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Background: Vitamin D helps in maintaining bone and muscle health. Vitamin D deficiency is a global
problem, with the prevalence of deficiency being widespread in Pakistan. The present study was planned
to associate serum vitamin D, Parathyroid Hormone (PTH), calcium and phosphate concentrations with
dietary habits of individuals living in urban/rural areas of Sindh, Pakistan. Methods: This was a crosssectional study at two locations, urban (Karachi) and rural (Haji Goth of Shadadpur city). The study
period was May–October 2012 on 176 healthy subjects, aged 20–80 years. Venous blood was collected
for analysis of vitamin D, PTH, calcium and phosphorus. Statistical analysis was done using SPSS-18.
Statistical differences between variables were determined by student’s t-test and p<0.05 was considered
significant. Results: The 176 subjects were divided into non-vegetarians (93, 52.84%) and vegetarians
(83, 47.16%) with each group subdivided into urban and rural. The BMI of non-vegetarians vs
vegetarians was high (p<0.001). Vitamin D in non-vegetarians vs vegetarians was low (p<0.001). The
vegetarians of urban compared to rural had low vitamin D (p<0.05). The PTH of non-vegetarians vs
vegetarians was significantly high (p<0.001). Serum calcium was significantly low (p<0.05) in urban and
rural subjects on either diet. Conclusion: Non-vegetarians had severe vitamin D deficiency, while
vegetarians had vitamin D insufficiency irrespective of belonging to urban or rural area.
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INTRODUCTION
Vitamin D is a fat soluble vitamin that occurs in 2
forms: vitamin D2 (ergocalciferol) and vitmin D3
(cholecalciferol). Vitamin D3 is obtained from food of
animal origin and from ultraviolet light-stimulated
conversion of 7-dehydrocholesterol in the skin.1 In
plants vitamin D2 is the product of ultraviolet B (UVB)
(290–315 ηm) irradiation of ergosterol.2 Sea foods
(fishes like mackerel, salmon, and herring) contain a
good amount of vitamin D.1 Vitamin D can be
consumed by humans as a supplement or in fortified
foods like milk, soya, and cereals available in the market
to fulfil vitamin D daily requirement.
Cholecalciferol is converted in the liver by the
enzyme 25 α-hydroxylase to 25 (OH) D, which is the
major circulating metabolite of vitmin D. In the kidney
25 (OH) D is converted by 1α-hydroxylase to its active
form, 1, 25 dihydroxy vitamin D [1, 25 (OH)2 D] which
is known as calcitriol or Vitamin D3.3 Vitamin D plays a
vital role in maintaining bone and muscle health by
regulating calcium metabolism.4 Deficiency of vitamin
D causes an increase in parathyroid hormone.5 Vitamin
D with Parathyroid Hormone (PTH) regulates serum
calcium levels by increasing gastrointestinal calcium
absorption and bone resorption.4 Vitamin D deficiency
is a highly prevalent condition, present in approximately
30–50% of the general population. The most common
cause of vitamin D deficiencies could be due to
inadequate dietary intake and/or sun exposure.1
Vitamin D deficiency in children will cause
growth retardation and classic sign and symptoms of
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rickets.6 In adults its deficiency causes skeletal
mineralization defect associated with proximal muscle
weakness, increase in body sway with an increased risk
of falling and fracture due to osteopenia and
osteoporosis.7 Vitamin D is stored in fatty tissues and the
large storage capacity in obese people leads to low
circulating level of vitamin D.8 Metabolism, storage and
action of vitamin D is all influenced by body fat. Obesity
is therefore associated with vitamin D deficiency.9
As reported by Hovsepian et al, 30–50% of
both children and adults in United States suffer from
vitamin D deficiency and also the rate of vitamin D
deficiency is high in the tropical countries.10 Vitamin D
deficiency is also widespread in Pakistan; in Sindh alone
90.5% women are vitamin D deficient.11 National
Nutrition Survey (NNS) in 2011 reported that
hypocalcaemia is epidemic in Pakistan, 51.9% of urban
and 50.8% of rural population is affected.12 Following
modern human culture there is an increase in indoor
lifestyle strategies which causes a decrease in cutaneous
production of vitamin D.13 Monitoring serum 25hydroxyvitamin D levels and treating vitamin D
deficiency is required for maintenance of
musculoskeletal and general health.5
The present study was planned to associate
serum vitamin D, PTH, calcium, and phosphate
concentrations with the dietary habits of individuals
living in urban and rural areas of Sindh, Pakistan.

