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Abstract
Background: Vitamin D was used in tuberculosis management in the pre-antibiotic era. Vitamin D
deficiency has been implicated in activation of TB. A meta-analysis published has shown the association of
vitamin D deficiency with two-fold higher risk of active TB and certain studies had also demonstrated that
vitamin D supplementation in TB patients is associated with faster clinical and radiological improvement
and sputum smear conversion.
Aim: To assess the serum vitamin D levels among the patients with pulmonary tuberculosis and its
association with the severity of the disease.
Methodology: A cross-sectional study was conducted for a period of one year in Government medical
college hospital, Salem. A total of 300 patients with pulmonary tuberculosis confirmed by sputum AFB were
included in the study. The vitamin D status of study participants was interpreted based on the serum 25-
(OH) Vitamin D concentration following the manufacturer’s instructions as deficient (<20 ng/ml),
insufficient (20-29 ng/ml), sufficient (30-100 ng/ml) and potential toxicity (>100 ng/ml).
Results: Vitamin D levels were found to be normal in 34% of the subjects and it was insufficient in 11% and
found to be deficit in 55% of the study subjects. Multi-logistic regression analysis was applied to identify the
factors influencing deficiency of vitamin D among the patients with tuberculosis among males and females.
It was proved that age more than 30 years , female gender, sputum results showing 1+ or more, BMI <18.5
and patients with various co-morbidities found to have statistical significant association with reduction in
the vitamin D levels among patients with tuberculosis.
Conclusion: Considering the high prevalence of vitamin D deficiency, the present study implicates that
further follow-up studies are warranted to determine whether vitamin D supplementation can have a role in
the prevention and treatment of tuberculosis.
Keywords: vitamin D, pulmonary tuberculosis, prevalence, multi-logistic regression.

Introduction It is most commonly seen in developing countries
Tuberculosis is a major communicable disease and due to poverty, malnutrition and economic
a disease of poor. It’s a worldwide health problem. recession. India accounts for one fourth of the
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global TB burden. In 2015, an estimated 28 lakhs
cases occurred and 4.8 lakhs people died due to
TB. India has highest burden of both TB and
MDR TB based on estimates reported in Global
TB Report 2016. An estimated 1.3 lakhs incident
multi-drug resistant TB patients emerge annually
in India which includes 79000 MDR-TB Patients
estimates among notified pulmonary cases. India
bears second highest number of estimated HIV
associated TB in the world. An estimated 1.1 lakh
HIV associated TB occurred in 2015 and 37,000
estimated number of patients died among them.*
The host susceptibility to TB infection depends on
a complex interaction between host, bacterial as
well as environmental factors, such as poverty,
malnutrition, overcrowding, and exposure to other
pathogens.?® In addition to these factors, genetic
factors, such as polymorphisms in the interleukin-
1 (IL-1) gene cluster and mannose-binding lectin
have been shown to influence host susceptibility
to TB.* Cell-mediated immunity is important for
host protection against mycobacteria infection.”
Vitamin D is a fat soluble vitamin. Several studies
showed that vitamin D reduces the risk of about
17 types of cancers, auto immune diseases like
asthma, multiple sclerosis, rheumatoid arthritis,
bacterial  infections like dental carries,
periodontitis, septicemia, viral infections like
Epstein-Barr virus, respiratory tract infections,
cardio vascular diseases like coronary heart
disease, hypertension, diabetes, hyper
cholesterolemia, neurological illness like stroke,
Alzheimer’s dementia, depression, o0steopOrosis
thereby it reduces the overall morbidity, mortality
along with longer life expectancy.®

Vitamin D plays an important role in activation of
1 a- hydroxylase enzyme to convert 25(OH) D to
its active form [1, 25 (OH) 2D] that leads to
expression of cathelicidin, a microbicidal peptide
for Mycobacterium tuberculosis. Stimulation of
Toll-like receptors (TLRs) on monocytes and
macrophages by mycobacterium tuberculosis
antigens leads to an up-regulation of Vitamin D
receptors. Binding of 1, 25(OH) 2D3 activates

vitamin D receptors and induces cathelicidin-
mediated killing of Mycobacteria.

