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Abstract

Background: Polycystic ovary syndrome (PCOS), the commonest endocrinopathy of reproductive age
women has multiple metabolic aberrations. VDD is rampant documented with high prevalence in
India. There is a lack of substantial evidence of low VD status on the subject if vegetarians are at
greater risk of VDD than non-vegetarians.
Objective: To evaluate the impact of dietary composition (veg vs. non-veg) on serum 25 OHD levels
among women with PCOS.
Methodology: In this cross-sectional study, women aged 14–40 years who fulfilled the Rotterdam 2003
criteria for diagnosis of PCOS were enrolled from institutional clinics of AIIMS, New Delhi and
SKIMS, Srinagar. Among 177 women enrolled, 74 vegetarians (from AIIMS) and 104 non-vegetarians
(from SKIMS) were evaluated using a common predesigned proforma. Detailed history, clinical food
frequency questionnaire (FFQ), examination and laboratory evaluation was carried out.
Results: The mean age of subjects (26.43 ± 4.44 vs. 26.77 ± 5.51 years) was comparable as was mean
BMI (23.51 ± 2.97 vs. 23.81 ± 4.22 Kg/m2).Total calorie intake was 1838.33 ± 298.54 vs. 1478.44 ±
404.87 kcal among non-veg and vegetarians respectively. Number of menstrual cycles/year (8.13 ± 3.40
vs. 8.02 ± 2.38), FG score (11.82 ± 4.52 vs. 11.32 ± 4.23), biochemical and hormonal parameters were
also similar except for serum alkaline phosphatase (105.46 ± 32.27 vs. 162.70 ± 42.58 IU/L), total
cholesterol (98.92 ± 24.33 vs. 81.15 ± 25.32 mg/dl), and triglycerides (135.01 ± 50.25 vs. 107.06 ± 42.10
mg/dl).The mean serum 25OHD levels did not differ significantly among non-veg and vegetarians
(15.64 ± 5.41 vs. 12.50 ± 8.39 ng/ml).
Conclusion: Women with PCOS are linked to VDD and it is marginally severe among vegetarian
women with PCOS than those consuming non-vegetarian diet.
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Introduction
Polycystic ovary syndrome (PCOS) is the most common
endocrinopathy in females of reproductive age, with the
reported prevalence from 2.2% to 26% depending on which
diagnostic criteria are used [1-3]. The disorder is characterized
by oligo-anovulation, hyper-androgenism and/or polycystic
ovarian morphology [4]. Besides, the involvement of
reproductive system, metabolic disturbances are present in
majority of the women suffering from PCOS. Among women
with PCOS, 50 to 80% are obese, 30 to 35% have abnormal
glucose tolerance (AGT), 70% have dyslipidemia, 60-70%
have insulin resistance among a barrage of other metabolic
constellations [5-7].

Vitamin D deficiency (VDD) is reported in epidemic
proportions with a documented prevalence of 70-100% among
apparently healthy Indians, similar to some published global
data [8-9]. On similar lines VDD has been reported among
67-85% of women with PCOS [10-11]. VD being essential
element in bone and mineral metabolism, has been linked to
many non-skeletal disorders including diabetes mellitus(DM),
coronary artery disease(CAD), metabolic syndrome(MS),
PCOS, malignancy etc. Many studies among PCOS women
report inverse relation between serum 25OHD levels and
metabolic risk factors such as BMI, serum total testosterone,
triglycerides, insulin resistance etc. [11-13]. This pathogenic
link between vitamin D status and PCOS metabolomics is
explainable on the basis of identification of VD receptor
(VDR), and the 1 alpha-hydroxylase enzyme in reproductive
organ tissues [14]. The finding supports this assumption that
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the active VD regulates over 300 genes, including genes that
are important for glucose and lipid metabolism besides the
gonadal function [15].

