World Journal of Pharmaceutical research

Volum 2, 2542-2556 Research Ar

CHRONIC ASTHMA IS ASSOCIATED WITH LOW LEVELSOF
VITAMIN D |

Dr.Subinay Datta’, Dr.Ritabrata Mitra?, *Dr.Mrinal Pal*

'Department of Biochemistry, Burdwan Medical College, Burdwan, West Bengal, India
Department of Pulmonary Medicine, IPGMER, Kolkata, West Bengal, India.

Article Received on -% ABSTRACT

06 January 2014, Introduction: asthmatic patients may be at increased risk for vitamin
Revised on 37 January2014,

Accepted on 27 February 3 D deficiency, but risk factors for deficiency among these patients have
2014
not been extensively reported. Methods: Serum 25(OH)D was

estimated by enhanced chemiluminescent assay in subjects aged 20-60

*Correspondence for years from Burdwan Medical College, Burdwan, West Bengal, India,
A including 552 asthmatic patients and 521 controls. Levels 20 ng/ml
Dr. Mrinal Pal

— defined deficiency. Season, sex, age, diets, body complexion, body
Biochemistry, Burdwan mass index (BMI), smoking, comorbidities (Charlson score), were
Medical College, Burdwan, examined for associations with 25(OH)D in both linear and logistic
West Bengal, India.  regression models. Results: Asthmatic patients had an increased risk

for vitamin D deficiency compared to controls after adjustment for age,
smoking and BMI, season, diet, skin complexion. Variables associated with lower 25(OH)D
levels in adsthmatic patients were obesity ( -6.65), current smoking ( -4.09), Vegetarian (-
3.94), dark skin complexion (-1.58) and depression ( -3.26). Summertime decreased the risk
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1. INTRODUCTION

Asthma represents one of the most common chronic diseases and is a major public health
problem worldwide. [1] In the majority of patients control of asthma as defined by guidelines
can be achieved with long-term maintenance medications. [1] However, a substantial

proportion of patients do not achieve optimal asthma control despite even high dose
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treatment. In particular inadequately controlled patients with severe persistent asthma are at
high risk of severe exacerbations and asthma-related mortality. These patients represent the
greatest unmet medical need among the asthmatic population today.

Several recent studies in different populations have associated a deficiency in vitamin D with
increased risk of asthma.[2-6] However, these findings cannot be considered conclusive since
the association may be confounded by important variables, such as smoking and sunlight
exposure, which were not accounted for in the analysis. So, present study was conducted to
compare levels of vitamin D in asthmatic patients and age and sex-matched controls and to
investigate the association between important confounding factors with plasma circulation

level of vitamin D in asthma.

As 25 — hydroxyvitamin D (25-OHD) is the principal circulating vitamin D metabolite and
recognised as the best short-term biomarker of total exposure to vitamin D, [7] 25-OHP was
measured in asthmatic patients to detect vitamin D status.

2. MATERIAL AND METHODS

2.1 Study area

The present study was conducted in the department of Biochemistry with the collaboration of
department of Medicine 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 diagnosed with asthma
who attended Burdwan Medical College of Burdwan district were selected as case and 617
subjects having no asthma as age and sex-matched control by simple random sampling after
informed consent had been received between February 2011 and October 2013. The subjects
were diagnosed according to the Global Initiative for Asthma (GINA) criteria: 1) a
physician’s diagnosis of asthma, 2) symptoms of recurrent (i.e. more than two) episodes of
wheezing, cough, shortness of breath, or a combination of these, 3) documented reversibility
with bronchodilators, and 4) symptoms of and/or use of medication for asthma in the
previous six months [8]. They were divided into Mild intermittent, Mild persistent, Moderate
persistent and severe persistent using same guideline. Based on clinical history taking and
clinical records, patients with human immunodeficiency virus (HIV) infection, hepatic
disease, renal failure, malignancy, diabetes mellitus, pregnancy, sarcoidosis,
hyperparathyroidism or those taking any corticosteroids, immunosuppressive agents, thiazide
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diuretics or drugs known to interfere with vitamin D levels (phenytoin, phenobarbital,
carbamazepine, theophylline) were excluded from the study. Asthma diagnosis was made
based on the patients symptoms plus objective evidence from pulmonary function tests

according to the criteria defined by the American thoracic Society in 1987.

