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Abstract

Background: Many studies show a high prevalence of vitamin D deficiency across various populations  the world over. 
There is relative lack of prevalence data in Punjab, India. This cross‑sectional study was carried out to assess the prevalence 
of vitamin D deficiency in the north‑west Punjab population. Aim: To study the prevalence of vitamin D deficiency in the 
north‑west Punjab population across various population characteristics such as gender, education, locality, occupation, and 
dietary habits. Materials and Methods: Healthy volunteers (N = 150) of either sex were enrolled and their fasting plasma 
samples tested for 25‑hydroxy vitamin D [25(OH) D] levels. Data were compiled as percentages and means across different 
population characteristics. Statistical analysis was done using Chi‑square test and Fisher’s exact test. Results: A high overall 
prevalence (90%) of vitamin D deficiency was observed in the study subjects. There was a significant difference in the prevalence 
of vitamin D insufficiency between rural and urban subjects (P < 0.05) and among the subjects pursuing different occupations 
(P < 0.001). A significant gender‑specific difference was also recorded at the cut‑off level of 25 (OH) D, with women showing 
higher prevalence of deficiency compared to men (P < 0.05). Conclusions: There is a high prevalence of vitamin D deficiency 
in the population of Punjab. Lower prevalence is displayed by those subjects who have greater opportunities for sunlight 
exposure, such as like rural individuals, farmers, and housewives.
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Introduction

Vitamin D has long been associated with calcium homeostasis 
and  its  deficiency  is  a  known  precursor  to  different  bone 
disorders. Recent research, however, indicates many other 
biological roles of this vitamin, such as cardiovascular, 
endocrinal, and immune system homeostasis.[1‑4] Thus, it opens 
up avenues for further research on potential disorders due 
to vitamin D deficiency.

Vitamin D is not a single entity but a group of antirachitic 
substances that are found in certain foods as well as 
synthesized in skin. Various forms of vitamin D are: vitamin D1, 
vitamin D2 (ergocalciferol), vitamin D3 (cholecalciferol), 
vitamin D4 (dihydroergocalciferol), and vitamin D5 

(sitocalciferol). Two important forms in human context are 
vitamin D3 and vitamin D2. Vitamin D3 is derived from the 
precursor 7‑dehydrocholesterol which is synthesized in skin. 
Vitamin D2, on the other hand, is obtained from ergosterol 
found in foods like bread, milk, yeast, mushrooms, and cod 
liver oil. Exposure of skin to the ultraviolet rays of sun is 
required for the conversion of these precursors into vitamins. 
These are then hydroxylated in two steps, first in liver and 
then in kidney, to give the final active forms: 1,25‑dihydroxy 
vitamin D3 [1,25(OH) 2D3] and 1,25‑dihydroxy vitamin D2 

[1,25(OH) 2D2].
[5‑7] These active metabolites exert their 

effects through vitamin D receptor (VDR) which is a nuclear 
hormonal receptor that is expressed in most of the tissues.[5]

The recommended dietary allowance of vitamin D falls in 
the range of 400–800 IU/day, the need increasing as the age 
advances. But this has been challenged by many authors who 
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recommend a higher allowance of 800–1000 IU/day for all ages 
in the absence of adequate sun exposure.[8,9] Also, to treat 
vitamin D deficiency, a higher dose of at least 50,000 IU/week 
is recommended to achieve optimal levels.[9] The Indian Council 
of Medical Research (ICMR) has stuck to the lower allowance 
of 400 IU/day, emphasizing a greater exposure to sunlight as 
a remedy to improve the levels.[10] However,  it  is difficult to 
ensure a higher sunlight exposure for every individual across the 
country. In spite of greater annual sunshine time in the region, 
prevalence of vitamin D deficiency is high as shown by some 
regional studies.[11,12] Factors such as skin hyperpigmentation in 
the Indian population compared to the Caucasian counterparts, 
high pollution levels, and relatively poor nutrient intake could 
be responsible for nullifying the effects of greater sunshine.

