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ABSTRACT

25(0OH) Vitamin D is the circulating form of vitamin D which is measurable in the blood. There is evidence of aberrations in the
vitamin D-endocrine system in obese subjects. Vitamin D insufficiency has been defined as serum 25-hydroxyvitamin D [25(0OH)]
levels below 30 ng/mL and is common among patients with obesity. Our aim was to investigate clinically the status of 25(OH)D in
obesity. Serum 25(0OH) vitamin D and body mass index [body mass index (BMI; in kg/mz) > 30] were determined in 50 healthy Obese
individuals attending a community care centre. The mean + SD values for serum 25(0OH) D levels of obese with BMI (36 + 1.77kg/m2)
were 25.6£12.6 ng/ml. The results of the study revealed a statistically significant negative correlation between serum 25 (OH) D
levels and body mass index of obese patients (r=0.243, p<0.01). The association between low serum 25(0H) D levels and higher BMI
in study population may be inscribed into the wider context portraying Obesity - associated vitamin D insufficiency is likely due to
the decreased bioavailability of 25(0OH) vitamin D; from cutaneous and dietary sources, because of its deposition in body fat

compartments.
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INTRODUCTION

besity is a metabolic disorder which is an

emerging health problem of growing importance.

Various factors play a role in the calcitropic
hypovitaminosis prevalent in obesity. Vitamin D is derived
from 7 dehydro cholesterol or ergosterol by UV
radiation’. Cholecalciferol is hydroxylated at the 25"
position in the liver to form 25 hydroxy cholecalciferol.
This is the major transport form of the vitamin. It then
gets hydroxylated at the first position to form calcitriol
which is the active form of vitamin D> * Various
definitions for vitamin D insufficiency have appeared in
the literature; the best established one pertains to serum
levels below 30 ng/mL‘. A recent meta-analysis has
demonstrated that low vitamin D levels in middle-aged
and elderly populations and represent a risk factor for
type 2 diabetes mellitus (DM), cardiovascular disease and
metabolic syndrome®.

Interestingly many studies reveal aberrations in the
vitamin D-endocrine system in obese subjects ® such as
increases in serum parathyroid hormone (PTH), urinary
cyclic adenosine 3,5'-monophosphate (CAMP), renal
tubular reabsorption of calcium, and circulating 1la, 25-
hydroxyvitamin D3 (1,250HD3) and a decrease in serum
25-hydroxyvitamin D3 (250HD) levels. In young adults, the
dietary supplemental vitamin D intake was inversely
related to the development of metabolic syndrome over
20 years of follow-up7. Vitamin D deficiency is an
independent risk factor for obesity and abdominal obesity
in women . Obese women transfer less 25(0H) D to
offspring than normal-weight women, despite similar

serum levels; maternal obesity and vitamin D sufficiency
are associated with cord-blood vitamin D insufficiency °.
Visceral adipose tissue is negatively associated with
plasma 25(0OH)D concentrations in South Asians 0
Vitamin D deficiency has been associated with obesity,
visceral obesity, hypertriglyceridemia, and metabolic
syndrome in Korean children **. Body mass index (BMI) is
inversely associated with the increase in the serum
25(CH)D levels in  response to vitamin D
supplementation?.

The expression of vitamin D-metabolizing enzymes has
been demonstrated in human adipose tissue. Plasma
25(0OH) D increased by 27% after weight loss in the obese
individuals. The expression levels of the 25-hydroxylase
CYP2J2 and the la-hydroxylase CYP27B1 were decreased
by 71% and 49%, respectively, in the subcutaneous
adipose tissue of obese subjectsl3, suggesting that
adipose tissue, which can be dynamically altered during
obesity and weight loss, has the capacity to metabolize
vitamin D locally. Furthermore, calcitriol directly regulates
adipocyte 11p-hydroxysteroid dehydrogenase type 1
(11B-HSD-1), generating active cortisol from inactive
cortisone, with expression and cortisol production in
human adipocytes in vitro™, suggesting a potential role
for calcitriol in visceral adiposity. In a 12-week double-
blind randomized clinical trial, cholecalciferol
supplementation resulted in a statistically significant
decrease in body fat mass in healthy and obese women
compared with the placebo group *°. In addition, vitamin
D; supplementation also improved insulin sensitivity in
apparently healthy, middle-aged, centrally obese men™.
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Several genetic studies have linked VDR polymorphisms
with obesity and datas confirm an important role of the
VDR in the control of adipocyte metabolism and the
regulation of energy metabolism. Variations at the VDR
locus have been associated with susceptibility and
progression to several diseases. VDR gene polymorphisms
have been linked to higher susceptibility to vitamin D
deficiency in children and adolescents *’. The VDR Taq|
allele is associated with obesity™ **: Bsml and Apal VDR
genes are also significantly associated with overweight
and obesity®’, and the Bsml VDR polymorphism appeared
to influence body mass index. These observations
suggested that alterations of VDR function may play a role
in patients with obesity.