2.4 Pulmonary function tests

Pulmonary function was measured both pre-and post-inhalation of 0.4 mg salbutamol, on a
spirometer (HELIOS 401) by trained study staff. As the FEV; is the most reproducible lung
function test parameter therefore is best adopted to assessment of large group of people.
Spirometric values were post-bronchodilator measurements, and absolute values were

expressed as percentage predicted of reference values.[9]

2.5Anthropometric measurements

Weight and height measurements were obtained, using standardized technique.[10] BMI was
calculated as the weight in kilograms divided by the square of height in meters. Body mass
index (BM1) was calculated as the weight (kg) divided by the square of height (m?), and was
categorized as underweight (BMI < 18.5), normal (BMI 18.5-24.99), overweight (BMI 25.0-
29.99), and obese (BMI 30.0 or more) according to the current World Health Organization
(WHO) classification.

2.6 Categorization of Comorbidities
Comorbidities were categorized using the Charlson Comorbidity Index (CCl).[11]

2.7 Measurement of depression symptomatology
Depressive symptomatology was measured using the Centre for Epidemiologic Studies
Depression Scale (CES-D), where a positive score of 16 or more defined depression.[12]

2.8 Collection of samples
Peripheral venous blood was drawn 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°C and kept under these conditions until chemical analysis was performed.

2.9 Parameters assay
Serum 25(OH)D was estimated by enhanced chemiluminescent assay (ECI) using instrument
VITROS eci (Johnson &Johnson) & dedicated reagent.[13]
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2.10 Statistical analysis

The data for biochemical analysis was subjected to standard statistical analysis using the
Statistical Package for Social Science (SPSS) 11.5 software for windows. Serum
concentrations of 25(OH)D were normally distributed. Differences in mean 25(OH)D by
bivariate predictors were examined with parametrical tests. We analysed the relation between
study category and levels of 25(OH)D both by linear and logistic regression after adjusting
for possible confounders: age, sex, diet, skin complexion, season, BMI, smoking, and
comorbidities. A cut off level for vitamin D deficiency were defined as 20 ng/ml for the
logistic model. When building the regression models for the levels of vitamin D among
tuberculosis patients only, a backward stepwise method was used for both the linear and
logistic models. The following variables were included from the start: Age, sex, BMI,
comorbidity. Variables remained in the model if their significance level were less than 0.10.
After the first run, all excluded variables were reintroduced one at a time and retained in the
final model if their significance level were less than 0.10.

3. RESULT

3.1 The characteristics of the study population are shown in Table 1.

Personal profile and clinical details of the asthmatic patients and age, sex-matched control
population are shown in Table 1.Unpaired t-test was performed to compare the mean of

individual demographic profile.

Table 1 Personal profile and clinical details of healthy persons and patients suffering

from asthma

Controls Patients with
Demographic profiles (n=521) asthma p
(n=552)
Age (Years) 62.68+5.33 62.4+5.64 NS
Sex
Male (%) 297 (57) 319 (58) NS
Female (%) 225 (43) 233 (42)
BMI (Kg/m?) 26.40+3.45 22.62+3.51
<18.5 5(2) 22(4)
18.5-24.9 245(47) 315(57) S
25-30 193(37) 160(29)
> 30 78(15) 55(10)
Smoking habits
Never 115(22) 0(0) S
Ex-smoker 177(34) 259(47)
Current Smoker 229(44) 293(53)
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Pack-years 1 39(30-52) 47(33-63)
Quit-years t 1(0-8) 2(0-8)
Comorbidity, CCI score S
1 67 0
2 17 53
3 9 21
4 7 26
Depression, CES-D score S
>16
Yes 5 19
Season”
Winter 55 52
Spring 21 23 NS
Summer 16 15
Autumn 8 10
Pulmonary function tests
FEV1* 72.73+£3.19 50.92 +11.56
Dietary habits S
Vegetarian 286(54.89) 291(52.72) NS
Non-vegetarian 235(45.11) 261(47.28)
Skin complexion
Clear 77 85
Fair 181 198 NS
Black 263 269