25‑Hydroxy forms of both vitamin D2 and D3 are easily 
measured in plasma. We will refer these collectively as 
25‑hydroxy vitamin D [25(OH) D]. The levels of 25(OH) D 
are considered to be a precise indicator of the vitamin D 
status.[13] There has been a controversy about the optimum 
25(OH) D levels required for normal homeostasis.  According 
to the consensus reached at the 13th Vitamin D Workshop, the 
minimum 25 (OH) D level required was 50 nmol/L (20 ng/L), 
which was challenged at the 14th Vitamin D Workshop by 
several researchers.[14,15] Many authors, however, agree on 
levels >75 nmol/L (30 ng/L) to be optimal for overall vitamin D 
functioning.[16,17]

Vitamin D deficiency has been a neglected disorder and not 
much work has been done on its demographic patterns, 
especially in the Indian context. This study aims to evaluate 
the demographic pattern of vitamin D deficiency in the local 
population of north‑west Punjab, India. Punjab has a flourishing 
middle class society with a mix of agrarian, business, and 
service communities. Economic growth has brought about 
changes in the lifestyles as regards the dietary habits, work 
types and schedules. Whether these population characteristics 
influence the vitamin D levels needs to be explored.

Materials and Methods

Healthy volunteers (N = 150) of either sex, belonging to 
different backgrounds, were randomly enrolled after ethical 
permission was obtained. Informed consent was taken from 
all subjects. Average age of the subjects was 36 years (range, 
17–68 years). The subjects who consented to participate 
were analyzed for plasma 25(OH) D levels. Non‑consenting 
individuals; those taking vitamin D supplements or any 
other drugs influencing vitamin D levels; patients with renal 
insufficiency,  chronic  hepatic  disease,  or  any  other  serious 
illness; and persons on prescribed dietary schedules due to 
any reason were excluded from the study.

Detailed records of dietary habits, education, occupation, and 
locality were maintained and taken into account during analysis. 
Fasting samples were collected for determining the plasma 
25(OH) D levels (nmol/L). Plasma levels were categorized 
into three cut‑offs: <25 nmol/L, <75 nmol/L, and > 75 nmol/L 
according  to  the  broad  agreement  reached  for  deficient, 
insufficient, and optimal  levels, respectively.[7,13] Levels more 
than 250 nmol/L were considered to be in the toxic range. 
Data were compiled in the form of percentages and averages. 
Chi‑square test and Fisher’s exact test were used for statistical 
analysis of proportions. P <0.05 was considered as significant 
and P < 0.001 as highly significant.

Results

Of the total subjects enrolled (N = 150), 75 (50%) were males, 
102 (68%) were from urban background, and 48 (32%) from 
rural background. Sixty‑six (44%) subjects were vegetarian, 
while 84 (56%) were non‑vegetarian.

One hundred  and  thirty‑five  (90%)  subjects were  found  to 
have 25(OH) D levels <75 nmol/L which are considered 
as  insufficient  to  carry out  all  the physiological  functions of 
vitamin D appropriately. A large proportion (40%) were found 
to have levels <25 nmol/L, and thus, are prone to bone disorders. 
Only 15 (10%) subjects had the optimal levels of >75 nmol/L.

Gender‑specific difference was significant at the lowest cut‑off 
level (<25 nmol/L), and 21 (28%) men and 39 (52%) women 
displayed levels < 25 nmol/L (P < 0.05). However, there 
was no significant difference between the two groups with 
regard to the higher cut‑off levels (<75 nmol/L). Sixty‑six 
(88%) men and 69 (92%) women had levels less than 
75 nmol/L (P > 0.1) [Table 1].

Subjects in the age range of 51–60 years showed the least 
prevalence  (25%) of  vitamin  insufficiency  (levels <75 nmol/L), 
followed by the age range of 41–50 years (76.92%). Highest 
prevalence was seen in subjects of age less than 40 years as well as 
in subjects more than 60 years (95.83–100%) (P < 0.05) [Figure 1].

Interestingly, a significantly high percentage (80.00%) of the 
subjects having optimal vitamin D levels was vegetarian (P < 0.05). 
Twelve of the total vegetarian subjects (18.18%) were having 
optimal levels, while only 3 (3.57%) of the non‑vegetarians 
displayed optimal levels [Figure 2].

A significantly different pattern was also observed in urban and 
rural populations. Ninety‑six (94.12%) urban subjects displayed 
insufficient levels as compared to 39 (81.25%) rural subjects. 
Only 5.88% of the urban subjects had optimal vitamin D 
levels as compared to 18.75% of the rural subjects (P < 0.05). 
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However, the difference was not significant for proportions 
showing the lowest cut‑off of < 25 nmol/L (41.18% and 37.5%, 
respectively, with P > 0.1) [Figure 2].

