide + Formoterol 

+ Vitamin D arm N (%) 
Budesonide + Formoterol 
arm N (%) 

p-value  

Sex       
Male 16 (53.3%) 17 (56.7%) 0.5 
Female 14 (46.7%) 13 (43.3%) 
Religion     
Hindu 28 (93.3%) 21 (70%) 0.05 
Muslim 2 (6.7%) 9 (30.0%) 
Food habits     
Vegetarian 27 (90.0%) 19 (63.3%) 0.01 
Non vegetarian 3 (10.0%) 11 (36.7%) 
Smoking status     
Smoker Nil Nil  
Non smoker 28 (93.3%) 27 (90.0%) 0.5 
Ex-smoker 2 (6.7%) 3 (10.0%) 
Family history     
Atopic 5 (16.7%) 6 (20.0%) 0.5 
Non atopic 25 (83.3%) 24 (80.0%) 
Drug history     
Not Known 27 (90.0%) 27 (90.0%) 0.66 
Positive 3 (10.0%) 3 (10.0%) 
Personal history     
Married 21 (70.0%) 21 (70.0%) 1 
Unmarried 9 (30.0%) 9 (30.0%) 
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Table 2. Baseline parameters of lung function and d isease severity 
 

Parameter  Budesonide + Formoterol + 
Vitamin D arm (Mean±SD) 

Budesonide + Formoterol 
arm (Mean±SD) 

p-value  

Age (yrs) 36.37±11.27 38.27±12.24 0.53 
BMI (kg/m2) 21.49±3.52 22.45±4.74 0.38 
Height (cm) 164.60±10.51 162.97±8.84 0.52 
Weight (kg) 58.33±11.14 59.63±12.91 0.68 
Vit D level (nmol/l) 43.60±19.31 37.45±15.53 0.18 
FEV1 level (L) 2.28±0.41 2.28±0.48 0.96 
FVC (L) 3.37±0.74 3.35±0.67 0.92 
FEV1/FVC (%) 68.44±5.03 67.87±2.48 0.58 

 
Table 3. Improvement in lung function in the two st udy groups (n=30 each group) 

 
 Parameter  Budesonide + Formoterol + Vitamin 

D arm 
Budesonide + Formoterol arm  

Baseline  
(mean±SD) 

Week-12 
visit 
(mean±SD) 

p-
value 

Baseline  
(mean±SD) 

Week-12 
visit 
(mean±SD) 

p-
value 

FEV1/FVC(%) 
ratio 

68.44±5.03 73.48±3.52 <0.001 67.87±2.48 74.16±4.19 <0.001 

FEV1 (L) 2.28±0.41 2.64±0.51 <0.001 2.28±0.48 2.64±0.52 <0.001 
FVC (L) 3.37±0.74 3.60±0.76 <0.001 3.35±0.67 3.58±0 .75 <0.001 

 

We performed RM-ANOVA to evaluate the 
treatment effect at different time interval in the 
two treatment groups, however we did not 
observe any significant difference in the lung 
function improvement [Figs. 1, 2 and 3] between 

the groups whereas the improvement at last 
follow up visit [week-12 visit] from baseline was 
statistically significant within the treatment 
groups. 

 

 
 

Fig. 1. Improvement in FEV1 (L) in two study groups  (n=30 each group)  
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Fig. 2. Improvement in FVC (L) in two study groups (n=30 each group) 
 

 
 

Fig. 3. Improvement in FEV1/FVC ratio (%) in two st udy groups (n=30 each group)  
 

The correlation between the baseline vitamin D 
level and baseline FEV1 of enrolled asthmatic 

patient was also assessed and the details of the 
association are depicted in Table 4. 

 
Table 4. Correlation between baseline serum vitamin  D level and FEV1 values 

 
Parameters  Budesonide + Formoterol + 

Vitamin D arm 
Budesonide + Formoterol 
arm 

Full cohort 
altogether  

Vit D - FEV1 0.40 0.31 0.35 
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4. DISCUSSION 
 
Recently, several controlled clinical trials have 
been undertaken to explore the effect of vitamin 
D supplementation on asthma control and 
respiratory tract infections because asthma 
treatment continues to be a challenge in terms of 
symptom control and asthma related morbidity.  
 