Interferon gamma is a pro inflammatory cytokine,
which plays a critical role in resistance to
mycobacterium tuberculosis infection.” Infection
with mycobacterium tuberculosis induces T
lymphocytes, natural killer cells and alveolar
macrophages to express interferon gamma and
induces interferon driven monokines that regulate
granuloma formation. IFN-g responses have been
shown to be depressed in patients with advanced
forms of tuberculosis. Significant improvement in
MTBs induced IFN-g responses after 12 weeks of
Anti  tuberculosis treatment in vitamin D
‘Deficient”  patients  who
hydroxyvitamin.®

Vitamin D was used in tuberculosis management
in the pre-antibiotic era. Vitamin D deficiency has
been implicated in activation of TB. A meta-
analysis published has shown the association of
vitamin D deficiency with two-fold higher risk of
active TB.® Marineau et al showed that a single
dose of 0.25 mg oral vitamin D significantly
enhanced the immunity among TB contacts for six
weeks.'? Certain studies demonstrated that vitamin
D supplementation in TB patients is associated
with faster clinical and radiological improvement
and sputum smear conversion.! Lower vitamin D
level was reported to be associated with a higher
risk of developing active  pulmonary
tuberculosis.*? The role of vitamin D in modifying
the treatment course of pulmonary tuberculosis is
still a matter of debate.™***

received 25-

Aim

To assess the serum vitamin D levels among the
patients with pulmonary tuberculosis and its
association with the severity of the disease.

Methodology

A cross-sectional study was conducted for a
period of one year in Government medical college
hospital, Salem. The study was started after
getting the clearance from the institutional ethical
committee and the informed consent was obtained
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from all the patients recruited for the study. A
total of 300 patients were included in the study.
Patients with chronic liver disease, kidney disease,
patients on steroid therapy or on epileptic drugs,
patients with associated chronic co-morbidity like
diabetes, hypertension and patients with HIV
infection were excluded from the study. A detailed
history related to socio-demographic characteri-
stics, symptoms and personal history were elicited
from the patient and a complete general physical
examination and systemic examination was
conducted and the abnormalities were noted.
Patient’s sputum was sent for AFB examination
and it was done by ziehl-neelson acid fast stain
using standard microscopic examination. Routine
blood examinations for monitoring blood sugar,
renal function, liver function and ELISA were
done to rule out HIV. Serum samples were
separated by centrifugation and  frozen
immediately at —20 °C. Serum 25 OH Vitamin D
levels were measured using a VIDAS 25 OH
Vitamin D Total testing kits (Biomerieux, Marcy
I’Etoile, France) on mini VIDAS automated
immunoassay platform. VIDAS 25 OH Vitamin D
Total is a quantitative test using Enzyme Linked
Fluorescent Assay (ELFA) technology. The
vitamin D status of study participants was
interpreted based on the serum 25-(OH) Vitamin
D concentration following the manufacturer’s
instructions as deficient (<20 ng/ml), insufficient
(20-29 ng/ml), sufficient (30-100 ng/ml) and
potential toxicity (>100 ng/ml). The VIDAS 25-
OH Vitamin D Total assay showed excellent
performance  with correlation of r=0.93
compared with the reference standard liquid
chromatography/mass spectrometry methods (LC—
MS/MS)."

Data were entered and analysed using SPSS
version 21. Chi-square test was used to assess the
association between two categorical variables.
Multiple logistic regression analysis was used to
assess the factors influencing vitamin D
deficiency among the tuberculosis patients
considering p value <.05 to be statistically
significant.