An evaluation of educational background revealed no 
significant difference across different groups; 6 (9.09%) of the 
subjects who were graduates and above had optimal levels 
while 9 (10.71%) of the subjects who were undergraduates 
or illiterate had optimal levels (P > 0.1). Similarly, 36 (42.86%) 
of the former group and 24 (36.36%) of the latter had levels 
<25 nmol/L (P > 0.1) [Table 1].

On the other hand, occupation seems to have an influence, as 
all the subjects showing optimal levels were either non‑working 
or farmers or housewives. Three out of 6 (50%) subjects who 
reported having agriculture as their occupation had optimal 
levels and 12 (21.05%) of the subjects who reported to be 
housewives or non‑working had optimal levels. None of the 
subjects pursuing services or sedentary professions had 
optimal levels (P < 0.001) [Figure 3].

Discussion

A large bulk of literature reports the high prevalence of vitamin 
D deficiency across  the globe. Although many studies have 
been conducted in different communities and ethnic groups, 

there is a scarcity of searchable data on Indian populations. 
Some studies conducted in the region invariably report a 
high prevalence of vitamin D inadequacy contrary to popular 
belief.[18,19] Studies on northern populations have been scanty, 
more so on the Punjabi population.[20,21]

This study done on general random population of north‑west 
Punjab  found  a  high  prevalence  of  vitamin D  insufficiency 
across persons with different backgrounds. Of the total 150 
study subjects, 135 (90%) were found to have vitamin D 
levels <75 nmol/L that are considered insufficient. Also, 
60 (40%) individuals had very low (<25 nmol/L) levels and are 
thus prone to bone disorders. This is despite the fact that this 

Figure 1: Prevalence of vitamin D insufficiency across various age groups

Figure 2: Pattern of 25(OH) D levels across various population characteristics

Figure 3: Pattern of 25(OH) D levels across various occupations

Table 1: Plasma levels of 25 (OH) D across various demographic 
characteristics

Characteristic Subjects 
(n)

25 (OH) D levels (%)
<25 nmol/L 
n=60 (40)

<75 nmol/L 
n=135 (90)

>75 nmol/L 
n=15 (10)

Gender
Men 75 21 (28) 66 (88.00) 9 (12.00)
Women 75 39 (52) 69 (92.00) 6 (8.00)

P<0.05 P>0.1 P>0.1
Locality

Urban 102 42 (41.18) 96 (94.12) 6 (5.88)
Rural 48 18 (37.50) 39 (81.25) 9 (18.75)

P>0.1 P<0.05 P<0.05
Diet

Vegetarian 66 27 (40.90) 54 (81.82) 12 (18.18)
Non‑vegetarian 84 33 (39.29) 81 (96.43) 3 (3.57)

P>0.1 P<0.05 P<0.05
Education

UG and lower 84 36 (42.86) 75 (89.29) 9 (10.71)
Graduate and 
higher

66 24 (36.36) 60 (90.91) 6 (9.09)

P>0.1 P>0.1 P>0.1
Occupation

Public servant 69 39 (56.52) 69 (100.00) 0
Professional 18 3 (16.67) 18 (100.00) 0
Farmer 6 3 (50.00) 3 (50.00) 3 (50.00)
Unemployed 57 15 (26.32) 45 (78.95) 12 (21.05)

P<0.001 P<0.001 P<0.001
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region gets a good sunshine throughout the year and people 
are well off and can afford good nourishment. Most of the 
studies conducted on other Indian populations show a similar 
picture of dismal vitamin D status. Many authors suggest a 
revision of nutritional guidelines and even a national level 
fortified food scheme to improve the scenario.[22]

Urban subjects had significantly higher prevalence of insufficient 
25(OH) D levels compared to their rural counterparts (94.12% 
vs. 81.25% with P < 0.05). It could perhaps be attributed to 
a greater exposure to sunlight in the rural as compared to 
urban areas. Also, there is a greater tendency among urbanites 
to use protective sunscreens which could prevent vitamin D 
synthesis by UV light. Other studies covering Indian population 
show similar trends. A study on North Indian rural population 
reports significant differences in the vitamin D levels of rural 
and urban individuals.[11] Another study done on vitamin D 
status in a southern region of India with a much larger study 
sample has shown a similar urban rural divide and urban 
subjects  had  significantly  higher  prevalence  of  25(OH) D 
deficiency (P < 0.001).[23]