This paper reviewed the relationship between vitamin D
and obesity. Genetic studies should be performed to
determine which proteins link vitamin D to obesity
pathology. Vitamin D is also able to act through numerous
non-genomic mechanisms, including protein expression,
oxidative stress, inflammation, and cellular metabolism.
These findings suggest that vitamin D plays a role in
obesity. Interestingly, Vitamin D is fat-soluble vitamin
which is sequestered after absorption and stored in
tissues such as fat and muscle. This fate of vitamin D has
been demonstrated by injecting radio-labeled vitamin D
into individuals and monitoring the highest levels of
biological activity and radioactivity in the fat tissue 2
Calcitriol therapy in obesity has not been reported whilst
the results of trials of cholecalciferol supplementation
have so far been limited. Therefore, further investigation
of calcitriol in obese patients is needed.

MATERIALS AND METHODS

Blood sample (5ml) was obtained from 50 obese healthy
individuals [body mass index (BMI; in kg/mz) > 30] of age
(44.32 £7.787 years) and BMI (36 = 1.77kg/m2) without
any complications or comorbid illnesses were recruited
from a tertiary community care centre, Chennai, India and
all participants were interviewed at baseline and BMI
measured by the same investigator (to assess sunlight
exposure). 25(0OH)D was measured by direct ELISA KIT
(Immunodiagnostik). Hypercalcemia, intake of vitamin D
for osteoporosis in dietary supplements, other orthopedic
problems like rickets, osteomalacia or end-stage renal
failure, pregnancy or any chronic illness were excluded
from the study.

The vitamin D status was assessed according to the
following criteria: Severe deficiency- below10 ng/ml,
insufficiency-10-25 ng/ml and sufficiency ->25-150 ng/ml.
A cutoff point of <30 ng/ml of 25(OH) D was used to
classify patients as on low vitamin D status. All data were
analyzed using the Statistical Package for Social Sciences
(SPSS), version 16. Student t-test was used to assess
differences in serum analytes among groups. The
statistical significance, direction and strength of linear
correlation between two quantitative variables were
measured by using Pearson’s correlation coefficient test.
Categorical variables were compared by Chi-square test.
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This study was approved by Institutional Ethical
committee of Sree Balaji Medical College and Hospital.
Informed consent was obtained from all the study
participants both in English and vernacular language.

RESULTS AND DISCUSSION

The general characteristics of the individuals have been
described in [Table/Fig-1].

Parameters Healthy obese p-value r-value
(n=50)
Age (years)* 44.32 £7.787
BMI (Kg/m?)* 36+177  <0.001 r=0.243
25(0H) D (ng/ml)*  18.49 +3.497

The age of the participants ranged between 44.32 +7.877
years with 25(0OH)D insufficiency(18.49 £3.497 ng/ml) and
the BMI range was 36 1.77kg/m2. Low serum vitamin D
was negatively correlated with obesity. The mean serum
25(0OH) D level was significantly lower (p<0.01) for obese.
There was a trend towards an inverse 25(CH) D - BMI
association, which did not show statistical significance,
most probably due to relatively small sample size.

The present study observed that individuals with obesity
showed vitamin D insufficiency. The present study of the
synthesis and processing of vitamin D confirmed that
obese patients have lower basal 25(0H)D**%. Because
vitamin D is fat soluble and is readily stored in adipose
tissue, it could be sequestered in the larger body pool of
fat of obese individuals. It is possible that the
subcutaneous fat, which is known to store vitamin Dj,
sequestered more of the cutaneous synthesized vitamin
D; in the obese because there was more fat available for
this process. Though BMI was inversely correlated with
calcitropin the orally supplied vitamin D, was more
bioavailable, probably because after absorption into the
lymphatic system and transfer into the bloodstream.