The major source of VD for most humans is casual exposure of
skin to UVB (290 to 315 nm) portion of sunlight, that
photolyzes 7-dehydrocholesterol (7-DHC) in the epidermis to
pre-vitamin D3, followed by thermal isomerization to VD3
[16]. Although factors such as amount of solar UVB radiation,
solar zenith angle, latitude, season, time of day, skin,
pigmentation etc. influence endogenous synthesis of VD, many
other factors (sun protection behavior, use of sunscreens,
increasing interest in indoor games and indoor workplaces,
concern about skin cancer etc.) prevent adequate sunlight
exposure of individuals [17-18]. Under such circumstances
dietary factors may become a limiting factor, which are
unimportant under ordinary conditions. Sea foods (fishes like
mackerel, salmon, and herring), calf liver and cod liver oil
provides a good amount of VD to non-vegetarians but dairy
products like milk, yoghurt, cheese and fortified cereals, juices
which are low in VD content, are the only source for
vegetarians [19]. This raises a question, whether vegetarians
are more prone to VDD than non-vegetarians. In view of the
above, this study was planned to evaluate the impact of dietary
habits on the status of VD among Indian women with PCOS
[20-23].

Material and Methods
In this cross-sectional study, consecutive women aged 14-40
years and diagnosed PCOS by Rotterdam 2003 criteria were
enrolled from endocrinology outpatient clinics of two tertiary
care clinics (All India Institute of Medical Sciences, New Delhi
and Sheri-Kashmir Institute of Medical Sciences, Srinagar)
located in north India. The study done from March 2014 to
April 2016 was carried out in accordance with the Helsinki
declaration 1975 and was approved by respective Institute
Ethics Committees of AIIMS, New Delhi and SKIMS,
Srinagar.

Subject selection
Clinical assessment: All consecutive women, aged 14-40 years
attending these outpatient clinics for complaints of menstrual
disturbances, hirsutism, acne vulgaris, androgenic alopecia,
infertility etc., were informed about the study. The women who
volunteered to be part of the study were asked to sign an
informed consent to undergo further evaluation using a
common predesigned proforma at both the centers. A detailed
interview was taken about the menstrual cyclicity including
age of menarche, regularity, duration, and number of cycles per
year. Menstrual disturbances were classified as oligomenorrhea
(≤ 8 cycles/year or menstrual interval >35 days) and
amenorrhea (absence of menses in last six or more months).
Other history included temporal profile of weight gain,
duration of infertility, family history of PCOS, family history
of type 2DM, drug intake, progression and distribution of
hirsutism, severity and treatment response in acne vulgaris etc.
Exclusions were made if the women were pregnant, had

hyperprolactinemia, thyroid dysfunction, androgen-secreting
tumours, Cushing ’ s syndrome or Non classic congenital
adrenal hyperplasia (NCAH). Women refusing consent, or with
any systemic disorders or those with history of intake of drugs
(VD, calcium, oral contraceptive pills, antiandrogens, insulin
sensitizers or drugs known to affect glucose, insulin, or VD
metabolism) in last 3 months were also excluded. A detailed
diet review using a food frequency questionnaire (FFQ) and 72
hours dietary recall undertaken by qualified and trained
dieticians to quantify various dietary components using
specially designed diet software (Diet Cal, Profound Tech
solutions, New Delhi) at both centres. For purposes of study,
women who consumed meat/chicken/fish/egg at least 5 days a
week at least for the preceding one year were considered as
non-vegetarian and those who strictly adhered to plant and
dairy based diets were taken as vegetarians.

Anthropometric assessment included measurement of height
(cm), body weight (kg), waist and hip circumference (cm) with
calculation of BMI (kg/m2) using standard scales. Modified
Ferriman-Gallwey (FG) score was used to assess the degree of
hirsutism and a score of 8 (out of a total of 36 from nine body
areas) was taken as significant [24].

Laboratory evaluation: Blood samples were collected on 3rd to
7th day (early follicular phase) of spontaneous menstrual cycle
in regularly menstruating women or after medroxyprogesterone
acetate withdrawal bleed. Samples were taken after an
overnight (8-10h) fast with a stable diet for preceding 72 hours.
The samples were aliqouted for biochemical estimations
(calcium, phosphorous, liver function, kidney function, lipids)
to be estimated on the same day while as aliquots for hormones
(serum total T4, TSH, LH, FSH, prolactin (PRL), total
testosterone, 17-OHP, cortisol (morning 8am) and 25OHD
were stored at -800C for assay at a later date. The polycystic
ovarian morphology (presence of 10 or more peripheral
follicles each measuring 2-8mm) was assessed with trans-
abdominal ultrasonography performed in the follicular phase
by a single sonologist at each centre using 7.5 MHz probe
(AlokaSSD-500, Tokyo, Japan) to quantitate ovarian volume,
count ovarian follicle number and assess thecal hyper
echogenicity.