Data are expressed as numbers (group percentages in parentheses) for categorical variables
and mean values + SD for continuous variables. When variables were not normally
distributed, median values (Q1-Q3 IQR in parentheses) are given instead (indicated by 1);

IQR means Interquartile range.

Pack-years were expressed as the numbers of packs of cigarette smoked per day X the
number of years the person has smoked.

Ex-smokers are those who have stopped smoking at least 1 year.

Quit-years were the number of years since a patient stopped smoking.

*Seasonal variation was defined as winter (December-March), spring (April-May), summer
(June-September), and autumn (October—-November).

*FEV1: Forced expiratory volume in 1 sec that is expressed in % of VC.

NS=p value is not significant; S=p value is statistically significant (p <0.05)

3.2 Distribution of concentration of serum 25(OH)D among study population
Among all the asthmatic patients studied, the median serum 25-hydroxyvitamin D level was

26 ng/ml. Based on changes in parathyroid hormone levels and intestinal calcium transport
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that have been noted that values of 20-30 ng/ml are considered vitamin D relative
insufficient,[14] deficient serum levels are < 20ng/ml,[13] desirable circulating vitamin D
level (OH)D) is 30 to 40 ng/ml.[14-16] But there are suggestions levels higher than 40 ng/ml
may be necessary for optimal immune functioning and overall health. [17-19] In present
study almost 53% of the tubercular patients studied had vitamin D levels in the insufficient

range, whereas near-about 9% was vitamin D deficient as shown in the Figure 1.
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Figure 1 Frequency distribution of serum 25(OH)D concentration in study population

suffering from asthma.

3.3 Factors associated with 25(OH)D in asthmatic patients and controls - bivariate
analysis

Concentrations of 25(OH)D among asthmatic patients and controls for different explanatory
variables are shown in Table 2. During unadjusted state, mean 25-OHD levels was differed
significantly between patients with asthma and healthy controls (27.36+6.84ng/ml in cases vs
35.25+3.5ng/ml in controls; p < 0.001). Among the cases and controls, obesity and
underweight, FEV1, seasonal variation, or depression all factors were associated with
significantly lower levels of serum 25(OH)D.
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Table 2. Serum concentration of 25(OH)D in ng/ml, for different potential explanatory

variables in patients suffering from asthma and controls

Baseline
characteristics of the Control Asthma
study sample
. MeanzSD
Mean+SD [25(OH)D in p value [25(OH)D in p value
ng/ml]
ng/ml]
35.25+3.5 27.3616.84
Sex
Male 35+3.12 0.43 27 £6.89 0.35
Female 35.60+3.97 27.85+6.76
BMI(Kg/m?)
<185 33.56+2.67 20.7+9.8
18.5-24.9 40.86+5.54 0.245 31.87+7.93 0.001
25-30 35.46+8.94 33.9346.31
>30 30.6745.93 26.21+8.75
Smoking habits
Never 41.56+9.28 0.014 0.012
Current smoker 28.84+7.58 ' 25.23+9.56
Ex-smoker 33.13+10.48 28.73+10.26
FEV1 34.84 £5.52 27.28+9.91*
Depression
Yes 25.9749.96 0.019
No 29.3247.32
Season
Winter 33.61+9.25 23.4546.29
Spring 37.3645.37 0.017 20.2848.16 0.001
Summer 39.3746.26 27.959.74
Autumn 34.62+8.47 21.5448.35
Comorbidity
<2 28.85+11.34 0.04
>2 26.59+7.36
Food habits
Vegetarian 27.95+3.23 0.002 27.23+3.98 0.009
Non-vegetarian 32.78+4.78 30.27+3.84
Complexion
Clear 33+7.21 31.8946.23
Fair 31.56+6.34 0037 | 29451435 | 0043
Black 27.97+3.72 27.02+3.76

*p<0.05(Statistically significant)

Current smoking and co-morbidity were significantly associated with lower levels of serum

25(0OH)D in both groups. High BMI and under-weight both were significantly negative
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correlated with serum vitamin D concentration in both cases and controls as shown in the
Table 3.

