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ABSTRACT 

Background: Vitamin D has been shown to be involved in the host 

immune response toward Mycobacterium tuberculosis. Aim: To test 

whether vitamin D supplementation in treatment of patients with 

tuberculosis improved clinical outcome and could influence recovery. 

Methods: The randomized, double-blind, placebo controlled trial was 

conducted in TB clinics at a demographic surveillance site in Burdwan 

under control of Burdwan medical College. Six hundred and twenty 

two patients with pulmonary TB were randomized to receive either 

600,000 IU of Intramuscular vitamin D3 or placebo for 2 doses. 

Assessments were performed in each month upto 6 months. Results: 

Reduction in TB score and sputum smear conversion rates were  

significantly differ among patients treated with vitamin D or placebo. Conclusions: 

Supplementation with high doses of vitamin D accelerated clinical, sputum conversion rate in 

all TB patients and increased host immune activation in patients. These results suggest a 

therapeutic role for vitamin D in the treatment of TB. 
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1. INTRODUCTION 

Despite the widespread availability of antimicrobials, bacterial respiratory infections remain a 

major global cause of death.
 [1]

 Mortality is associated with infection with antibiotic-resistant 

organisms
[2, 3]

 and with failure to resolve immunopathological inflammatory responses.
[4–6]

 

Immunomodulatory agents that augment antimicrobial immune responses and accelerate 

resolution of pulmonary inflammation could be used as adjuncts to antimicrobial therapy to 

improve treatment outcomes.
[7]
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Calcitriol, the active metabolite of vitamin D, induces innate antimicrobial responses and 

suppresses pro-inflammatory cytokine responses in vitro.
[8]

 Calcitriol’s antimicrobial activity 

is mediated via induction of reactive nitrogen intermediates, reactive oxygen intermediates, 

antimicrobial peptides, and autophagy.
[9]

 Calcitriol is synthesized by the vitamin D 1-α 

hydroxylase enzyme, the expression of which is up-regulated in leukocytes and pulmonary 

epithelium following ligation of Toll-like receptors by pathogen-associated ligands.
[10, 11]

 

Extrarenal generation of calcitriol is dependent on the availability of its precursor calcidiol, 

the major circulating vitamin D metabolite that supports induction of antimicrobial responses 

in vitro
[10, 12]

 and the concentrations of which are often low in patients with pulmonary 

infection.
[13–15]

 

 

Vitamin D was used to treat tuberculosis in the preantibiotic era,
[16]

 and vitamin D 

supplementation has been shown to enhance healthy tuberculosis contacts’ immunity to 

mycobacteria.
[17]

 These observations prompted us to conduct a randomized controlled trial 

evaluating the influence of adjunctive high-dose vitamin D on time to bacterial clearance in 

patients receiving antimicrobial therapy for smear-positive pulmonary tuberculosis. 

 

2. MATERIAL AND METHODS 

2.1 Study area 

This randomized, double-blind placebo-controlled clinical trial was conducted in the TB 

clinics at a demographic surveillance site in Burdwan under control of Burdwan medical 

College, Burdwan, West Bengal, India.  

 

2.2 Selection of subjects 

A total of 622 from 1846 patients aged 18-60 years who had been newly diagnosed with 

pulmonary tuberculosis who attended Burdwan Medical College of Burdwan district were 

selected as study population by simple random sampling after informed consent had been 

received between February 2011 and October 2013. Pulmonary TB was diagnosed if at least 

one of the following criteria were met: (1) Isolation of Mycobacterium tuberculosis from 

sputum or other clinical specimens. (2) A positive polymerase chain reaction test for TB in 

sputum or other clinical specimens. (3) Presence of caseation granulomas in tissue. (4) 

Lymphocyte predominant exudative effusion with an adenosine deaminase level >40 IU/L. 

Based on clinical history taking and clinical records, patients with extrapulmonary TB, 

human immunodeficiency virus (HIV) infection, hepatic disease, renal failure, malignancy, 

diabetes mellitus, pregnancy, sarcoidosis, hyperparathyroidism or those taking any 
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corticosteroids, immunosuppressive agents, thiazide diuretics or drugs known to interfere 

with vitamin D levels (phenytoin, phenobarbital, carbamazepine, theophylline) were excluded 

from the study. All the tubercular patients continued to receive Directly Observed Therapy 

(DOTS) with 2 months of 4 antitubercular drugs (Isoniazid, Rifampicin, Ethambutol and 

Pyrazinamide) followed by 6 months of Isoniazid and Ethambutol. 

