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Abstract
Aim: The aim of the study was to evaluate the levels of serum 25(OH)D levels in patients to identify the average vitamin D levels, the
incidence of insufficiency and deficiency amongst the patients reporting to a dental hospital in Mumbai.
Methods: Serum 25(OH)D levels of 100 randomly selected patients who reported to Nair Hospital Dental College in Mumbai were
assessed to evaluate the vitamin D status. Serum levels below 10 ng/mL were categorized as “deficiency “and between 29-11ng/mL were
categorized as “insufficiency” of vitamin D.
Participants: 100 randomly selected patients reporting to the department of oral medicine and radiology on an outpatient basis.
Results: 52% of the individuals were identified to have insufficiency of vitamin D, 61.5% of the subjects who were identified with
insufficiency were females. 13% of the total patients were identified with deficiency and 61.5% of those were females. The deficiency was
seen to be seen majorly in age group above 40 years in females.
Conclusion: In spite of Mumbai being in the latitudes offering adequate exposure to sun, over half of the subjects in the study were
identified with insufficiency of vitamin D. The fraction of females was higher both in the insufficiency and deficiency and this may be
regarded to various social customs prevalent in the country.
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Introduction
Not long ago, Vitamin D, the “sun shine” vitamin was considered inconsequential due to its wide availability and lack of research
about the intricate role it plays in the various metabolic activities in the human body. However, with the advent of scientific
research, a renewed interest has evolved in the role of Vitamin D3, both as a preventive and also a therapeutic modality for
battling an array of disorders ranging from prevention of cancer, cardio vascular diseases, chronic illnesses like diabetes mellitus
and multiple sclerosis; to dental problems such as prevention of caries, reduction in severity of periodontal diseases, and even
prevention of premature alveolar bone loss [1-4]. It is now well established that Vitamin D plays an extremely important role in
the metabolism of calcium thus having an important influence on the bones and that deficiency of vitamin D causes rickets in
children and osteomalacia in adults. It also has an effect on the overall bone density, strength. The relationship of vitamin D with
temporomandibular disorders is also being explored.
A number of non-skeletal benefits of vitamin D came to light with the discovery of vitamin D receptors and the 1α-hydroxylase
enzyme in multiple tissues, including cells of the pancreas, immune system, macrophages, vascular endothelium, stomach,
epidermis, colon, and placenta [5].
Measurement of serum 1,25(OH)2D concentrations is not used to evaluate the Vitamin D status of an individual. 25(OH)D is the
pro hormone and the most stable metabolite of vitamin D in human serum. Since it has a half-life of about 3 weeks, it is one of the
most appropriate metabolite to assess the serum vitamin D levels. Besides plasma 25(OH)D, calcidiol (a summation of D3 and D2
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forms) is also a reliable marker of vitamin D status of an individual. The various investigations such as radioimmunoassay (RIA),
enzyme linked immunosorbant assay (ELISA), chemiluminescence immunoassay and protein binding assays are used in routine
testing of 25(OH)D in laboratories. The most widely accepted reference method remains LCTMS (liquid chromatography tandem
mass spectrometry). However it is not used commercially as it is tedious, time consuming and expensive [6].
It becomes extremely difficult to exactly define the values for deficiency that must be accepted universally because to the fact
that vitamin D is synthesized in the body. Its levels depend primarily on the exposure of bare skin to the UV rays of the sun not
on dietary sources. Besides the differences due to location and latitude, the differences in the melanin content of the skin are
important variables in the synthesis of vitamin D in the human body [7,8]. Even so different investigators have given different
cutoff values for deficiency. Historically, vitamin D deficiency was always identified by the presence of bone disease, either rickets
or osteomalacia. Today we know, that bone disease is caused by vitamin D (serum 25(OH)D) values below 10 ng/mL. Therefore
serum 25(OH)D below 10 ng/mL is considered vitamin D deficiency.
A number of studies have tried to identify the optimum vitamin D levels and one of the functional definition of the same is the
25(OH)D level that maximally suppresses PTH secretion. Multiple cross sectional examinations that explored the relationship
between serum PTH and 25(OH)D levels demonstrated a plateau in suppression of PTH when the 25(OH)D level reaches
approximately 30 ng/mL. This was used as a rationale to select the value of “30 ng/mL” as a cutoff value. Consequently serum
25(OH)D levels above 10ng/mL but below 30ng/mL are identified as “insufficiency” [9]. Since India has a tropical environment,
adequate exposure to the sun is expected and corresponding adequate average vitamin D levels are expected. However a number
of studies have shown that deficiency and insufficiency of vitamin D is prevalent in all age groups all over the country, despite
temperature, food habit and lifestyle variations [10-12]. Studies carried out all over the country estimate that the prevalence of
Vitamin D deficiency is varied (50-90%) [13].
Vitamin D deficiency is often silent initially, hence it is the most under-diagnosed and under-treated nutritional deficiency in
the world [14-16]. The potential benefits of sufficient vitamin D levels are innumerable, including both skeletal and non-skeletal
benefits and so more emphasis must be given to diagnosing and treating vitamin D deficiency, especially in the developing countries
of the world. The aim of this study was to assess the serum vitamin D levels, identify the prevalence of insufficiency and deficiency
of vitamin D and finally to explore and identify any gender or age bias can be identified in a hospital based population in Mumbai.