Table 3 Bivarient correlation between continuous baseline predictors and baseline
serum concentration of 25(OH)D in asthma and control

Vggz?)blle)sDof Control Asthma
Pearson’s correlation p Pearson’s correlation p
Body complexion 0.765 0.032 0.671 0.011
Dietary habits 0.964 0.018 0.817 0.007
FEV1 0.064 0.276 0.966 0.016
BMI
<18.5 -0.375 0.034 -0.805 0.038
18.5-24.9 0.071 0.086 0.14 0.092
25-30 0.052 0.181 0.10 0.121
>30 -0.25 0.011 -0.842 0.041
Co-morbidies 0.456 0.017
Smoking -0.957 0.013 -0.924 0.024
Depression (CES-

D score>16 -0.948 0.018

p<0.05(Statistically significant)

3.3 Difference in Estimated Risk for Vitamin D Deficiency: Asthma vs. Controls

To difference in estimated risk for Vitamin D deficiency of asthma vs. controls, it was found
that astham was associated with lower levels of 25(OH)D ( Coefficient = 4.34, p< 0.001) and
a more than doubled risk of being categorised as deficient (OR =2.32, p= 0.001), after
adjustment for sex, age, BMI, smoking, comorbidities and season (Table 4).

Table 4 Regression coefficients for the relationship between subject status and serum
levels of 25(OH)D, adjusted for sex, age, BMI, smoking, comorbidities and season.

25(OH)D * 25(0OH)D* (<20 ng/ml)
Study Coefficient | CI p OR Cl p
category
Controls 0 1
Asthma -4.34 -6.31, <0.001 2.23 1.43,2.75 |0.001
-2.37)

" Linear regression model

*Logistic regression model
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3.4 Factors Associated with 25(OH)D in asthma patients - Multivariate Analysis
To demonstrate the role of lung function, obesity, smoking, and season in reduction of serum
vitamin D, multiple regression analysis was performed and it was found that mean levels of

25(0OH)D remain reduced in serum even after adjustment as shown in the table 5.

Table 5. Multiple linear regression and logistic regression analysis showing the

relationship between baseline predictors and serum levels of 25(OH)D in asthmatic

patients.
Explanatory 25(0OH)D 25(0OH)D <20 ng/ml
e —
variables Coeer‘:'c' 95% Cl | pvalue OR | 95%Cl | pvalue
BMI(Kg/m?) -0.38 '9'0515’ <0.001 1.03 1'10‘1‘§° 0.007
-6.56 to 1.36 0.57 to
<18.5 -2.78 1.09 0.12 3.89 0.42
1
18.5-24.9 0
-3.75to 1.04 0.56 to
25-30 -1.56 0.68 0.15 199 0.7
-9.65 to 4.18 1.94 to
>30 -6.65 1365 <0.001 9.03 <0.001
pih : ]
Spring 3.23 'Oéofzto 0.051 0.74 0'13g§° 0.41
4.32to 0.24 0.12 to
Summer 7.03 9.45 <0.001 0.45 <0.001
-1.75to 0.58 0.21to
Autumn 2.74 712 0.22 165 0.28
Depression (CES-D
score >16
Yes -3.26 -5.79to 1.72
-0.81 0.006 0'3837t° 0.078
No 0 1 '
Smoking
Ex 0 1
-6.15to 1.78 to
Current -4.09 193 <0.001 3.18 537 <0.001
Comorbidity
<2 0 1
>2 0.148 0.139to <0.001 5.32 1.67to | <0.001
0.157 9.75
Dietary habits
Non-vegetarian 0 1
Vegetarian -3.94 -4.89 t0 0.002 2.98 1.12to | <0.001
-3.12 3.47
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Body complexion
Clear 0 1
Fair 2.95 -0.45to 0.28 0.43 0.22to 0.12
5.56 0.69
Black -0.158 -0.96 to <0.001 4.92 2.87to0 | <0.001
-0.194 6.23