 

2.3 Study design 

 
Figure 1: Study design of the present study 

 

2.3 Enrolment Procedures 

Six hundred and forty six twenty two patients were screened for eligibility. Five hundred and 

sixty patients were enrolled and randomized to the two treatment arms. Two hundred and 
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eighty nine in the cholecalciferol supplementation arm and 271 in the placebo arm, as shown 

in Figure 1.  

 

The one study arms were either administered 600,000 IU of intramuscular vitamin D3 

(cholecalciferol) for 2 doses two months apart within three months study period or an 

equivalent volume of placebo (normal saline) matched for colour. The rationale behind the 

choice of dosage and time points was a concern that vitamin D might induce hypercalcemia, 

and therefore no intervention was given when patients were seen at 2 months. Instead, 

samples were collected for calcium measurement and hypercalcemia was assessed at the first 

interim analysis. We chose administration of a few large doses so as not to further increase 

the substantial pill burden on the patients and because it was a simple intervention applicable 

to low-resource settings. A single large dose has been shown as effective as daily 

administration, and the half-life is 2 months.
[18]

 The dosage was known to be efficient for 

treatment of vitamin D deficiency and also safe to give with no deficiency present and even 

in pregnancy.
[19]

 

 

2.4 Randomization Procedures 

The random allocation sequence was computer generated a list of continuous study numbers 

was generated with a random allocation to treatment 1 or 2. Study numbers were consecutive 

and given to patients by the field assistant at inclusion, and patients were recorded in a book 

with prewritten study numbers and allocation sequence numbers 1 or 2. Study medicine was 

provided in identical containers labelled lot 311 (allocation sequence number 1) or lot 312 

(allocation sequence number 2). A physician gave the trial information, obtained patient’s 

consent, and conducted the clinical examination; a trial nurse administered study medicine 

according to sequence number. 

 

2.5 Blinding 

The patient, primary physicians, investigator physicians, study coordinator, site assistants 

were blinded to the treatment allocation. Trial medicine was available in two lots and for 

logistical reasons it was not concealed whether a patient was on lot 1 or lot 2 during the trial. 

Blinding was not assessed among patients, but we assessed blinding among 10 field assistants 

and investigators through tasting both lots. Six voted in favour of lot 312 being vitamin D, 

seven voted in favour of lot 311. The randomization code was broken by the primary 

investigator in November 2013 on completion of data analysis. The randomization sequence 
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was generated by the Department of Pharmacology, Burdwan Medical College, WBHUS 

University, who were responsible for dispensing the study drug. 

 

2.6 Follow up 

The outcome of study groups was assessed by clinical assessments, differences in sputum 

conversion rates, using differences in anthropometric parameters and resolution of chest 

radiograph abnormalities. The outcome variables were measured at 0, 1,2,3,4,5 and 6 months 

of treatment followed by a household visit at least one visit in a month after initiation of 

treatment followed by a household visit 16 months. The patients were asked for the following 

adverse effects related to hypercalcemia such as nausea, vomiting, excessive thirst, anorexia, 

symptoms of kidney stones, and confusion. To show the safety of vitamin D supplementation 

in patients with TB, we investigated whether vitamin D increased serum calcium 

concentrations significantly. A significant change in serum calcium was defined as albumin-

corrected serum calcium increasing to a concentration greater than 2.75 mmol/L in a patient 

with no hypercalcemia before vitamin D supplementation. Calcium concentrations were 

measured in patients seen at 2 months, and completing 6 months of treatment. After the first 

interim analysis of calcium concentrations at 2 months, it was proceeded to give vitamin D at 

2 months.  

 

2.7 Interim Analysis 

A data and safety monitoring board was established to monitor the study. Interim safety 

analyses were done at 2 and 16 months for calcium concentrations and mortality, and were 

blinded to treatment group. No clinical outcomes were analyzed, only safety; the predefined 

stopping rule was a difference in mortality between the two treatment arms at the 5% 

significance level. 

 

2.8 Clinical assessment 

Clinical examination was used to calculate a TB score for estimation of TB severity 
[20]

 for all 

visits. The TB score is a validated assessment tool developed to objectively measure change 

in the clinical status of TB patients. Its components include self-reported symptoms (cough, 

shortness of breath, night sweats, chest pain, haemoptysis), clinical signs (tachycardia, pallor, 

fever, auscultatory findings). The TB score achieved can range from 0–13. TB scores were 

further divided into 3 severity classes; Severity Class I (TB score 0 to 5), Class II (TB score 6 

– 7) and Class III (TB score ≥ 8). 
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2.9Anthropometric measurements 

BMI: Weight and height measurements were obtained, using standardized technique.
[21]

 BMI 

was calculated as the weight in kilograms divided by the square of height in meters. Body 

mass index (BMI) was calculated as the weight (kg) divided by the square of height (m
2
). 