Although the mechanism for how low serum 25(0OH) D
levels might increase the incidence of obesity is not well
understood, our findings have biologic plausibility. In
vitro, experimental studies suggest that 1, 25-
dihydroxyvitamin D [1, 25(0OH),D] favors lipogenesis and
inhibits lipolysis, and it also modulates the distribution of
fat %, Subjects with clinically important low vitamin D
status (which is defined as serum 25(OH)D level <50
nmol/L) often have secondary hyperparathyroidism and
elevated levels of parathyroid hormone and
1,25(0H),D*®. Parathyroid hormone itself has also been
suggested to play a role in fat accumulation by increasing
the risk of insulin resistance and inhibiting lipolysis, and it
may be mediated by 1,25(0H),D%*"*. This might help to
explain why serum 25(0OH) D levels less than 30 nmol/L
were most strongly associated with obesity.
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CONCLUSION

To summarize, obesity is widely recognized to lower
vitamin D status in the body because of the fat-soluble
property of vitamin D and other factors. This inference
was mainly made from cross-sectional associations and a
few prospective observations and clinical trials®.The
detrimental effects of overall obesity have been shown
worldwide. Central obesity is an important component of
and risk factor for the metabolic syndrome34. Recent
research has also provided evidence for multiple adverse
effects of central abdominal obesity. Thus, the
implications could be profound if improvement of vitamin
D status could reduce both overall and central obesity.
We suggest that there might be a harmful cycle (i.e., low
vitamin D > obesity - low vitamin D) that complicates
obesity prevention and treatment efforts. Moreover
humans obtain most of their vitamin D requirement from
casual exposure to sunlight, the >50% decreased
bioavailability of cutaneously synthesized vitamin D3 in
the obese subjects could also account for calcitropic
hypovitaminosis in obesity. Oral vitamin D should be able
to correct the vitamin D deficiency associated with
obesity, but larger than usual doses may be required for
very obese patients. This possibility merits further
research in well-designed large prospective studies.

REFERENCES

1. Mathieu C, Gysemans C , Vitamin d and diabetes
laboratory of experimntal medicine and endocrinology
(legendo), Diabetol, 22(3), 2006,187-193

2. Bikle DD, Siiteri PK, Ryzen E, Haddad JG, Serum protein
binding of 1, 25-dihydroxyvitamin d: a re-evaluation by
direct measurement of free metabolite levels, J clin
endocrinol metab, 61, 1985,969-975

3. Maesstro S, Molero SB, Davila N, Calle N, Transcriptional
activation of human insulin receptor gene by 1, 25 di
hydroxyl vitamin d3,Cell biochemistry and function, 3,
2002, 227-232.

4. Thacher TD and Clarke BL, Vitamin d insufficiency, Mayo
clin proc,86, 2011,50-60.

5. Parker J, Hashmi O, Dutton D, Mavrodaris A, Stranges S,
Kandala NB, Levels of vitamin d and cardiometabolic
disorders: systematic review and meta-analysis, Maturitas,
65,2010,225-236.

6. Bell NH, Epstein S, Greene A, Shary J, Oexmann MJ, Shaw S,
Evidence for alteration of the vitamin d-endocrine system
in obese subjects, J clin invest,76, 1985,370-373.

7. Fung GJ, Steffen LM, Zhou X, Harnack L, Tang W , Vitamin d
intake is inversely related to risk of developing metabolic
syndrome in African, american and white men and women
over 20 y: the coronary artery risk development in young
adults study. Am j clin nutr, 96,2012,24-29

8.  Tamer G, Mesci B, Tamer |, Kilic D, Arik S, Is vitamin d
deficiency an independent risk factor for obesity and
abdominal obesity in women? Endokrynol pol, 63, 2012,
196-201.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ISSN 0976 — 044X

Josefson JL, Feinglass J, Rademaker AW, Metzger BE, Zeiss
DM, Maternal obesity and vitamin d sufficiency are
associated with cord blood vitamin d insufficiency, J clin
endocrinol metab 98(1), 2012,114-9.

Lee SH, Kim SM, Park HS, Choi KM, Cho GJ, Serum 25-
hydroxyvitamin d levels, obesity and the metabolic
syndrome among korean children. Nutr metab cardiovasc
dis 2012,Epub ahead of print

Saliba W, Barnett- griness O, Rennert G, The relationship
between obesity and the increase in serum 25(oh) D levels
in response to vitamin d supplementation, Osteoporos int ,
2012,epub ahead of print.

Wamberg L, Christiansen T, Paulsen SK, Fisker S, Rask P,
Rejnmark L, Richelsen B, Pedersen SB, Expression of
vitamin d-metabolizing enzymes in human adipose tissue-
the effect of obesity and diet-induced weight loss, Int j
obes (lond), 37, 2013, 651-7.

Morris KL, Zemel MB, 1, 25-dihydroxyvitamin d3
modulation of adipocyte glucocorticoid function, Obes res,
13, 2005, 670-677.

Salehpour A, Hosseinpanah F, Shidfar F, Vafa M, Razaghi M,
A 12-week double-blind randomized clinical trial of vitamin
d3 supplementation on body fat mass in healthy
overweight and obese women, Nutr j, 11,2012,78.