Cl = Confidence interval; p value is statistically significant (p <0.05)

4. DISCUSSION

Evidence is increasing that suggests an expanded role for vitamin D in health outcomes apart
from its classic actions on the gut and bone.[20] These include modulation of a variety of
processes and regulatory systems including host defence, immunity, inflammation, and
repair.[21] Several lung diseases, all inflammatory in nature, may be related to activities of
vitamin D including asthma. [22,23] As vitamin D status measured by circulating 25-(OH)D
reflects the dynamic equilibrium between vitamin D synthesis in the skin by sun exposure,
vitamin D intake via food or dietary supplements and vitamin D degradation by catabolising
enzymes, [24] this study demonstrated that prevalence of vitamin D deficiency as assessed by
25(0H)D level in serum, was high in patients suffering from asthma as shown in previous
study, [25] even after adjustment for potential confounder such as season, age, smoking,

comorbidities, and BMI.

Cigarette smoking is a potential explanatory variable of vitamin D and is the most important
single causal factor for hypovitaminosis D. In this study, it was found that serum vitamin D
concentration was reduced significantly in both cases and controls, as smoking induces
increased skin ageing [24] and leads to reduced capacity of aging skin for vitamin D
synthesis.[21]

Season was a strong explanatory variable of 25(OH)D levels, and relatively more patients
than controls were examined during spring in our study sample as in recent study.[26] The
decreased vitamin D levels in the spring are thought to follow reduced sun exposure during
winter months as the circulating form of vitamin D, 25-hydroxyvitamin D has an average
half-life of 2-8 weeks.[27-30]

Dietary factors also appear to influence vitamin D status and susceptibility to asthma. The
fear of allergic reaction against diet enriched with vitamin D might be reason in this area.

Increasing the melanin in human skin increases the length of exposure to UV light that is
needed to maximize synthesis of previtamin D3.[31] Deeply melanised skins become
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nonadaptive under conditions where the concentration of melanin is too high to permit
sufficient amounts of vitamin D3 precursor to be synthesized in the skin under conditions of
available UV radiation.[32-34], If the duration of UV exposure is not sufficient to catalyze
previtamin D3 synthesis, individuals are at much higher risk of vitamin D deficiency and its

manifestations as has been demonstrated by one previous study.[35]

Adiposity has in previous studies been a significant predictor of low levels of vitamin D in
both asthmatic patients and subjects without asthma. [36] Obesity has been demonstrated to
increase asthma risk, [37] and one of the most significant effects of obesity in asthma relates
to its association with an impaired response to glucocorticosteroids. [38,39] Higher vitamin D
levels in adults with asthma are not only correlated with improved lung function and reduced
bronchial hyperresponsiveness, but also with an improved in vitro response to
glucocorticosteroids. [40] The present findings suggest that reduced 25(OH)D levels in
overweight and obese asthma patients may contribute to the reduced glucocorticosteroid

response in this population.

Several studies have found an increased prevalence of vitamin D deficiency in subjects with
depression [41,42] or depressive symptoms.[43] Patients with depression typically spend less
time outdoors and exhibit less physical activity. These factors are also associated with
asthma, and could confound a relationship between vitamin D deficiency and asthma.

Epidemiological and mechanistic evidence in humans indicates that vitamin D deficiency is
associated with many chronic diseases, such as cardiovascular disease, autoimmune disease,
cancer and chronic infections as in several previous studies.[44,14] However, evidence also
indicates that vitamin D may causally contribute to different chronic disorders.[45,46]

After adjustment of confounding factors of Vitamin D, it was clearly demonstrated that all

patients of asthma had low level of vitamin D in blood.