Assays
Biochemical parameters were estimated on a fully automated
biochemistry analyser (DiaSys respons®910, Germany) using
standard commercially available kits with standard
methodology. Hormonal (T4, TSH, LH, FSH, PRL, total
testosterone, 17-OHP, cortisol assays including serum
25OHDlevels were done by electrochemiluminescence
immunoassay (Cobas e411; Roche Diagnostics Limited, USA)
except for plasma 17-OHP which was assayed by ELISA using
commercial kits (Diagnostics Biochem, Ontario, Canada)
according to supplier protocol. Glucose tolerance was
categorized according to WHO 1999 criteria. A total serum
testosterone >45ng/dl was taken as biochemical
hyperandrogenism.
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Statistical Analysis
The Statistical Package for Social Sciences 22 software was
used for statistical analysis (SPSS Chicago, IL, USA). The
results are represented as means ± standard deviation and log
was transformed wherever necessary. Differences in
concentrations of serum 25OHDlevels were evaluated by using
a two-tailed unpaired Student’s t test. Pearson correlation was
used to correlate 25OHDlevels levels with dietary fat content.
Parameters with p value <0.05 were considered significant.

Results
A total of 200 women with PCOS were enrolled from both the
centres after employing inclusion criteria out of which, the data
of 178 (n=74 vegetarian from AIIMS ND and n=104 non-
vegetarian women from SKIMS Srinagar) was analysed after
exclusions. Table 1 draws comparison of clinical, biochemical
and hormonal parameters between the two groups. Briefly the
groups were comparable as regards mean age (26.77 ± 5.51 vs.
26.43 ± 4.44 years) and mean BMI (23.51 ± 2.97 vs. 23.81 ±
4.22 Kg/m2). Total calorie intake was 1838.33 ± 298.54
Kcal/day vs. 1478.44 ± 404.87 Kcal/day among non-
vegetarians vs. vegetarians respectively. Non-vegetarian diets
contained significantly higher amount of carbohydrates
(239.86 ± 70.83 vs. 237.52 ± 73.26 gms), fats (39.86 ± 10.83
vs. 34.91 ± 15.26 gms) and proteins (55.16 ± 11.72 vs. 46.11 ±
13.13 gms) as compared to vegetarian diets. On further
analysis, no significant difference was observed between

saturated fatty acid (SFA) and monounsaturated fatty acid
(MUFA) consumption between two groups, but vegetarian
diets contained significantly higher amount of polyunsaturated
fatty acids (PUFA). Thus, the dietary ratio of MUFA/PUFA
was significantly higher in non-vegetarian diet as compared to
vegetarian diet.

Number of menstrual cycles/year (8.13 ± 3.40 vs. 8.02 ± 2.38),
FG score (11.82 ± 4.52 vs. 11.32 ± 4.23), biochemical (LFT,
KFT, calcium, phosphorus) were also similar among non-
vegetarians and vegetarians except for serum alkaline
phosphatase (105.46 ± 32.27 vs. 162.70 ± 42.58) which was
higher and total cholesterol (98.92 ± 24.33 vs. 81.15 ± 25.32),
triglycerides (135.01 ± 50.25 vs. 107.06 ± 42.10) which were
lower among vegetarian subgroup as compared to non-
vegetarians subgroup (p<0.01). All the hormone parameters
were comparable except serum25OHD (15.64 ± 15.41 vs.
12.50 ± 8.39 ng/ml) and total testosterone (47.42 ± 24.54 vs.
30.22 ± 23.31) levels, which were marginally higher among
non-vegetarians.

As per IOM criteria, VDD was found between62.2% non-
vegetarian and 61.2% of vegetarian women with PCOS, while
5.4% non-vegetarian and 17.4% vegetarian qualified to have
insufficient VD levels (Figure 1). On the basis of cut-offs
prescribed by ES guidelines, VDD and VD insufficiency were
seen in 67.6% & 62.2 % of non-vegetarian and 16.25% & 28.1
% of vegetarians PCOS women (Table 2).