 

Mid Upper Arm Circumference (MUAC): It was recorded at the mid-point of the 

acromion and the olecranon process over the biceps muscle of the non-dominant arm, using a 

non-stretchable measuring tape (TALC, Guilford, UK) to the nearest 0.2 cm.
[22]

 

 

2.10 Laboratory investigation 

Peripheral venous blood was drawn at 0 and 12 weeks of study and allowed to coagulate at 

room temperature for 30–45 min, followed by centrifugation at 2500Xg for 15 min. All 

serum samples were stored at -70
0
C and kept under these conditions until chemical analysis 

was performed. Serum 25(OH)D was estimated by enhanced chemiluminescent assay (ECI) 

using instrument VITROS eci (Johnson &Johnson) & dedicated reagent.
[23]

 The inter- and 

intra-assay coefficients of variation were 6.4 and 5.7%. Vitamin D estimation should be done 

in each monthly visit. Serum calcium and albumin were measured by absorbance (COBAS 

Integra; Roche Diagnostics, Mannheim, Germany). Corrected total serum calcium for 

individual variations in albumin was measured by the following equation: adjusted serum 

calcium (mmol/L) = serum calcium total (mmol/L) X 0.00086 X (650 - serum albumin 

[mmol/L]). 

 

2.11 Statistical analysis  

It was expressed the variables by their means or medians and standard deviations or range. 

The Pearson chi-square (x
2
) was used to assess statistical differences in proportions between 

groups (P < 0.05). The Student’s t test was to assess differences in means between two 

groups when a normal distribution was present and the Wilcoxon rank-sum test when 

nonparametric analysis was needed. The data for biochemical analysis was subjected to 

standard statistical analysis using the Statistical Package for Social Science (SPSS) 11.5 

software for windows. 

 

3. RESULT 

3.1 The characteristics of the study population  

Baseline characteristics of the two study populations are shown in Table 1. The two arms did 

not statistically differ significantly.  
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 Table 1:  Baseline personal profile and clinical details of two study groups.  

Data are expressed as numbers (group percentages in parentheses) for categorical variables 

and mean values ± SD for continuous variables; p < 0.05 consider statistically significant. 

 

3.2 Changes in measured clinical variables before and at various time points of the 

antitubercular therapy  

In the Figure 1, it was observed that the group with high dose vitamin D supplementation had 

faster recovery from pulmonary TB as reflected by TB score than placebo arm.  

 

Figure 2: TB score at various time points for the two treatment arms. 

 

Evaluation of sputum microscopy data for the study subjects showed that high dose vitamin 

D supplementation had faster sputum conversion rate than placebo arm as shown in the 

Figure 2.  

 

Demographic profiles 

Randomization p value 

Drug intervention 

group (n = 289) 

Placebo group 

(n = 271) 

Age (Years) 35.71 ± 11.84 34.67 ± 9.58 0.182 

Sex 

Male 

Female 

 

150 (51.9) 

139 (48.1) 

 

141 (52) 

130 (48) 

0.381 

BMI (Kg/m
2
) 18.29 ± 5.14 17.98 ± 4.92 0.279 

MUAC (cm.) 20.7 ± 5.36 21.11 ± 4.87 0.109 

TB score  7.54 ± 1.98 7.34 ± 1.81 0.224 

Sputum smear positive 246 (85) 236 (87) 0.145 

Albumin-corrected serum calcium 

(mmol/L) 
2.01 ± 0.29 2.02 ± 0.25 0.098 

Serum 25(OH)D concentration in ng/ml 30.02 ± 6.91 29.56 ± 5.12 0.195 
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Figure 3: Proportion of patients with positive acid-fast bacteria sputum examination at 

various time points for the two treatment arms. 

 

3.3 Serum 25(OH)D status in different time points of the study among two groups 

When serum 25(OH)D was measured in both groups of the present study it was found that 

vitamin D concentration was significantly decreased gradually as time proceed in group 

receiving only ATT but group receiving vitamin D supplementation along with ATT 

concentration of vitamin D did not differ significantly with time span of ATT. 

 

 

Figure 4: Mean vitamin D serum levels before and during study of two study arms. 
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In vitamin D arm, the mean 25-OHD levels on follow up were not significantly different from 

those of the baseline value as Figure 4(a). In placebo arm, although the mean 25-OHD levels 

on first month follow up (28.45ng/ml) were not significantly different from those of the 

baseline data, average 25-OHD levels further decreased with increasing months of follow up. 