5. CONCLUSION
In conclusion, asthmatic patients had an increased risk for having vitamin D deficiency even
after adjustment for a large number of known and potential confounders of blood level of

vitamin D.

6. ACKNOWLEDGEMENT
Authors are thankful to Dr.Tarashankar Malik of Burdwan Medical College and Hospital for

technical support.

WWW.Wjpr.net Vol 3, Issue 2, 2014. 2552




Mrinal Pal et al. World Journal of Pharmaceutical Research i

REFERENCES

1. Global Initiative for Asthma: GINA Report, Global Strategy for Asthma Management and
Prevention - revised 2010. 2010. Available at: [www.ginasthma.org]

2. Brehm JM, Celedon JC, Soto-Quiros ME, Avila L, Hunninghake GM, Forno E, Laskey
D, Sylvia JS, Hollis BW, Weiss ST, Litonjua AA: Serum vitamin D levels and markers of
severity of childhood asthma in Costa Rica. Am J Respir Crit Care Med 2009, 179:765—
771. http://www.ncbi.nlm.nih.gov/pubmed/ 19179486.

3. Freishtat RJ, Igbal SF, Pillai DK, Klein CJ, Ryan LM, Benton AS, Teach SJ: High
prevalence of vitamin D deficiency among inner-city African American youth with
asthma in Washington, DC. J Pediatr 2010, 156:948-952. http://ac.els-cdn.com/
S0022347609012906/1-s2.0-S0022347609012906-main.

4. Brehm JM, Acosta-Perez E, Klei L, Roeder K, Barmada M, Boutaoui N, Forno E, Kelly
R, Paul K, Sylvia J, Litonjua AA, Cabana M, Alvarez M, Colon-Semidey A, Canino G,
Celedon JC: Vitamin D insufficiency and severe asthma exacerbations in Puerto Rican
children. Am J Respir Crit Care Med 2012, 186:140-146.
http://www.ncbi.nlm.nih.gov/pubmed/ 22652028.

5. Brehm JM, Schuemann B, Fuhlbrigge AL, Hollis BW, Strunk RC, Zeiger RS, Weiss ST,
Litonjua AA: Serum vitamin D levels and severe asthma exacerbations in the Childhood

Asthma Management Program study. J Allergy Clin Immunol 2010, 126:52-58 e5.
http://www.ncbi.nlm.nih.gov/ pubmed/20538327.

6. Chinellato I, Piazza M, Sandri M, Peroni D, Piacentini G, Boner AL: Vitamin D serum
levels and markers of asthma control in Italian children. J Pediatr 2011, 158:437-441.
http://www.ncbi.nlm.nih.gov/pubmed/ 20870246.

7. Millen AE, Bodnar LM. Vitamin D assessment in population-based studies: a review of
the issues. Am J Clin Nutr 2008;87:1102S-5S.

8. Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, FitzGerald M, Gibson P, Ohta
K, O’Byrene P, Pedersen SE, Pizzichini E, Sullivan SD, Wenzel SE, Zar HJ: Global
strategy for asthma management and prevention: GINA executive summary. Eur Respir J
2008, 31:143-178. http://www.ncbi.nIm.nih.gov/pubmed/ 18166595.

9. Quanjer PH, Tammeling GJ, Cotes JE, et al. Lung volumes and forced ventilatory flows.

Report of the Working Party Standardization of Lung Function Tests, European
Community for Steel and Coal. Official Statement of the European Respiratory Society.
Eur Respir J Suppl 1993;16:5-40.

WWW.Wjpr.net Vol 3, Issue 2, 2014. 2553




Mrinal Pal et al. World Journal of Pharmaceutical Research i

10. Deepa M, Pradeepa R, Rema M, Mohan A, Deepa R, Shanthi Rani S, Mohan V. The
Chennai Urban Rural Epidemiology Study ( CURES) : Study design and Methodolgy (
Urban component ) CURES -1 J. Assoc. Physicians India 2003;51: 863-870.