Results

The age wise distribution of the study subjects
shows that majority of the subjects both in males
and females were in the age group between 40 and
60 years and the mean age was 42.6 years and the
male: female ratio was 1.27: 1 (table 1). Vitamin
D levels was found to be normal in 34% of the
subjects and it was insufficient (20-29 ng/ml) in
11% and found to be deficit (<20 ng/ml) in 55%
of the study subjects (table 2). Grading of the
sputum AFB shows that only 9% of the subjects
had scanty sputum and majority of the subjects
(43%) had sputum 3+ results and the remaining
had sputum results as 1+ or 2+ (table 3). The
BMI status of the study subjects shows that
majority (69%) of them had BMI <18.5 and only
3% of the subjects were obese or overweight with
a BMI of more than 30 (table 4). The prevalence
of co-morbidity among the patients with
tuberculosis was 30.3% with majority of them
were having either diabetes or hypertension and
the other less common co-morbid conditions were
coronary artery disease, cerebrovascular disease
and obesity (table 5). Multi-logistic regression
analysis was applied to identify the factors
influencing deficiency of vitamin D among the
patients with tuberculosis among males and
females. It was proved that age more than 30 years
, female gender, sputum results showing 1+ or
more, BMI <18.5 and patients with various co-
morbidities found to have statistical significant
association with reduction in the vitamin D levels
among patients with tuberculosis (table6).
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Table 1: Age and sex wise distribution of the study subjects

Age group Male Female Total P value
<20 9 (5.3%) 2 (1.5%) 11 (3.6%) 0.418
20-30 18 (10.7%) 16 (12.1%) 34 (11.3%)
31-40 30 (17.8%) 19 (14.3%) 49 (16.3%)
41 -50 42 (25%) 41 (31%) 83 (27.6%)
51 -60 41 (24.4%) 38 (28.7%) 79 (26.3%)
>60 28 (16.6%) 16 (12.1%) 44 (14.6%)
Total 168 (100%) 132 (100%) 300 (100%)
Mean + SD 416+7.8 43.8+8.2 42,6 £6.8
P value derived by applying chi-square test
Table 2: Vitamin D levels among the study subjects
Vitamin D levels Frequency Percentage
Normal (30 -100ng/ml) 102 34%
Insufficient (20 — 29ng/ml) 33 11%
Deficit (<20ng/ml) 165 55%
Total 300 100%

Table 3: Distribution of the study subjects based on their sputum AFB results

Sputum AFB results Frequency Percentage
Scanty 24 9%
1+ 75 25%
2+ 72 24%
3+ 129 43%
Total 300 100%
Table 4: BMI status of the study subjects

BMI Frequency Percentage

<185 207 69%

18.5-24.9 57 19%

25-29.9 27 9%

>30 9 3%

Total 300 100%

Table 5: Distribution of the study subjects based on the various associated co-morbidities

Co-morbidities Frequency Percentage
Diabetes 29 9.6%
Hypertension 41 13.6%
CAD 7 2.3%
CVA 5 1.6%
Obesity 9 3%
Total 91 30.3%

Table 6: Multi-logistic regression analysis for factors influencing vitamin D deficiency among TB patients

Factor Vitamin D levels OR 95% ClI P value
Deficient (<20ng/ml) Not deficient (>20
(n=165) ng/ml) (n=135)
Age <30 (n=45) 12 (7.2%) 33 (24.4%)
>30 (n=255) 153 (92.7%) 102 (75.6%) 345 | 3.1-4.02 <.001
Gender Male (n=168) 74 (44.8%) 94 (69.6%)
Female (n=132) 91 (55.2%) 41 (30.4%) 2.81 22-35 <.001
Sputum </=1+ (n=99) 21 (12.7%) 78 (57.7%)
>1+ (n=201) 144 (87.3%) 57 (42.3%) 491 | 45-546 <.001
BMI <18.5 (n=207) 142 (86%) 65 (48.1%) 357 | 28-432 | <001
>18.5 (n=93) 23 (14%) 70 (51.9%)
Comorbidities Present (n=91) 74 (44.8%) 17 (12.5%) 279 | 25-3.36 <.001
Absent (n=209) 91 (55.2%) 118 (87.5%)
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Discussion