Nagpal J, Pande JN, Bhartia A, A double-blind, randomized,
placebo-controlled trial of the short-term effect of vitamin
d3 supplementation on insulin sensitivity in apparently
healthy middle-aged centrally obese men, Diabet med, 26,
2009,19-27

Santos BR, Mascarenhas LP, Satler F, Boguszewski MC,
Spritzer PM, Vitamin d deficiency in girls from south brazil:
a cross-sectional study on prevalence and association with
vitamin d receptor gene variants, Bmc pediatr, 12, 2012,62.

Ye W?Z, Reis AF, Dubois-laforgue D, Bellanné-chantelot C,
Vitamin d receptor gene polymorphisms are associated
with obesity in type 2 diabetic subjects with early age of
onset. Eur j endocrinol, 145, 2001, 181-186.

Vasilopoulos Y, Sarafidou T, Kotsa K, Papadimitriou M,
Goutzelas Y, Vdr tagi is associated with obesity in the greek
population, Gene, 512,2013, 237-239.

Binh TQ, Nakahori Y, Hien VT, Khan NC, Lam NT,
Correlations between genetic variance and adiposity
measures, and gene x gene interactions for obesity in
postmenopausal viethamese women,j genet, 90, 2011,1-9.

Filus A, Trzmiel A, Kuliczkowska-ptaksej J, Tworowska U,
Jedrzejuk D, Relationship between vitamin d receptor bsmi
and foki polymorphisms and anthropometric and
biochemical parameters describing metabolic syndrome,
Aging male, 11, 2008,134-139

Mawer EB, Backhouse J, Holman CA, Lumb GA, Stanbury
SW, The distribution and storage of vitamin d and its
metabolites in human tissues, Clin sci, 43, 1972, 413-431

Bell NH, Epstein S, Greene A, Shary J, Oexmann MJ, Shaw S,
Evidence for alteration of the vitamin d-endocrine system
in obese subjects, J clin invest ,76, 1985,370-3.

Compston JE, Vedi S, Ledger JE, Webb A, Gazet JC,
Pilkington T, Vitamin d status and bone histomorphometry
in gross obesity, Am j clin nutr, 34, 1981,2359-63.

&

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

220



Int

24.

25.

26.

27.

28.

29.

Hey H, Stockholm KH, Lund BJ, Sorensen OH, Vitamin d
deficiency in obese patients and changes in circulating
vitamin d metabolites following jejunoileal bypass, Int j
obes, 6, 1982,473-9.

Hyldstrup L, Andersen T, Mcnair P, Breum L, Transbol |,
Bone metabolism in obesity, changes related to severe
overweight and dietary weight reduction, Acta endocrinol
,1993,393-8.

Shi H, Norman AW, Okamura WH, 1a, 25-dihydroxy-vitamin
d; modulates human adipocyte metabolism via
nongenomic action, Faseb j,15(14), 2001,2751-2753.

Shi H, Norman AW, Okamura WH, 1a,25-dihydroxy-vitamin
ds inhibits uncoupling protein 2 expression in human
adipocytes, Faseb j, 16(13), 2002,1808-1810.

Meyer HE, Falch JA, Sogaard AJ, Vitamin d deficiency and
secondary hyperparathyroidism and the association with
bone mineral density in persons with pakistani and
norwegian background living in oslo, norway: the oslo
health study, Bone,35(2), 2004,412-417.

Yanoff LB, Parikh SJ, Spitalnik A,The prevalence of
hypovitaminosis d and secondary hyperparathyroidism in

. J. Pharm. Sci. Rev. Res., 26(1), May — Jun 2014; Article No. 38, Pages: 218-221

30.

31

32.

33.

34.

ISSN 0976 — 044X

obese black Americans, Clin endocrinol,64(5), 2006,523-
529.

Alvarez JA, Ashraf AP, Hunter GR, Serum 25-hydroxyvitamin
d and parathyroid hormone are independent determinants
of whole-body insulin sensitivity in women and may
contribute to lower insulin sensitivity in african Americans,
Am j clin nutr, 92(6), 2010,1344-1349.

Bodnar LM, Catov JM, Roberts JM, Prepregnancy obesity
predicts poor vitamin d status in mothers and their
neonates, J nutr, 137(11), 2007,2437-2442.

Mason C, Xiao L, Imayama | , Effects of weight loss on
serum vitamin d in postmenopausal women, Am j clin nutr,
94(1), 2011,95-103.

Grundy SM, Brewer HB, Cleeman J, Definition of metabolic
syndrome: report of the national heart, lung, and blood
institute/american heart association conference on
scientific issues related to definition, Circulation, 109(3),
2004,433-438.

Cameron AJ, Zimmet PZ. Expanding evidence for the
multiple dangers of epidemic abdominal obesity,
Circulation, 117(13), 2008,1624-1626

Source of Support: Nil, Conflict of Interest: None.

&

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

221