Table 1: Showing comparison of clinical, biochemical and hormonal parameters among vegetarian vs. non-vegetarian women with PCOS.

Characteristics Non-vegetarian PCOS women N= 74 (Mean
± SD)

Vegetarian PCOS women N= 103
(Mean ± SD) p value

Age (years) 26.43 ± 4.44 26.77 ± 5.51 0.646

No.of menstrual cycles /year 8.13 ± 3.40 8.02 ± 2.38 0.76

Height (cm) 157.01 ± 4.90 156.05 ± 6.07 0.24

FG score 11.82 ± 4.52 11.32 ± 4.23 0.43

Weight (Kg) 57.94 ± 7.84 57.80 ± 9.99 0.91

BMI (Kg/m2) 23.51 ± 2.97 23.81 ± 4.22 0.58

Waist circumference (cm) 82.45 ± 9.18 83.09 ± 12.12 0.69

SBP (mmHg) 115.20 ± 8.81 116.07 ± 14.89 0.64

DBP (mmHg) 76.72 ± 8.15 76.53 ± 10.53 0.9

Serum total calcium (mg/dl) 9.24 ± 0.53 9.11 ± 0.54 0.11

Total Energy intake (kcal) 1838.33 ± 298.54 1478.44 ± 404.87 0.01

Totalcarbohydrateintake (gms/day) 304.84 ± 52.65 237.52 ± 73.26 0.01

Totalfat intake (gms/day) 39.86 ± 10.83 34.91 ± 15.26 0.01

Serum phosphorous(mg/dl) 3.60 ± 0.48 3.51 ± 0.50 0.21

Serum ALP (IU/L) 105.46 ± 32.27 162.70 ± 42.58 0.01

Fasting plasma glucose (mg/dl) 86.00 ± 9.93 87.27 ± 10.32 0.42

Serum total cholesterol (mg/dl) 167.42 ± 33.83 154.95 ± 31.51 0.01
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Serum triglyceride(mg/dl) 135.01 ± 50.25 107.06 ± 42.10 0.01

Serum LDL(mg/dl) 98.92 ± 24.33 81.15 ± 25.32 0.01

Serum HDL (mg/dl) 47.50 ± 16.19 46.73 ± 11.79 0.73

Serum 25 OHD (ng/ml) 15.64 ± 5.41 12.50 ± 8.39 0.11

Serum FSH (IU/L) 6.51 ± 1.50 6.90 ± 2.67 0.26

Serum LH (IU/L) 6.98 ± 3.11 6.80 ± 2.83 0.68

Serum total testosterone (ng/ml) 47.42 ± 24.54 30.22 ± 23.31 0.01

Serum total T4 (µg/dl) 8.4 ± 1.58 8.8 ± 1.69 0.11

Serum TSH(µIU/ml) 2.79 ± 1.41 2.82 ± 1.56 0.9

Serum prolactin (ng/dl) 15.55 ± 5.62 16.07 ± 5.14 0.53

Table 2: Vitamin D status according to IOM and ES Guidelines.

Vitamin D

IOM Guidelines ES Guidelines

Non-vegetarians Vegetarian Non-vegetarian Vegetarian

N (%) N (%) N (%) N (%)

Deficient 46(62.2) 63(61.2) 50(67.6) 84(62.2)

Insufficient 4(5.4) 18(17.5) 12(16.2) 16(28.1)

Sufficient 24(32.4) 22(21.4) 12(16.2) 3(9.7)

Total 74(100.0) 103(100.0) 74(100.0) 103(100.0)

Note: IOM=Institute of Medicine, ES=Endocrine Society

Figure 1: Showing vitamin D status among PCOS women according
to different guidelines.

Discussion
VDD is linked to negative consequences on non-skeletal health
including worsening of metabolic derangements among women
with PCOS. Vegetarians may be at greater risk of VDD than
non-vegetarians, since animal sources are believed to be rich in
vitamin D. In view of the significant role played by VD in
functioning of female reproductive system, the present study
was intended to explore how dietary habits affect serum
25OHD levels in PCOS women and assess its impact on their
metabolomics.

