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INTRODUCTION 

Vitamin D is an essential nutrient which is crucial for 

bone growth and mineralisation through its action on the 

metabolism of calcium and phosphorus.1 Research over 

the past decade has shown association between low 

vitamin D levels and cardiovascular, respiratory illness 

and altered glucose homeostasis.2 Vitamin D deficiency 

in pregnancy can be linked to adverse outcomes including 

pre-eclampsia, gestational diabetes, caesarean section, 

growth restriction and low vitamin D levels in infancy.3-5 

Vitamin D deficiency is defined as levels less than 

20ng/ml as per the Institute of Medicine (IOM) and the 

endocrine society.6 Value between 21-29 ng/ml of 

vitamin D is considered as insufficiency. Recent studies 

have identified Vitamin D deficiency as a global 

problem, with high prevalence of vitamin D levels less 

than 10ng/ml in the Asian and Middle eastern countries.7 

Prevalence of 95-97% has been reported in the studies 

done in North India.8 Current guidelines from WHO does 

not recommend vitamin D supplementation to improve 

maternal and perinatal outcomes but suggest 
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supplementation of 200 IU per day in those with 

documented vitamin D deficiency.9 

Aim was to estimate the prevalence of vitamin D 

deficiency in pregnant women and their infants in South 

India. The secondary objectives, were to assess the 

correlation between vitamin D deficiency and maternal 

factors, such as mother’s parity, social factors 

(community, average time outdoors, dietary pattern, 

current vitamin D supplementation, BMI), mode of 

delivery, neonatal outcomes and to identify the effects of 

maternal vitamin D deficiency on the infant.  

METHODS 

This prospective cohort study was done in the 

Department of Obstetrics, Neonatology and Paediatrics in 

a tertiary centre in South India. The study was approved 

by the IRB and ethics committee. Pregnant women with 

singleton pregnancy after 36 weeks of gestation who 

were seen in the antenatal clinic were invited to 

participate in the study. The nature of the study was 

explained and an informed written consent was obtained. 

The study was carried out between April 2014 and 

October 2015. 

The exclusion criteria were pregnancy complicated by 

diabetes, hypertension, chronic kidney disease and 

multiple pregnancies. With a relative precision of 10%, 

confidence level of 95% and expectant prevalence of 

72% vitamin D deficiency, based on studies done in 

North India, the sample size was calculated as 150 

participants.10 The details including obstetric score, 

occupational and educational status, parity, area of 

residence, religious background including using burqa 

(religious body cover), dietary history and sunlight 

exposure history were obtained. 

Body mass index was calculated and skin tone 

measurement done using Fitzpatrick skin type Chart 

measurement. The skin colour was checked in the 

exposed side of the hand and categorised accordingly. 

Venous sample for serum vitamin D levels were obtained 

in a clotted tube at the time of recruitment. 25- OH 

Vitamin D levels were measured by the electro 

chemiluminescence immunoassay (ECLIA- Roche E170 

immunoassay system). The measurement range of the 

assay was 3.0 to 70ng/ml. Vitamin D level of less than 

20ng/ml was taken as deficiency. 

The delivery details including gestation at delivery, onset 

of labour and mode of delivery, intrapartum and 

postpartum complications were recorded. The baby 

details and neonatal events were also obtained. The 

babies were followed up between 10-20 weeks of age 

when the details including length, weight, feeding status, 

supplements and hospital admissions were obtained and 

the blood samples for vitamin D, calcium, phosphate and 

alkaline phosphatase were taken. Serum vitamin D levels 

less than 20ng/ml was taken as deficiency. The infant was 

also examined for features of rickets by the paediatrician. 

Serum calcium of 9-11mg%, phosphate of 4-6.6mg% and 

alkaline phosphate of 150-420U/L were taken as normal.  