In recent years Vitamin D has received attention
as an important field of research. Many
randomised controlled trials which  were
conducted earlier had shown both types of results
few studies had shown association between TB
and vitamin D levels and few of them with
conflicting results. Vitamin D plays an important
immune-modulatory role in both innate and
adaptive immunity. A meta-analysis study had
shown a two-fold increased risk of active TB in
individuals with vitamin D deficiency'® and
another study by Sasidharan PK et al from India
demonstrated significant vitamin D deficiency in
patients with active tuberculosis.*’

Further substantiating our results a study done by
B Yuvaraj etal'® on adult population and a study
done by Khandelwal etal®® among children had
proved a strong association between decreased
vitamin D levels with an increase sputum AFB
load in patients with tuberculosis. A retrospective
study conducted on Indian children with intra-
thoracic tuberculosis had demonstrated low serum
25-hydroxyvitamin D levels.*Studies conducted
outside India had also proven association between
vitamin D deficiency and tuberculosis. A cohort
study conducted in Pakistan found that vitamin D
deficiency is associated with progression of latent
TB to active disease in healthy household
contacts.?> A study done in China by Wei-Wei
Gao et al found that patients with pulmonary
tuberculosis had lower 1, 25-dihydroxyvitamin D
concentrations than the healthy controls.?” A study
done on adult TB patients in Vietnam by Ho-
Pham et al showed the prevalence of vitamin D
deficiency in 35.4 and 45.3 percent of males and
females respectively.?®

In our study after controlling for potential
confounders  using  multivariable  logistic
regression model, low BMI level and being
positive for TB were significant predictors of
severe vitamin D deficiency. Similar to the current
study, reports from Tanzania,®* Uganda® and
Malawi®® show that a low BMI, high sputum
positivity and associated co-morbidities were

associated with Vitamin D deficiency in TB
patients. This may be explained as patients with
low BMI and poor immune response usually have
a little adipose tissue so they are unable to store
vitamin D, and they have no reserves when there
is poor dietary intake of foods that are rich with
vitamin D. More TB patients were unemployed,
which indicated a potential lower socioeconomic
status of TB patients. It has been suggested that
vitamin D deficiency in TB patients might lead to
impaired immune control of mycobacteria.””?® In
line with this, we found that TB was
independently associated with severe vitamin D
deficiency. Our results are consistent with studies
indicating vitamin D deficiency as a risk factor for
developing tuberculosis.?®

Sunlight being an important source of vitamin D,
and sun exposure in India is usually higher when
compared to other western countries and so the
serum vitamin D level of our study subjects was
found to be much lower when compared to
subjects in Greenland® and West London®" which
might be due to differences in skin pigmentation,
as melanin efficiently absorbs UVB radiation and
dark skin persons require 3 to 4 times longer sun
exposure. Many studies have reported that the
prevalence of vitamin D deficiency in tuberculosis
patients varies depending on the season®” although
our study was carried out during the sunny
months; the vitamin D deficiency was still
common in TB patients in the current study. One
of the major limitations of our study which is
similar to few other studies is that a direct causal
relationship between low vitamin D levels and the
risk of developing TB needs further investigation
with higher number of study subjects.

Conclusion

High prevalence of vitamin D deficiency was
found among newly diagnosed TB patients.
Factors such as low body mass index, high sputum
positivity, associated co-morbidities and female
gender had shown a strong association for vitamin
D deficiency among TB patients. Considering the
high prevalence of vitamin D deficiency, the
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present study implicates that further follow-up
studies are warranted to determine whether
vitamin D supplementation can have a role in the
prevention and treatment of tuberculosis.

References

1.