A study conducted by S. Arshi et al. [25] has 
shown beneficial effect of vitamin D 
supplementation for 24 weeks along with the 
controller medication in asthmatic adults, 
although they did not observe any significant 
difference in clinical response at 8 week or 
earlier in this study. In our study we followed our 
patient for a period of 12 week and no significant 
difference (p>0.05) between the groups was 
observed in lung function parameters on PFT at 
end of 12 week follow up period. We anticipated 
that shorter duration of vitamin D 
supplementation against a background of vitamin 
D deficiency in majority of patients can be a 
probable reason; why there was no significant 
difference observed between the two groups. 
However in the study conducted by S. Arshi et al. 
[25], significant difference in various parameters 
of PFT with higher doses of vitamin D 
supplementation i.e. 1,00,000IU intramuscular 
bolus and then 50,000IU/week for 24 weeks of 
treatment period was observed at completion of 
24 weeks of follow up period only and it is 
postulated that relatively longer duration of follow 
up and supplementation of higher doses of 
vitamin D could be a possible cause for the 
treatment response.  
 
Interestingly, in a proof-of-concept study, Nanzer 
et al., reported that calcitriol (1,25(OH)2D3) as 
an add-on therapy to prednisolone for 4 weeks 
significantly improved the lung function in adults 
with corticosteroid-resistant asthma, indicating a 
rapid effect of calcitriol on augmenting 
corticosteroid responsiveness [26]. The 
augmentation of corticosteroid responsiveness 
may have been due to a common mechanism of 
action, acting via nuclear receptors. 
 
On the other hand, a recently published study 
[27], Vitamin D Add-on Therapy enhances 
Corticosteroid Responsiveness in Asthma (VIDA) 
clinical trial, 408 patients with vitamin D 
insufficiency or deficiency on inhaled 
corticosteroids were randomized to receive add-
on therapy with placebo or high-dose vitamin D3 
(100000IU loading dose followed by 4000IU/day) 
for 28 weeks. The time to the first treatment 

failure (primary outcome), rate of first asthma 
exacerbation or overall exacerbation rate did not 
differ between vitamin D3 and placebo groups, 
although the overall dose of inhaled 
corticosteroids to maintain asthma control was 
slightly lower in those taking vitamin D3.In this 28 
week study [27], vitamin D3 supplementation had 
no significant effect on lung function, AHR, 
asthma control, quality of life or sputum 
eosinophilia. 
 
Furthermore, Vitamin D3 Supplementation in 
Adults with Asthma (ViDiA) trial [28] also 
evaluated the effect of vitamin D3 repletion on 
asthma exacerbation and upper respiratory 
infection. There was no significant difference in 
the time to severe exacerbation or upper 
respiratory infection with vitamin D compared 
with placebo [28]. 
 
In our study vitamin D3 supplementation along-
with budesonide+formoterol in patients with 
moderate asthma, did not result in additional 
improvement in the lung function. Although we 
observed a weak positive association (r=0.35) 
between vitamin D level and FEV1 at the 
baseline but this association could not be 
translated in lung function improvement with 
vitamin D supplementation. A number of possible 
explanations for the study observation can be 
postulated. Firstly, there could be various 
confounders and associated factors i.e. diet, 
variation in sun exposure timing, skin colour etc. 
which might have concealed the beneficial 
effects of vitamin D in present study. It was also 
not clear whether the serum level of vitamin D 
achieved in this trial, were the ideal vitamin D 
levels needed in the pulmonary tissue for 
modulating inflammatory response. Moreover, 
while the total serum 25(OH) D3 concentration 
has been uniformly accepted as an indicator of 
vitamin D status, the level of activated vitamin D 
isoform [25 (OH)2 D3] and free bioavailable 
25(OH) D3 would be of greater clinical 
significance and their levels are  influenced by a 
genetic polymorphism. Secondly, although we 
assume increases in serum vitamin D level after 
8 weeks, there would be a wide range of vitamin 
D levels in the study population at this time point, 
suggesting that variable response to vitamin D3 
may have occurred. The small sample size and 
short duration of follow up was also a limitation of 
the study and studies of larger sample size and 
longer duration will be needed to fully resolve the 
question of vitamin D3 efficacy on asthma. 
Further, although we did not observe any serious 
adverse events associated with vitamin D3 
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treatment in our study, we cannot advocate 
routine vitamin D supplementation in asthma 
beyond the current recommendation for vitamin 
D supplementation. Lastly, it has been 
alternatively hypothesized that low vitamin D 
status is the consequence rather than the cause 
of inflammatory disorders like asthma and long-
term studies will be needed to shed further light 
on this issue. 
 
5. CONCLUSION  
 
Vitamin D supplementation failed to show 
additional benefits in lung function improvement 
in adults with moderate asthma undergoing 
treatment with inhaled corticosteroids in the 
present study. 
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