Statistical analysis 

Descriptive statistics was used, such as number and 

percentage for categorical variable and Mean and SD or 

as median with inter quartile range (IQR) for all the 

continuous variables. Histogram was done for continuous 

variables to study the distribution. When the histogram 

suggested normal distribution, independent t-test was 

applied, and if the distribution was non-normal, Mann-

Whitney U test was used to compare between groups. 

Chi-square test was used for association between 

deficiency and other variables. P value at 5% level 

significance was considered as statistical significance. 

Analysis was done using SPSS software 16.0 versions.  

RESULTS 

150 women were recruited in the study after informed 

written consent. Vitamin D results were unavailable in 5 

pregnant women. Hence, a total of 145 women were 

included in the study. Three women were lost to follow 

up and did not come for the delivery in our hospital. The 

mean age of the pregnant women was 27.41 years.  

 

Figure 1: Categorisation of maternal vitamin D levels. 

Table 1 shows the general characteristics of the antenatal 

women recruited in the study.  Majority of the women 

were from Vellore (75.2%) where the study was 

conducted. Most of the women in the study were not 

employed (78.6%), Hindu by religion (86.2%), 

Fitzpatrick skin tone IV (77.2%) and of normal BMI 

(51.7%). 

Out of the 142 women who delivered in our hospital, 76 

babies were followed up between 10-20 weeks of age 

(Mean 11.75±3.5 weeks), out of which 3 vitamin D 

samples were insufficient for analysis. Figure 1 shows the 

distribution of vitamin D levels in the pregnant women. 
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Vitamin D deficiency defined as 25(OH) vitamin D levels 

less than 20ng/ml was identified in 64.8% (n=94) 

pregnant women out of which vitamin D levels of less 

than 10ng/ml were noted in 22.4% (n=32). Among the 73 

infant samples that were analysed, 72.6% (n=53) infants 

had levels less than 20ng/ml. There was no evidence of 

clinical rickets in any of the infants. 

 

Table 1: Maternal demographic characteristics. 

Characteristics Numbers (n=145) Percentage (%) 

Area of residence 

Vellore 109 75.2 

Rest of Tamil Nadu 32 22.1 

Andhra Pradesh 4 2.8 

Occupation   

Housewife 114 78.6 

Clerical work 23 15.8 

Labourer 5 3.4 

Professional 3 2.2 

Obstetric score   

Primigravida 70 48.3 

Multigravida 75 51.7 

Gestation at recruitment 

36+0 to 36+6 weeks 20 13.8 

37+0 to 37+6weeks 37 25.5 

38+0 to 38+6 weeks 43 29.7 

39+0 to 39+6 weeks 29 20.0 

40+0 to 40+6weeks 16 11.0 

BMI   

Underweight 5 3.4 

Normal 75 51.7 

Overweight 56 38.6 

Obese 9 6 

Religion   

Christian 4 2.8 

Hindu 125 86.2 

Muslim 16 11 

Burqa (Religious head and body covering) 

Yes 15 10.0 

No 130 90.0 

Milk intake   

Less than 500ml/day 128 88.3 

More than 500ml/day 17 11.7 

Skin tone (Fitzpatrick classification) 

Type 3 20 13.8 

Type 4 112 77.2 

Type 5 13 9.0 

 

Induction was done for various reasons in 53.8% (n= 78) 

of the women while 43.4% (n= 64) of the pregnant 

women went into labour spontaneously. Around 72% 

(n=106) delivered vaginally out of which instrumental 

delivery was required in 13% (n=20).  

The remaining 24.8% of the women had caesarean 

section for various obstetric causes.  

Table 2 shows the association between various factors 

and maternal vitamin D levels. No significant association 

was identified on the vitamin D levels based on the 

occupation, educational qualification, BMI, religious 

background and skin tone. The average hours of sunlight 

exposure among those with vitamin D deficiency was 3.6 

hours/week and those with normal vitamin D levels were 

6.2 hours/week which was statistically significant (p 

value 0.002). 
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Table 2: Association between risk factors and maternal vitamin D deficiency. 