MATERIAL AND METHODS
A randomised cross-sectional study on two locations;
urban area (Karachi) and rural area (Haji Goth of
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Shadadpur) was selected. Apparently healthy subjects
(176) consisted of males (n=89) and females (n=87)
were included in the study with age range 20–80 years.
The study period was from May–October 2012. Nonprobability purposive sampling technique was used for
data collection. A standardised questionnaire was used
to collect demographical data such as age, sex, height
and body weight were measured while wearing light
weight clothing, but not shoes. The body mass index
(BMI) was calculated as weight (Kg) divided by height
(m) squared.14 Dietary pattern was recorded as
vegetarian or non-vegetarian. Patient with renal disease,
diabetes mellitus, metabolic bone disease, malabsorption, pregnancy immobility for more than one
week, and any medication affecting bone metabolism
were excluded.
Intravenous Blood samples were collected at
the spot in vacutainers without anti-clotting agents and
centrifuged within one hour of collection. The serum
was collected in sample bottles and stored at -20 °C till
analysis. Serum levels of calcium, phosphate, 25Hydroxy vitamin D [25(OH) D] and parathyroid
hormone (PTH) were measured.
Data were analysed using SPSS-18. Data were
presented as Mean±SD for quantitative variables. The
statistical difference between variables was determined
using student’s t-test. Differences were considered
statistically significant with p<0.05.

RESULTS
In study population of 176 subjects, there were 89
(50.57%) males and 87 (49.43%) females. Table-1
shows percentage of Total vegetarians and nonvegetarians with percentages of male and female
vegetarians and non-vegetarians residing in urban and
rural areas of Sind. BMI, Vit D, PTH, Calcium, and
Phosphorus were compared in Vegetarians and Non
vegetarians with respect to the samples taken from
Urban and Rural areas using student t-test and p≤0.05,
was considered as significant.
Table-2 shows comparison of vegetarians and
non vegetarians for BMI, Vitamin D, PTH, Calcium,
and Phosphorus and a significant mean difference was
observed in BMI, Vitamin D and PTH in the two groups
(t= -2.23, df=17; t= -9.77, df=17; and t= -6.74, df=17
respectively) with p<0.05 and p<0.001. Calcium and
Phosphorus had no significant mean differences
between two groups.
Table-3
shows
comparison
between
vegetarians belonging to urban and rural areas for BMI,
Calcium, Vitamin D, and Phosphorus (t=2.09, df=81; t=
-2.44, df=81; t= -2.71, df=81; and t= -3.25, df=81) with
p<0.05 and p<0.01 respectively. PTH shows no
significant differences between the two groups.
Table-4 shows comparison among urban and
rural non-vegetarians the differences in BMI, PTH and

Calcium (t= -6.69, df=91; t= -4.52, df=91; and t=4.37,
df=91 respectively) with p<0.001 were significant.
Differences for Vit D (t=2.48, df=91) with p<0.05 were
significant. Serum Phosphorus level had no significant
difference between the two groups.
Table-1: Vegetarians and non-vegetarians from
urban and rural areas of Sindh [n (%)]
Diet
Vegetarian
[83 (47.16%)]
Non-vegetarian
[93 (52.84%)]

Area
Urban
Rural
Urban
Rural

Male
24 (13.63)
24 (13.63)
16 (9.09)
30 (17.04)

Female
16 (9.09)
19 (10. 07)
32 (!8.18)
15 (8.52)

Total
40 (22.07)
43 (24.04)
48 (27.02)
45 (25.05)

Table-2: Comparison of variables in vegetarians
and non-vegetarians
Parameters
BMI
25 (OH)D (ηg/ml)
PTH (ρg/ml)
Calcium (mg/dl)
Phosphorus (mg/dl)

Vegetarians
(n=83)
20.43±2.72
13.78±3.48
84.39±26.27
6.36±1.42
5.58±1.51

Non-Vegetarians
(n=93)
21.24±2.03
9.39±2.45
113.09±29.61
6.15±1.47
5.74±1.06

p
0.027
0.000
0.000
0.329
0.400

Table-3: Comparison of variables in urban and
rural vegetarians
Parameters
BMI
25 (OH)D (ηg/ml)
PTH (ρg/ml)
Calcium (mg/dl)
Phosphorus (mg/dl)