Indeed, from second month of follow up onwards, 25-OHD levels differed significantly from 

those of baseline value (27.17, 26.17, 25.18, 24.91 and 24.15 ng/ml for 2,3,4,5 and 6 month, 

respectively; p<0.001; figure 4b). Mean 25-OHD levels were almost 20% lower in 6th month 

follow up compared with baseline value. 

 

Figure 5: (a) Plot showing 25-OHD levels according to the various time points in 

vitamin D arm. (b) Plot showing 25-OHD levels according to the various time points in 

placebo arm. An analysis of variance (ANOVA) univariate test followed by a Tukeye 

Kramer posthoc test for testing multiple groups was used to calculate significances. 

Asterisks indicate p<0.0001. 

 

4. DISCUSSION 

Vitamin D was used for treatment of tuberculosis (TB) in the preantibiotic era
[24–26]

 and 

before then cod liver oil, rich in vitamin D, was used as well as sun exposure.
[27]

 Then it was 

proved that Vitamin D has been attributed an important role in host immune defence against 

Mycobacterium tuberculosis.
[28,29]

 So, the present study was conducted to evaluate the 

influence of adjunctive high-dose vitamin D on time to bacterial clearance in patients 

receiving antimicrobial therapy for smear-positive pulmonary tuberculosis. It was shown that 

high doses of Vitamin D given to patients with active pulmonary TB can lead to 
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proportionately greater improvement of TB score and more rapid sputum clearing for 

mycobacterium as compared to placebo as some recent studies.
[30-32]

 A possible mechanism 

of vitamin D–mediated effect on TB treatment efficacy is that 1,25-dihydroxyvitamin D 

(calcitriol) has been shown to induce antimycobacterial activity in macrophages in vitro, to 

upregulate protective innate host responses, and to trigger antimicrobial peptides such as 

cathelicidin.
[28]

 No data are available on dose dependent effects of vitamin D on 

mycobacterial activity, but it has been speculated that pharmacologic doses of vitamin D may 

elevate serum 25-hydroxyvitamin D [25(OH)D] concentrations to levels saturating the ability 

of vitamin D–binding protein to bind vitamin D metabolites, leading to an increase in 

biological availability of 1,25-dihydroxyvitamin D in infected tissues.
[33]

 However, Wejse et 

al. found no effect of supplementation on disease outcome.
[34]

 The study addressed the use of 

100,000 IU of vitamin D given as an adjunctive treatment at the time of commencement of 

anti-TB therapy, and again at 5 and 8 months after starting treatment. The authors note that 

the dose may have been insufficient, and the response to vitamin D dependent on the immune 

status of the individual patient.  

 

Another interesting finding our study was that though the baseline serum vitamin D value 

was not significantly differ among the two groups but after 6 month complete course of ATT 

in pulmonary tuberculosis vitamin D concentration was significantly low in TB receiving 

only ATT than patient taking ATT along with perenteral vitamin D. Some previous reports 

have also shown a definite decline in vitamin D levels after prolonged TB treatment
[13-15,35]

 

which is in agreement with the present findings. The decline in vitamin D levels with 

treatment may be explained by enhanced vitamin D metabolism due to the influence of two 

of the standard first-line anti-tuberculosis drugs, isoniazid and rifampicin on cytochrome 

P450 activity.
[36,37]

 Isoniazid reduces 25[OH]D and 1,25[OH]2D concentrations by the 

inhibition of 25-hydroxylase, as has been shown in vitro studies, animal studies and human 

volunteers.
[36,38,39]

 Rifampicin is a strong inducer of CYP3A4. Induction of these enzymes 

increases the enzymatic conversion of 25[OH]D to the inactive metabolite 24,25[OH]2D and 

results in decreased 25[OH]D and 1,25[OH]2D concentrations, as shown in studies in human 

volunteers.
[40,41]

 Combined use of Isoniazid (INH) and rifampicin reduces 25[OH] D and 

1,25[OH]2D concentrations in both human volunteers and TB patients. That may be one of 

important reason of delayed clinical and sputum conversion. Vitamin D supplementation 

elevates circulating calcitriol concentrations, and may therefore enhance response to 

antimicrobial therapy for respiratory infections. 
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5. CONCLUSION 

This study proposes that high dose vitamin D supplementation can lead to a more marked 

clinical recovery as well as sputum clearance in all patients with pulmonary TB. 
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