Materials and Methods
An approval from the institutional ethical committee of Nair Hospital Dental College was obtained and all the participants were
explained the rationale of the study prior to the start of study. Patient’s personal and demographic details were obtained along with
an informed consent in the patient’s language of convenience.
The study was carried out over a period of 21 months from June 2014 to march 2016. Since very few studies have been carried out
on the population of Mumbai, a randomized sampling technique was utilized to select 100 adult patients who reported to Nair
Hospital Dental College on an outpatient basis.

Inclusion Criteria for Samples:
• Patients from both the sexes.
• Patients in the age group of 25-70 years
• Patients with no known diagnosis that may affect the bones/ joints/ TMJ and undergoing routine blood investigations

Exclusion Criteria:
• Patients below 25 years of age and above 70 years of age.
• Patients having relative morbidity in terms of bone diseases etc.
• Patients who were unable to provide an informed consent.
Serum 25(OH)D levels of all the subjects were evaluated using chemiluminescence immunoassay (CLIA) technique.
25(OH)D levels below 10 ng/mL were categorized as “Deficiency” and between 29-11 ng/mL were categorized as “Insufficiency”
of vitamin D.

Results
Of the 100 participants that took part in the study, 63 were female participants and 37 were male participants.
Only 49 subjects were identified with adequate vitamin D levels, 39 patients were identified to have vitamin D insufficiency
(<30ng/mL) while 13 patients were diagnosed with deficiency of vitamin D (Figure 1 and Table 1).
The results clearly showed that the incidence of both insufficiency and deficiency was higher in females as it can be seen in Figure
2, 3 and 4.
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Figure 1: Incidence of Adequacy, Insufficiency and Deficiency of Vitamin D among participants
INSUFFICIENCY
(11-29 ng/mL)

DEFICIENCY
(<10 ng/mL)

TOTAL

MALE

15

5

37

FEMALE

24

8

63

TOTAL

39

13

100

Table 1: Gender wise results of patients with insufficiency and deficiency of vitamin D

Figure 2: Gender distribution among participants with Insufficiency of Vitamin D

Figure 3: Gender distribution among participants with deficiency of Vitamin D
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Figure 4: Incidence of Vitamin D Insufficiency (25(OH)D <30ng/mL) and Deficiency (25 (OH)D <10ng/mL)

The age distribution of the patients with vitamin D sufficiency, Insufficiency and Deficiency can be seen in Figure 5. The incidence
of vitamin D Insufficiency and deficiency was seen more in the higher age group. Most of the female subjects who were diagnosed
with Vitamin D deficiency were above 40 years of age as can be seen in Figure 6.

Figure 5: Age wise distribution of participants into Vitamin D Sufficiency, Insufficiency and Deficiency

Figure 6: Age distribution of female subjects with vitamin D deficiency ( 25(OH)D <10ng/mL)