Rural (n=43)
19.81±2.38
14.58±3.08
82.42±26.96
6.72±1.28
6.07±1.82

Urban (n=40)
21.05±2.95
12.62±3.49
87.60±26.16
5.98±1.48
5.05±0.84

p
0.039
0.008
0.378
0.017
0.002

Table-4: Comparison of variables in urban and
rural non-vegetarians
Parameters
BMI
25 (OH)D (ηg/ml)
PTH (ρg/ml)
Calcium (mg/dl)
Phosphorus (mg/dl)

Rural (n=45)
19.80±1.88
10.02±2.79
100.07±27.42
6.78±1.57
5.53±1.16

Urban (n=48)
22.19±.55
8.79±1.93
125.29±26.41
5.56±1.09
5.94±0.93

p
0.000
0.015
0.000
0.000
0.066

DISCUSSION
Vitamin D deficiency or insufficiency is becoming more
common in developed countries. In developing
countries the prevalence of vitamin D deficiency is on
increase.15 Prolonged Vitamin D deficiency leads to
osteomalacia, while insufficiency is associated with
non-specific symptoms.16
Is body weight or body mass index (BMI)
related to serum vitamin D levels? A study reported that
high BMI leads to low vitamin D, while low vitamin D
causing an increase in BMI is not possible.17 In the
present study comparing BMI in non-vegetarians
population vs vegetarians p<0.05 was observed. It was
observed that non-vegetarians BMI belonging to either
urban or rural had comparatively higher mean values
compared to vegetarians (p<0.001). This could mean
that BMI depends upon dietary habits and life style of
an individual. When we compared BMI with serum
vitamin D levels no statistical significant correlations
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was found, which is in agreement with an Iranian
study.18 Consumption of fast food reported by nonvegetarians may be a cause of the increase in BMI.
Based on the values given for BMI19, the mean values
calculated for vegetarians and non-vegetarians (urban
and rural) in our study were within the normal range.
Vitamin D values 15–29 ηg/ml suggest
insufficiency, <15 ηg/ml suggest deficiency, below 10
ηg/ml indicate severe deficiency, while values at or
above 30 ηg/ml indicate sufficient vitamin D.20 The
present study utilised these values as markers of optimal
levels of vitamin D.
In non-vegetarians a significantly low p<0.001
vitamin D level was observed compared to vegetarians.
Similar results were observed in urban non-vegetarians
having low vitamin D levels compared to rural nonvegetarians (p<0.05). Among urban vegetarians a
significantly low vitamin D was seen compared to rural
one (p<0.001). The urban vegetarian population had
lower mean values of vitamin D compared to rural; the
findings could be due to dietary variation of urban
population having more fried food with less intake of
milk, and less exposure to sunlight. The present results
show that in urban population, vitamin D was severely
deficient in non-vegetarians while deficient in
vegetarians. Vitamin D insufficiency was prevailing in
vegetarians, and deficiency existed in non-vegetarians
irrespective of region.
Though vitamin D is fat soluble and dietary fat
enhances its absorption our results suggest that the fat or
meat in the diet creates hindrance in its absorption. Red
meat is a valuable source of vitamin D, and the vitamin
is in absorbable form, but according to Mawer and
Davies, meat causes mal-absorption of vitamin D by
some mechanism so far unknown.21 The role of meat in
the diet needs exploration.
Malabsorption of vitamin D impairs its
utilisation and in some malabsorptive states, calcium
malabsorption is the cause of hyperparathyroidism.22
Vitamin D deficiency causes secondary hyperparathyroidism and bone loss.22 Normal serum level of
PTH is 16–46 ρg/ml.23 Our study observed that PTH
levels among non-vegetarians were higher than
vegetarians with significant differences (p<0.001).
When comparing PTH levels between non-vegetarians
of urban population vs rural a significant difference
(p<0.001) existed. Our results show low vitamin D with
high PTH in all non-vegetarians and vegetarians,
irrespective of whether the subject is residing in urban
or rural areas. The present study is in agreement with
previous studies that have shown an inverse relationship
between vitamin D and parathyroid hormone.22
Vitamin D increases the level of calcium in
blood by 3 routes: Increasing the absorption of calcium
from gut, increasing renal tubular re-absorption of
calcium, and increasing release of calcium from bone.24
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Normal serum calcium levels are 9–11 mg/dl, and
normal phosphorus level is 2.7–4.5 mg/dl.27
The urban vegetarians had low mean values of
calcium and phosphorus as compared to rural. A
significant difference (p<0.05) for calcium and (p<0.05)
for phosphorus was observed. Among the nonvegetarians of urban vs rural a significant difference
(p<0.001) was observed. Serum calcium levels were
low in both urban and rural population on either diet
(vegetarian and non-vegetarian). Our study results could
be attributed to fewer intakes of milk and dairy products
among non-vegetarians.
A study carried out in South Indian vegetarians
reported inadequate dietary calcium intake associated
with high dietary phytate/calcium ratio which reduces
the bioavailability of calcium in the gut. Thus high
intake of phytate leads to low serum calcium and
vitamin D levels.26 Phytic acid is not lost on cooking
and causes chelation of calcium and also inhibits
intestinal absorption of calcium and vitamin D.27
We also observed deficiency of vitamin D and
calcium in vegetarians, which could be due to high
content of phytic acid in beans, nuts, fibre, and wholegrain foods, wheat, bran, rice bran, corn, rye, oats,
brown rice, potatoes, and green leafy vegetables. Also
there could be more consumption of potatoes in any
form. Potatoes baked, boiled, micro-waved or fried
retain virtually all of their phytate content which hinders
calcium absorption.28 Phytic acid can only be lost if
beans are soaked and cooked for a long period of time.29
Our subjects did not go through the lengthy process of
soaking and cooking for very long period of time. Our
study suggests that serum calcium and phosphorus do
not exactly predict vitamin D deficiency and therefore
serum calcium and phosphorus are poor markers of
vitamin D levels while serum 25 (OH) D and PTH are
better markers.