The main findings of the study are that PCOS women from
both the centers were young (between 2nd and 3rd decade) and
lean (BMI range 20 to 25 Kg/m2) with matching mean age and
BMI among the vegetarian and non-vegetarians subgroups.
PCOS women from Srinagar were having higher mean total
testosterone levels, which are consistent with our earlier
findings and may be attributable to ethnic differences among
these women [25]. The present study observed higher intake of
calories rich in carbohydrates, fats and proteins with
consequently lower serum ALP levels and elevated serum total
cholesterol, LDL and TG levels among non-vegetarians as
compared to vegetarians. The findings are expected and are
supported by the earlier published data [26]. Higher
consumption of fruit and vegetable based diets, rich in fiber,
folic acid, antioxidants, and phytochemicals explain these
findings. Although, dietary contents of SFA and MUFA were
not different among the two groups, vegetarian diets contained
significantly higher amount of PUFA and lower dietary ratio of
MUFA/PUFA, no significant correlation between MUFA
intake, PUFA intake or ratio of MUFA/PUFA with serum
25OHD levels was observed in both non- vegetarians and
vegetarians. In the rat studies of Hollander and colleagues, it
was found that higher fat in meals was associated with
increased absorption of VD by increasing the solubility,
changing the partition coefficient and increasing the size of the
micelle [27-28]. Though, the fat content of meal did enhance
absorption of the VD supplement, but the ratio of MUFA:
PUFA in the meals did not influence its absorption, showing
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that the impact of the fat composition of meals on VD
absorption and increment in serum 25OHD remains to be
determined [29].

High prevalence of VDD/insufficiency as per IOM as well as
ES criteria, observed both in vegetarians & non-vegetarians
subgroups in the present study is consistent with the results of
other studies [11]. Several factors such as poor sun exposure,
sedentary life style, cultural practice of covering the body in
females, use of sunscreen and increasing air pollution probably
contribute to this high prevalence of VDD among Indian
adolescents and adult women with PCOS. Though, the mean
serum VD levels were lower in vegetarians (12.50 ± 8.39
ng/ml) as compared to non-vegetarians (15.64 ± 15.41 ng/ml),
this difference was not statistically significant. VD has been
increasingly recognized to play an important role in
functioning of reproductive system especially of women, as it
has been found to enhance key steroidogenic enzymes in
granulosa cells of ovaries [30]. PCOS, the commonest
endocrinopathy of reproductive age women has also been
linked to VDD, besides being incriminated in worsening of
metabolic parameters among PCOS women [11-12]. VDD
during intrauterine life has been shown to lead to low birth
weight (LBW) [31]. LBW has been associated with precocious
pubarche and precocious adrenarchevia promoting insulin
resistance, who are in turn at increased risk of developing
PCOS [32-34]. Most of foods that are rich source of VD are
generally of animal origin while unfortified milk, which is one
of the main sources of VD among vegetarians, contains only
3-40 IU of VD/100ml liable to be reduced further by dilution
and adulteration of milk. The only vegetarian food rich in VD
is mushroom, which is not consumed regularly in adequate
amounts due to lack of taste, availability and cost factor [35].
Other factors that predispose vegetarians to VDD are:
vegetarian sources provide less active form of VD i.e. vitamin
D2, poor absorption due to high phytate in Indian diet [36-37]
and thermal degradation by deep frying [27]. In light of the
above factors some studies have found higher prevalence of
VDD among vegetarians [20-21]. On the contrary other hand
Adventist Health Study-2, found no association between VD
levels and vegetarian status [22]. Yet other studies gave
contrasting results and VD levels were significantly low in
non-vegetarians attributed to impaired absorption of VD by
meat in the non-vegetarian diet [38].

Although the present study has several limitations such as: a)
subjects were recruited from different geographical locations
with different longitude, latitudes and zenith angles. b) Season
of the year, skin color, duration and extent of sunlight exposure
per day, pollution levels etc. were unaccounted, c) there was no
control group and d) sample size was small with no PTH
estimation, this is the first study among Indian women with
PCOS exploring impact of dietary practices on serum 25 OH D
levels.

We conclude that VDD is highly prevalent among young lean
Indian women with PCOS and vegetarian diet puts them at
marginally higher risk of VDD. Well-designed study on a
larger cohort of subjects controlled for confounding factors is
likely to address the issue.
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