Discussion
The 2 forms of Vitamin D are ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). Although Vitamin D can be obtained
from the dietary animal sources like deep sea fatty fish, egg yolks, or liver and also from supplements, it is primarily produced
in the skin in reaction to ultraviolet B radiation from sunlight. Very few plants sources contain Vitamin D2, but is commercially
produced by irradiation of yeast which is used for fortification and supplementation [9]. Although various studies indicates that
vitamin D2 may be metabolized more rapidly than vitamin D3, but they can be considered bioequivalent with regular daily intake
[17-19]. However both forms D2 and D3 are biologically inactive until they undergo two enzymatic reactions. These are both
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hydroxylation reactions and the first of which occurs in the human liver. Cholecalciferol hydroxylates into 25-hydroxyvitamin
D3 [25(OH)D, calcidiol] in liver. This is the most stable metabolite having a half-life of approximately 3 weeks because of which
it is used to determine the vitamin D status. Further, 25(OH)D is hydroxylated to 1,25-dihydroxyvitamin D [1,25(OH)2D] in the
kidney. This is the biologically active form that aids calcium absorption in the duodenum. It acts at a cellular level on both the
osteoblasts and osteoclasts, to mobilize calcium. A number of characteristics of Vitamin D are those of a steroid hormone and not
that of a vitamin and so now it is considered as a prohormone rather than a true vitamin [9].
Although it becomes difficult to define the optimum value for Vitamin D, the 25(OH)D level needed to achieve skeletal health,
as also optimal benefits on nonskeletal health outcomes is considered optimum. One of the method to functionally define the
optimal vitamin D status is the 25(OH)D level that maximally suppresses PTH secretion. Multiple cross sectional examinations
that explored the relationship between serum PTH and 25(OH)D levels demonstrated a plateau in suppression of PTH when the
25(OH)D level reaches approximately 30 ng/mL [20]. Another method used by some researchers to define the optimal vitamin D
status is the 25(OH)D level at which after administration of vitamin D, there is no further incremental increase in 1,25(OH)2D
levels which was found to be 25 to 30 ng/mL [21]. A few studies have used the 25(OH)D level that results in maximal intestinal
calcium absorption to define the optimal value for vitamin D. this was found to occur when the 25(OH)D levels were 32 ng/mL or
greater [22]. Due to these multiple evidences in the current study we used 30ng/mL as the cut off value for adequacy. Values below
10ng/mL were categorized as vitamin D deficiency and those between 10ng/mL and 30ng/mL were categorized as Insufficiency
of vitamin D.
The values of 25(OH)D vary considerably with the geography of the area, due to changing sun exposure and diets. However the
values also vary with sex and age. In the study we found that more female participants were diagnosed with vitamin D insufficiency
in comparison to male subjects. Similar results were observed in various studies carried out all over India. In the study carried out
by Harinarayan in 2008 in Tirupati in southern India insufficiency and deficiency was seen higher in urban as well as rural adult
females in comparison to their male counterparts [23]. In 2010, Multani carried out a study among resident doctors in Mumbai
which also showed higher levels of vitamin D deficiency among female doctors [24].
In the current study we found that the female subjects who were diagnosed with vitamin D deficiency were of the higher age
group; majority of the females were above 40 years of age. In the studies conducted by Harinarayan in 2005 and Paul in 2008 it
was noted that post-menopausal women from rural and semi urban habitats in Tirupati in southern India had significantly higher
rates of vitamin D deficiency [10,25].
Although India lies in the tropical region and is believed to have adequate sunlight around the year, it must be noted that Vitamin
D sufficiency via sun exposure may not be a rational solution for most Indians. For adequacy, an individual’s bare skin should
be exposed to sunlight to photosynthesize vitamin D. Indians naturally have darker skin that has high melanin content. This
melanin tends to acts as a natural sunscreen. Therefore, in comparison to individuals with fairer skin, such as Caucasians, darker
skin produces a significantly lesser amount of vitamin D. Urbanization also has a part to play in causing vitamin D deficiency.
Overcrowded living environment often prevents direct sunlight from reaching the homes in cities. Added to this is the atmospheric
pollution of metropolitan cities, spending majority of the time at work indoors, the limited outdoor activities and the use of
sunscreen and umbrellas to protect the skin from the scorching heat of the Indian sun [6-8,26,27]. The higher prevalence of
Vitamin D deficiency in women can be attributed to many social customs prevalent in India like the use of pardah, enforced use
of completely covering clothing and even social restrictions to going outdoors.
Vitamin D deficiency is known to affect 70%-100% of ostensibly healthy individuals in India. Vitamin D deficiency adversely
affects the skeletal components and causes rickets in children and osteomalacia in adults. It is linked to various Oral diseases
like increases caries susceptibility, predisposition to temporomandibular joint (TMJ) disorders and musculoskeletal pain [28].
The extra-skeletal ill effects of vitamin D deficiency are also innumerable. The female population is significantly more affected
and this can have adverse effects on their pregnancy too. The quality of life is adversely affected in the geriatric population due to
vitamin D deficiency [29]. Hence it is important that awareness should be created about adequate sun exposure to avoid deficiency.
Supplementation and fortification of food may be considered a viable option when adequate exposure to sun is not possible
however its feasibility may be in question. The small sample size and randomized sampling were the limitations of this study and
more research must be carried out to identify the incidence of vitamin D Insufficiency and deficiency and strategies to tackling
this problem.

Conclusion
The primary source of vitamin D remains exposure of skin to the sunlight and not dietary sources. In spite of Mumbai lying in
the latitudes that offer adequate exposure to sunlight, 52% of the subjects in the study did not have adequate vitamin D levels.
Urbanization, overcrowding, lifestyle changes like lack of outdoor activities along with rising pollution can be linked to this
increasing vitamin D deficiency in cities. Females were found to be affected more by vitamin D deficiency and insufficiency and
the cause can be traced back to a lot of social customs that restrict the exposure of “bare skin” to sunlight. With more and more
research indicating the importance of Vitamin D for skeletal and extra-skeletal health efforts should be directed not only to
identifying this problem but also finding rational and feasible solutions to treating vitamin D deficiency and insufficiency in the
Indian population.
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