CONCLUSION
Non-vegetarians had vitamin D deficiency, while
vegetarians had vitamin D insufficiency irrespective of
area (urban or rural). Large scale studies are needed to
evaluate vitamin D status depending on dietary habits in
our urban and rural population.

RECOMMENDATIONS
We suggests that foods should be fortified with vitamin
D and calcium according to recommended daily dietary
allowance (RDA) as per Pakistan Council of Medical
Research (PCMR).

ACKNOWLEDGEMENTS
We thank Syed Mustansir Hussain Zaidi, Department of
Statistics, and Mr Shahid Ali, Department of
Biochemistry, Liaquat National Hospital and Medical

http://www.ayubmed.edu.pk/JAMC/25-1/Jawed.pdf

J Ayub Med Coll Abbottabad 2013;25(1-2)

College, Karachi for their assistance in the present
study.

REFERENCES
1.

2.
3.

4.
5.

6.
7.

8.

9.

10.

11.
12.

13.

14.

15.
16.

Holick MF. Sunlight and vitamin D for bone health and
prevention of autoimmune diseases, cancers and cardiovascular
disease. Am J Clin Nutr 2004;80(6 Suppl):1678S–88S.
Holick MF. Vitamin D: A millennium perspective. J cell
Biochem 2003;88:296–307.
Voet D, Voet JG. Biomolecules, mechanism of enzyme action,
and metabolism. Biochemistry Volume 1 (2004) 3rd ed. New
York; John Wiley & Sons: p. 663–4.
Holick MF. Resurrection of vitamin D deficiency and rickets. J
Clin Invest 2006;116:2062–72.
Emilion E, Emelion R. Estimation of the 25 (OH) vitamin D
thresholds below which secondary hyperparathyroidism may
occur among African migrant women in Paris. Int J vitamin Nutr
Res 2011;81(4):218–24.
Holick MF. Vitamin D deficiency. N Eng J Med 2007;357:266–
81.
Bischoff-Ferrari HA, Dietrich T, Orav EJ, Hu FB, Zhang Y,
Karlson EW. et al. Higher 25-OH vitamin concentratrions are
associated with better lower extremity function in both active and
inactive persons aged ≥60 y. Am J Clin Nutr 2004;80:752–8.
Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF.
Decrease bio-availability of vitamin D in obesity. Am J Clin Nutr
2000;72:690–3.
Elina Hypponen. Obesity leads to vitamin D deficiency.
http://www.ncl.ac.uk./news/news-articles/1302/05022013
Obesity-leads-to-vitamin D deficiency-Hyponen. [accessed on 89-2013]
Silva H, Massoud A, Ashraf A, Peyvand A Bijan I. Prevalence of
vitamin D deficiency among adult population of Isfahan City,
Iran. J Health Popul Nutr 2011;29(2):149–55.
Zuberi LM, Habib A, Haque N, Jabbar A. Vitamin D deficiency
in ambulatory patients. J Pak Med Assoc 2008;58(9):482–4.
National Nutrition Survey 2011 http:/pakresponse.in of/inClick.
asp x?
fileticket=seqAUZ5Dw%3D&tabid=117&mid=752
[accessed on 9-9-2013]
Matsuoka LY, Ide L, Wortsman J, MacLaughlin JA, Holick MF.
Sunscreens suppress cutaneous vitamin D3 synthesis. J Clin
Endocrnol Metab 1987;64:1165–8.
Sheikh SA, Baig JA, Iqbal T, Kazmi T, Baig M, Hussain SS.
Prevalence of microalbuminuria with relation to glycemic control