Characteristics 
Normal Vitamin D n=51           

(%) Mean±SD 

Vitamin D deficiency n=94 

(%) Mean±SD 
P value 

Occupation    

Housewife 43 (37.7) 71 (62.3) 0.676 

Office work 6 (27.3) 16 (72.7)  

Labourer 1 (16.7) 5 (83.3)  

Professional  1 (33.3) 2 (66.7)  

BMI    

Underweight 1 (20.0) 4 (80.0) 

0.624 Normal 29 (38.7) 46 (61.3) 

Overweight 21 (32.3) 44 (67.7) 

Sunlight exposure    0.002 

(hours/week) 6.23±6.72 3.6±3.98 
 

(Median(IQR)) 4 (2.7) 2 (1.4) 

Skin tone    

Type III 7 (35.0) 13 (65.0) 
 

0.748 
Type IV 41 (36.6) 71 (63.4) 

Type V 3 (23.1) 10 (76.9) 

Religion    

Christian 1 (25.0) 3 (75.0) 

0.375 Hindu 47 (37.6) 78 (62.4) 

Muslim 3 (18.8) 13 (81.3) 

Qualification    

Primary/Sec school 19 (45.2) 23 (54.8) 

0.261 Graduate 19 (30.2) 44 (69.8) 

Post graduate/Professional 13 (32.5) 27 (67.5) 

Mode of delivery    

Normal  25 (29.1) 61 (70.9) 

0.205 Instrumental 8 (42.1) 11 (57.9) 

Caesarean section 16 (44.4) 20 (55.6) 

 

Table 3 shows the mean vitamin D levels in the mother 

and the infants. The mean vitamin D level in the pregnant 

women was 17.47±8.4 ng/ml (n=145). Among the 73 

infants, the mean vitamin D level was 14.56±9.13ng/ml. 

The mean serum calcium was 10.03±0.36 mg%, serum 

phosphate was 5.684±0.68 mg% and alkaline 

phosphatase was 323.3±117.5 U/L. 

Table 3: Mean vitamin D levels in mother and                    

infants (ng/ml). 

Serum Vitamin D levels Mean ± SD in ng/ml 

Maternal vitamin D levels 17.47±8.4 

Infant vitamin D levels 14.56±9.13 

 

Table 4: Comparison between maternal vitamin D levels and baby outcomes. 

Baby outcomes 
Maternal Vitamin D deficiency 

(n=45) 

Normal Vitamin D 

(n=28) 
P value 

Birth weight 3018.5±379.5 3115.1±410.4 0.178 

SGA 21 (22.6) 13 (26.5) 0.604 

Infant vitamin D levels 

vitamin D deficiency 
37 (82.2%) 16 (61.5%) 0.0535 

Alkaline phosphatase Mean ± SD 357.47±129.15 275.71±79.57 0.002 

Elevated alkaline phosphatase 13 (28.9%) 1 (3.6%) 0.007 
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Table 4 shows association of maternal vitamin D 

deficiency and infant outcomes. The average birth weight 

was 3057.2±462.8g. There was no significant association 

between maternal vitamin D deficiency, birth weight and 

small for gestational age. Vitamin D deficiency was 

noted in 82.2% (n=37) of the infants born to mothers with 

vitamin D deficiency and 61.8% (n=16) of infants born to 

mothers with normal vitamin D levels which showed 

borderline significance with p value of 0.053.  Alkaline 

phosphatase levels were significantly high in the infants 

born to mothers with vitamin D deficiency (n= 13, 

29.5%) when compared to the infants whose mothers had 

normal Vitamin D levels (n=1, 3.6%) with a p value of 

0.007. Serum calcium levels were normal in all the 

infants. Alkaline phosphatase was elevated in 20.8% 

(n=11) babies with vitamin D deficiency and 16.7% 

(n=3) babies with normal Vitamin D levels (p value 

0.69). 