Men were slightly better off compared to women and lesser 
proportion of men had very low levels of <25 nmol/L (P < 0.05). 
But this difference dissipated at higher cut‑off levels, such that 
none of the two groups fared better. A similar observation 
was made in a study done on British subjects wherein women 
showed  greater  prevalence of  vitamin D deficiency  at  this 
particular threshold of level <25 nmol/L during winters. 
During summer or fall, however, higher cut‑offs also displayed 
significant difference.[17] As our study duration coincided with 
the winter season in Punjab, the results of the two studies are 
in accordance with each other.

Prevalence of vitamin D deficiency was significantly different 
across various age groups. Middle age groups (41–60 years) 
displayed relatively lower prevalence compared to their 
younger (40 years and less) as well as older (61 years and 
more) counterparts (P < 0.05). Elderly people are known to 
be  prone  to  vitamin D deficiency. Decreased  exposure  to 
sunlight, reduced cutaneous synthesis of vitamin D, and dietary 
inadequacy could be the factors contributing to lower vitamin D 
levels in the elderly.[24] Younger age group (40 years and less) of 
our study sample consisted mainly of employed persons with 
long indoor working hours and less duration of exposure to 
sunlight. This group is also likely to eat irregularly and junk 
food. These factors could translate into lower vitamin D levels.

Significant  difference  in  the  prevalence was  seen  between 
vegetarians and non‑vegetarians. Oil‑rich fish  is one of  the 
dietary sources of vitamin D.[24] Also, vegetarian diet rich 
in  fiber  and  phytates  is  known  to  deplete  the  vitamin D 

stores.[25] Vitamin D fortified foods are not readily available in 
this region. In that sense, non‑vegetarians should have some 
advantage over vegetarians as far as the vitamin D levels are 
concerned. Our study, however, revealed significantly higher 
proportions of vegetarians having optimal levels, compared to 
non‑vegetarians (P < 0.05). A careful look at the data revealed 
that frequency of having non‑vegetarian meals varied heavily 
amongst our subjects and only few subjects had non‑vegetarian 
food on a daily basis. Most of them had non‑vegetarian food 
occasionally, and that too, mostly chicken or mutton. Oil‑rich 
fish,  considered  to  be  a  source  of  dietary  vitamin D, was 
consumed very rarely. Thus, our division of subjects into 
vegetarian and non‑vegetarian can be considered superfluous.

Educational background of the subjects does not seem to have a 
bearing on the serum vitamin D levels and the differences across 
the groups were  insignificant  (P > 0.1). However, occupation 
did affect the levels. None of those serving as public servants 
or pursuing various professions and businesses had optimal 
levels. Subjects who reported to be farmers or housewives or 
unemployed showed a significantly different pattern; 50% of the 
farmers and 21.05% of others had optimal levels. This probably 
suggests more indoor‑staying duration and lesser sunlight 
exposure of the service holders or professionals compared to 
their agrarian or non‑working counterparts. Similar observations 
have been made by Hariharan et al.,[23] wherein rural agrarian 
subjects had lower prevalence of vitamin D inadequacy.

Conclusions

There is a high prevalence of hypovitaminosis D in the local 
population of north‑west Punjab across different demographic 
characteristics. Subjects with chances of a higher exposure to 
sunlight, such as rural subjects, farmers, and housewives, have 
relatively lower prevalence of vitamin D insufficiency. There 
is a need for public awareness regarding the need for dietary  
rectifications and lifestyle changes providing opportunities for 
greater exposure to sunlight. Many countries have the policy 
of  food  fortification with  vitamin D.  Such  a  strategy  could 
also help improving the scenario in India. Further research is 
required in this region to find the factors that are responsible 
for such an overall higher prevalence and also any association 
with various diseases and disorders. We would also like to add 
that with such high proportions of apparently healthy persons 
showing  the defined  levels of vitamin D deficiency globally, 
there may be a need to reassess the definitions of optimal 
and insufficient levels.
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