17.

18.

19.
20.

21.
22.

23.
24.
25.
26.

27.
28.
29.

in Type-2 diabetic patients in Karachi. J Ayub Med Coll
Abbottabad 2009;21(3):83–6.
No authors. Primary vitamin D deficiency in adults. Drug Ther
Bull 2006;44(4):25–9.
Mansoor S, Habib A,Ghani f, Badruddin S, Mansoor S et al.
Prevalence and significance of vitamin D deficiency and
insufficiency among apparently healthy adults. Clin Biochem
2010;43(18):1431–5.
Vimaleswaran KS, Berry DJ, Lu C, Tikkanen E, Pilz S, Hiraki
LT, et al. Causal relationship between obesity and vitamin D
status: bi-directional Mendelian randomization analysis of
multiple cohorts. PLoS Med 2013;10(2):e1001383.
Hashemipour S, Larijani B, Adibi H, Sedaghat M, Pajouhi
M, Bastan-Hagh MH, et al. Status of biochemical parameters in
varying degrees of vitamin D deficiency. Bone Miner Metab
2006;24:213–8.
Mass
index
calculator:
http://www.calculator.net/bmicalculator.html [accessed on 11-9-2013]
Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ,
Vieth R. Estimates of optimal vitamin D status. (Editorial).
Osteopor Int 2005;16(7):713–6.
Mawer EB, Davies M. Vitamin D nutrition and bone disease in
adults. Rev Endocr Metab Disord 2001;2(2):153–64.
Kuchuk NO, Pluijm SMF, Van Schoor NM, Looman CWN,
Smit JH, Lips P. Relationship of serum 25 hydroxyl vitamin D to
bone mineral density and serum parathyroid hormone and
markers of bone turnover in older persons. J Clin Endocrinol
Metab 2009;94(4):1244–50.
http://www.nlm.nih.gov/medlineplus/ency/article/003690.htm
[accessed on 6-9-2013]
http://www.drstandley.com/labvalues_electrolytes.shtml cal &
phosphorus. [accessed on 5-9-2013]
Calcitriol.
Wikipedia
The
free
encyclopedia.
http://en.wikipedia.org/wiki/Calcitrio. [accessed on 10-9-2013]
Harinarayan CV, Ramalakhshmi T, Vankataprasad U. High
prevalence of low dietary calcium and low vitamin D status in
healthy South Indians. Asia Pac J Clin Nutr 2004;13(4): 359–64.
http://www.naturalnews.com/030512_whole_grain_phytic_
acid.html# ixzz.2duVDxhct. [accessed on 15-9- 2013]
http://www.naturalnews.com/030512_whole_grain_phytic_acid
.html#ixzz.2duV3cHVb [accessed on 15-9-2013]
Steingrimsdottir L, Gunnarsson O, Indridason OS, Franzson L,
Sigurdsson G. Relationship between serum parathyroid hormone
levels, vitamin D sufficiency and calcium intake JAMA.
2005;294(18):2336–41.

Address for Correspondence:
Prof. Dr. Jawed Altaf Baig, Department of Biochemistry, Liaquat National Hospital & Medical College, Stadium
Road, Karachi, Pakistan
Email: jawedbaig@hotmail.com

http://www.ayubmed.edu.pk/JAMC/25-1/Jawed.pdf

155