Magnitude of TB in India. Annual report
of TB India 2017. Central TB Division.
Directorate General of Health Services.
Ministry of Health and Family welfare.
Nirman Bhavan. www.tbcindia.gov.in
Nardell EA. Environmental control of
tuberculosis. Med Clin  North  Am.
1993;77:1315-34. doi: 10.1016/S0025-
7125(16)30196-1.

Borkow G, Weisman Z, Leng Q, Stein M,
Kalinkovich A, et al. Helminths, human
immunodeficiency virus and tuberculosis.
Scand J Infect Dis. 2001;33:568-71. doi:
10.1080/00365540110026656.

Kramnik 1, Dietrich WF, Demant P,
Bloom BR. Genetic control of resistance to
experimental infection with virulent
Mycobacterium tuberculosis. Proc Natl
AcadSci U S A. 2000;97:8560-5. doi:
10.1073/pnas.150227197.

Rook GA, Zumla A. Advances in immune-
pathogenesis of pulmonary tuberculosis.
CurrOpinPulm Med. 2001;7:116-23. doi:
10.1097/00063198-200105000-00002.
Holick Michael F. Vitamin D physiology,
molecular biology and clinical
applications. Springer science and business
media ; 2010, 2nd edition ,p748-757.

Liu PT, Stenger S, Li H, Wenzel L, Tan
BH, Krutzik SR, et al. Toll like Receptor
triggering of a vitamin D—mediated human
antimicrobial Response. Science. 2006;
311:1770-3. DOI:
10.1126/science.1123933.

A.R. Martineau, K.A. Wilkinson, S.M.
Newton. IFN-y- and TNF-independent
vitamin D-inducible human suppression of
mycobacteria: the role of cathelicidin LL-
37.J. Immunol., 178 (2007), pp 7190-7198

10.

11.

12.

13.

14.

15.

16.

17.

18.

Selvaraj P, Anand SP, Harishankar M, et
al. Plasma 1, 25 dihydroxy vitamin D(3)
level and expression of vitamin d receptor
and cathelicidin in pulmonary tuberculosis.
J Clinlimmunol 2009;29(4):470-8.
Martineau AR, Wilkinson RJ, Wilkinson
KA, et al. A single dose of vitamin D
enhances immunity to mycobacteria. Am J
RespirCrit Care Med 2007;176(2):208-13.
Morcos MM, Gabr AA, Samuel S, et al.
Vitamin D administration to tuberculous
children and its value. Boll Chim Farm
1998;137(5):157-64.

K.E. Nnoaham, A. ClarkeLow serum
vitamin D levels and tuberculosis: a
systematic review and meta-analysis. Int.
J. Epidemiol., 37 (2008), pp. 113-119

C. Wejse, V.F. Gomes, P. RabnaVitamin
D as supplementary treatment for
tuberculosis: a double-blind, randomized,
placebo controlled trial. Am. J. Respir.
Crit. Care Med., 179 (2009), pp. 843-850
E.W. Nursyam, Z. Amin, C.M. Rumende
The effect of vitamin D as supplementary
treatment in patients with moderately
advanced pulmonary tuberculous lesion.
Acta Med. Indonesia, 38 (2006), pp. 3-5
Moreau E, Bacher S, Mery S, Le Goff C,
Piga N, Vogeser M, Hausmann M,
Cavalier E. Performance characteristics of
the VIDAS® 25-OH Vitamin D Total
assay comparison with four immunoassays
and two liquid chromatography-tandem
mass spectrometry methods in a multi-
centric study. ClinChem Lab Med. 2015.
Selvaraj P, Anand SP, Harishankar M, et
al. Plasma 1, 25 dihydroxy vitamin D(3)
level and expression of vitamin d receptor
and cathelicidin in pulmonary tuberculosis.
J Clinimmunol 2009;29(4):470-8.
Sasidharan PK, Rajeev E, Vijayakumari V.
Tuberculosis and vitamin D deficiency. J
Assoc Physicians India 2002;50:554-8.
Yuvaraj B, Sridhar MG, Vinod KS, et al.
Association of serum vitamin D levels

Dr V Ramkumar et al IMSCR Volume 06 Issue 01 January 2018

Page 31979



http://www.tbcindia.gov.in/

19.