11. Charlson ME, Pompei P, Ales KL, MacKenzie CR A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis 1987; 40: 373-383.

12. Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the
General Population. Applied psychological measurement 1977;1: 385-401.

13. Wagner D , Hanwell HEC , Vieth R . An evaluation of automated methods for
measurement of serum 25-hydroxyvitamin D. Clinical Biochemistry 2009;42:1549-1556.

14. Holick MF. Vitamin D deficiency. N Engl J Med 2007;357:266-81.

15. Lips P. Vitamin D deficiency and secondary hyperparathyroidism in the elderly:
consequences for bone loss and fractures and therapeutic implications. Endocr Rev
2001;22:477-501.

16. Vieth R, Bischoff-Ferrari H, Boucher BJ, Dawson-Hughes B, Garland CF, Heaney RP,
Holick MF, Hollis BW, Lamberg-Allardt C, McGrath JJ, et al. The urgent need to
recommend an intake of vitamin D that is effective. Am J Clin Nutr 2007;85:649-650.

17. Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B.
Estimation ofoptimal serum concentrations of 25-hydroxyvitamin D for multiple health
outcome s. Am J Clin Nutr 2006;84:18-28.

18. Taback SP, Simons FE. Anaphylaxis and vitamin D: A role for the sunshine hormone? J
Allergy Clin Immunol 2007;120:128-130.

19. Hollis BW, Wagner CL, Drezner MK, Binkley NC. Circulating vitamin D(3) and 25-
hydroxyvitamin D in humans: An important tool to define adequate nutritional vitamin D
status. J Steroid Biochem Mol Biol 2007;103:631-634.

20. Rosalind J. Wright, MD. Increasing Epidemiologic Evidence Links Vitamin D to
Pulmonary Function and COPD. Chest 2005; 128 (6):3781-3783.

21. Herr C, Greulich T, Koczulla RA, Meyer S, Zakharkina T, Branscheidt M, Eschmann R,
Bals R. The role of vitamin D in pulmonary disease: COPD, asthma, infection, and
cancer: a review of the issues. Respiratory Research 2011; 12:31.

22. Janssens W, Lehouck A, Carremans C, et al. Vitamin D beyond bones in chronic
obstructive pulmonary disease time to act. Am J Respir Crit Care Med 2009; 179: 630-6.

23. Gilbert CR, Arum SM, Smith CM.Vitamin D deficiency and chronic lung disease.Can
Respir J 2009; 16: 75-80.

WWW.Wjpr.net Vol 3, Issue 2, 2014. 2554




Mrinal Pal et al. World Journal of Pharmaceutical Research i

24. Janssens W, Bouillon R, Claes B, Carremans C, Lehouck A, Buysschaert I, Coolen J,
Mathieu C, Decramer M, Lambrechts D. Vitamin D deficiency is highly prevalent in
COPD and correlates with variants in the vitamin D-binding gene. Thorax 2010;65:215-
220.

25. Korn S, Hibner M, Jung M, Blettner M, Buhl R. Severe and uncontrolled adult asthma is
associated with vitamin D insufficiency and deficiency Respiratory Research 2013;14:25.

26. Thorpe LE, Laserson K, Cookson S et al. Infectious Tuberculosis among Newly Arrived
Refugees in the United States. New England Journal of Medicine 2004 ;350(20):2105-
2106.

27. Holick MF. Vitamin D status: measurement, interpretation, and clinical application.
Annals of Epidemiology 2009;19(2)73-78.

28. Vieth R. Vitamin D nutrient to treat TB begs the prevention question. The Lancet 2011,
377(9761):189-190,.

29. Douglas S, Strachan DP, Maxwell JD. Seasonality of tuberculosis: the reverse of other
respiratory diseases in the UK. Thorax 1996;51(9):944-946.