DISCUSSION 

Cutaneous vitamin D3 (cholecalciferol) along with those 

derived from animal sources and Vitamin D2 

(ergocalciferol) derived from plants are hydroxylated in 

the liver to 25(OH) cholecalciferol. This is further 

hydroxylated into the most active form 1, 25(OH) 

cholecalciferol) in the kidneys.1 Since 25(OH) 

cholecalciferol is the most stable form with long half-life 

of 15 hours, it is used as the biomarker for vitamin D 

levels.11 25(OH) vitamin D, the active form of vitamin D 

crosses the placenta and previous studies have shown the 

cord vitamin D levels was equal or up to 20% lower of 

the maternal vitamin D levels.12 

This study found the prevalence of vitamin D deficiency 

in pregnant women of our population in Vellore 

(latitude1 2°56′N, longitude 79°8′E), South India to be 

more than 60% in spite of abundant sunshine. Veena et al 

found similar rates of vitamin D deficiency in pregnant 

women from South India.13 However, studies from North 

India have shown higher rates.8,14 According to the study 

done by Arora et al, the prevalence was 95.5% and 

similar rate of 93.5% was reported by Sharma et al. This 

is probably due to the difference in the amount of 

sunshine between the two parts of the country.  

Vitamin D deficiency is attributed to various risk factors 

including ethnic origin, economic status, skin tone, food 

intake, maternal weight, duration and timing of sunlight 

exposure.6,15 However, the differences between the two 

groups did not show statistical significance in our study 

except for the duration of sunlight exposure. This is 

probably due to the smaller sample size. 

Research on the association between vitamin D 

deficiency and low birth weight has produced conflicting 

results. Review done by Thorne-Lyman showed that 

majority of studies showed no association while larger 

study by Leffelaar et al, showed significant 

association.16,17 Our study did not show difference in 

birth weight between those with normal Vitamin D and 

those with deficiency and no association between vitamin 

D deficiency and small for gestational age.  

We noted significantly high levels of alkaline 

phosphatase in infants at 10-20 weeks of age who were 

born to mothers with Vitamin D deficiency which 

indicates risk of developing bone disease. This suggests 

that maternal vitamin D deficiency is an independent risk 

factor for developing rickets in infants less than 6 months 

of age. 

Vitamin D deficiency in the neonate is a global problem 

due to the high prevalence of maternal vitamin D 

deficiency. In this study, the vitamin D deficiency was 

noted in 72.6% of the infants who were followed up 

between 10-20 weeks of age. Recent study in Japan by 

Nakano et al also showed similar results with vitamin D 

levels less than 20ng/ml in 75% of the infants.18 Study on 

healthy breastfed infants in Delhi (North India) showed a 

prevalence of 86.5%.19 

Food fortification and targeted Vitamin D 

supplementation policies are recommended when the 

public health convention or the disease burden is >20%.1 

Our study adds evidence of high prevalence of vitamin D 

deficiency in the pregnant women and their infants in 

South India as seen in other studies from North of India. 

Indian Academy of Paediatrics has recommended routine 

vitamin D supplementation of 400 IU/day till 1 year of 

age to prevent rickets.20 Currently, national guidelines on 

routine vitamin D supplementation in pregnancy is not 

available in India.  

CONCLUSION 

This study highlights the need for identification of 

vitamin D deficiency in pregnancy and in infancy and 

need for a national guideline on vitamin D 

supplementation and treatment in pregnancy. This study 

also emphasis treating vitamin D deficiency in pregnancy 

to reduce the risk of developing rickets in infancy. 

Further studies are required to identify the risk reduction 

by correcting maternal vitamin D levels. Improving 

awareness among the public and health care 

professionals, food fortification, targeted national 

programme on vitamin D supplementation can help in 

reducing the prevalence of vitamin D deficiency in 

pregnancy. 
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