20.

21.

22,

23.

24,

25.

26.

with  bacterial load in pulmonary
tuberculosis patients. TubercRespir Dis
(Seoul) 2016;79(3):153-7.

Khandelwal D, Gupta N, Mukherjee A, et
al. Vitamin D levels in Indian children
with intrathoracic tuberculosis. Indian J
Med Res 2014;140(4):531-7.

Daley P, Jagannathan V, John KR, et al.
Adjunctive vitamin D for treatment of
active tuberculosis in India: a randomised,
double-blind,  placebo-controlled  trial.
Lancet Infect Dis 2015;15(5):528-34.

Talat N, Perry S, Parsonnet J, et al.
Vitamin D deficiency and tuberculosis
progression. Emerg Infect Dis
2010;16(5):853-5.

Gao WW, Wang Y, Zhang XR, et al.
Levels of 1, 25(OH)2D3 for patients with
pulmonary tuberculosis and correlations of
1,25(0H)2D3 with the clinical features of
TB. J Thorac Dis 2014;6(6):760-4.
Ho-Pham L, Nguyen D, Nguyen TT, et al.
Association between vitamin D insuffici-
ency and tuberculosis in a vietnamese
population. BMC Infect Dis 2010;10:306.

Friis H, Range N, Pedersen M.
Hypovitaminosis D is common among
pulmonary  tuberculosis  patients in

Tanzania but is not explained by the acute
phase response. J Nutr. 2008;138:2474-80.
doi: 10.3945/jn.108.094979.

Davis K, Edrisa M, Richard S, William W.
Vitamin D deficiency among adult patients
with tuberculosis: a cross sectional study
from a national referral hospital in
Uganda. BMC Res Notes. 2013;6:293. doi:
10.1186/1756-0500-6-293.

Banda R, Mhemedi B, Allain T.
Prevalence of vitamin D deficiency in
adult tuberculosis patients at a central
hospital in Malawi. Int J Tuberc Lung Dis.
2010;15(3):408-10.

27.

28.

29.

30.

31.

32.

Rowle AJ, Ross EJ. Inhibition by
1,25(0OH)2-vitaminD3 of the
multiplication of virulent tubercle bacilli in
cultured human macrophages. Infect
Immun. 1987;55:2945-50.

Liu PT, Stenger S, Li H. Toll-like receptor
triggering of a vitamin D mediated human
antimicrobial response. J Immunol. 2007,
179:2060-3. doi:
10.4049/jimmunol.179.4.2060.

Martineau A. Old wine in new bottles:
vitamin D in the treatment and prevention
of tuberculosis. Proc Nutr Soc. 2012;
71:84-9. doi:
10.1017/S0029665111003326.

Nielsen NO, Skifte T, Andersson M,
Wohlfahrt J, Soborg B, Koch A. Both high
and low serum vitamin D concentrations
are associated with tuberculosis: a case-
control study in Greenland. Br J Nutr.
2010;104:1487-91. doi:
10.1017/S0007114510002333.
Ustianowskia A, Shaffera R, Collinb S,
Wilkinsona RJ, Davidsona RN. Prevalence
and associations of vitamin D deficiency in
foreign-born persons with tuberculosis in
London. J Infect. 2005;50:432—7. doi:
10.1016/j.jinf.2004.07.006.

Martineau AR, Nhamoyebonde S, Oni T,
Rangaka MX, Marais S, et al. Reciprocal
seasonal variation in vitamin D status and
tuberculosis notifications in Cape Town,
South Africa. ProcNatlAcadSci U S A.
2011;108(47):19013-7. doi:
10.1073/pnas.1111825108.

Dr V Ramkumar et al IMSCR Volume 06 Issue 01 January 2018

Page 31980