30. Holick MF, Binkley NC, Bischoff-Ferrari HA et al., Evaluation, treatment, and
prevention of vitamin D deficiency: an endocrine society clinical practice guideline.
Journal of Clinical Endocrinology and Metabolism 2011; 96(7):1911-1930.

31. Holick MF. MacLaughlin JA. Doppelt SH. Regulation of cutaneous previtamin D3
photosynthesis in man: skin pigment is not an essential regulator. Science 1981; 211:590—
593.

32. Loomis WF. Skin-pigment regulation of vitamin-D biosynthesis in man. Science 1967,
157:501-506.

33. Holick MF. Photosynthesis of vitamin D in the skin: effect of environmental and life-style
variables. Fed. Proc. 1987; 46:1876-1882.

34. Clemens TL. Henderson SL. Adams JS. Holick MF. Increased skin pigment reduces the
capacity of skin to synthesize vitamin D3. The Lancet 1982;1982:74-76.

35. Henderson JB. Dunnigan MG. Mclintosh WB. Abdul-Motaal, AA. Gettinby G. Glekin
BM. The importance of limited exposure to ultraviolet radiation and dietary factors in the
aetiology of Asian rickets: a risk factor model. Q. J. Med. 1987;63:413-425.

36. Parikh SJ, Edelman M, Uwaifo GI, Freedman RJ, Semega-Janneh M, Reynolds J,
Yanovski JA: The relationship between obesity and serum 1,25- dihydroxy vitamin D
concentrations in healthy adults. J Clin Endocrinol Metab 2004, 89:1196-1199.

WWW.Wjpr.net Vol 3, Issue 2, 2014. 2555




Mrinal Pal et al. World Journal of Pharmaceutical Research i

37. Beuther DA, Sutherland ER: Overweight, obesity, and incident asthma: a meta-analysis
of prospective epidemiologic studies. Am J Respir Crit Care Med 2007, 175:661—-666.

38. Sutherland ER, Lehman EB, Teodorescu M, Wechsler ME: Body mass index and
phenotype in subjects with mild-to-moderate persistent asthma. J Allergy Clin Immunol
2009, 123:1328-1334.

39. Haldar P, Pavord ID, Shaw DE, Berry MA, Thomas M, Brightling CE, Wardlaw AJ,
Green RH: Cluster analysis and clinical asthma phenotypes. Am J Respir Crit Care Med
2008, 178:218-224.

40. Sutherland ER, Goleva E, Jackson LP, Stevens AD, Leung DY: Vitamin D levels, lung
function, and steroid response in adult asthma. Am J Respir Crit Care Med 2010,
181:699-704.

41. Stewart R, Hirani V. Relationship between vitamin D levels and depressive symptoms in
older residents from a national survey population. Psychosom Med 2010; 72: 608-612.

42. Jorde R, Sneve M, Figenschau Y, Svartberg J, Waterloo K. Effects of vitamin D
supplementation on symptoms of depression in overweight and obese subjects:
randomized double blind trial. J Intern Med 2008 ;264: 599-609.

43. Milaneschi Y, Shardell M, Corsi AM, Vazzana R, Bandinelli S, et al. Serum 25-
hydroxyvitamin D and depressive symptoms in older women and men. J Clin Endocrinol
Metab 2010;95: 3225-3233.

44. Bouillon R, Bischoff-Ferrari H, Willett W. Vitamin D and health: perspectives frommice
and man. J Bone Miner Res 2008;23:974-9.

45. Lappe JM, Travers-Gustafson D, Davies KM, et al. Vitamin D and calcium
supplementation reduces cancer risk: results of a randomized trial. Am J Clin Nutr
2007;85:1586-91.

46. Pittas AG, Dawson-Hughes B, Li T, et al. Vitamin D and calcium intake in relation to
type 2 diabetes in women. Diabetes Care 2006;29:650-6.

WWW.Wjpr.net Vol 3, Issue 2, 2014. 2556




