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globe. Various studies have revealed the high prevalence 
of  25-hydroxy Vitamin D deficiency in women of  all age 
groups, including antenatal and lactating mothers.9-11 It 
is well known that deficiency of  25-hydroxy Vitamin D 
can cause various musculoskeletal manifestations. But 
various metabolic, non-musculoskeletal effects of  
25-hydroxy Vitamin D deficiency are also now being 
unraveled. This includes immunomodulatory, anti-
tumoral aspects of  25-hydroxy Vitamin D. Various 
authors have also reported a relationship between low 
25-hydroxy Vitamin D levels and adverse outcome of  
pregnancy including hypertension, gestational diabetes 
mellitus, preterm delivery and various congenital 
anomalies. Long-term effects on off-spring health 
also been seen as an impact of  maternal 25-hydroxy 
Vitamin D levels.12
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A B S T R A C T

Background: It is well known that deficiency of 25-hydroxy Vitamin D can cause various 
musculoskeletal manifestations as well as metabolic, non-musculoskeletal abnormalities. There 
may be a chance that hypovitaminosis D can act as a causative factor for congenital anomalies. 
Aims and Objective: The present study was planned to evaluate the level of 25-hydroxy 
Vitamin D in cord blood in cases of congenital anomalies and its association with cord blood 
fluoride levels in newborns with visible congenital anomalies. Materials and Methods: Thirty 
newborns with visible congenital anomalies were included in group I and thirty healthy newborns 
without any congenital anomalies were included in group II. Ten mL cord blood was collected 
from the placental end of umbilical cord immediately after delivery of the baby and serum was 
separated. Serum 25-hydroxy Vitamin D and fluoride were analyzed by standard methods. 
Statistical analysis: Results were expressed as Mean ± SD. Unpaired ‘t’ test and Pearson 
correlation test were applied. Data were considered to be significant if p < 0.05. Results: Serum 
25-hydroxy Vitamin D levels were significantly decreased in babies with congenital anomalies 
(p=0.001) and show a significant negative association with fluoride. Anomalies related to 
central nervous system and musculoskeletal systems had the lowest 25-hydroxy Vitamin D levels 
and highest serum fluoride levels than other anomalies of other systems. Conclusion: Fluoride 
can acts as an inhibitor for activation of calciferol causing a decrease in 25-hydroxy Vitamin D 
levels. Thus 25-hydroxy Vitamin D is an important micronutrient for proper development of the 
fetus and association of it with excess fluoride can cause congenital anomalies.
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INTRODUCTION

Congenital anomalies (birth defects) can be defined as 
structural or functional abnormalities (e.g.,  metabolic 
disorders) that occur during intrauterine life and can be 
diagnosed prenatally, at the time of  birth or after birth and 
later in life. There are various factors causing congenital 
anomalies including socioeconomic and demographic 
factors,1,2 genetic factors,3 various infections like rubella, 
cytomegalovirus, toxoplasmosis, Zika virus etc.,4-6 deficiency 
of  various micronutrients like iodine, folic acid, iron, vitamin 
A7 and lastly environmental factors like exposure to different 
cytotoxic chemicals and teratogenic compounds.8

25-hydroxy Vitamin D is an important micronutrient and 
its deficiency and insufficiency are common across the 
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Drinking water is another major issue of  concern in the 
context of  children’s health. Heavy metals, arsenic and 
fluoride are toxic to fetus, infants and children below 
12 years of  age. In India, excess fluoride problems have 
been detected in 20 states and arsenic in two states. 
A study has been reported regarding serum fluoride levels 
in neural tube defects and they observed higher levels 
of  fluoride levels in these infants.13,14A few studies of  
human populations have suggested that fluoride might 
be associated with alterations in reproductive hormones, 
fertility and Down’s syndrome.15

It has also been seen in animal studies that supplements 
of  25-hydroxy Vitamin D3 completely prevented the 
rachitogenic effects of  fluoride.16As fluoride toxicity 
causes hypovitaminosis D, it may affect the outcome of  
pregnancy also. The data regarding 25-hydroxy Vitamin D 
levels in case of  adverse outcome of  pregnancy especially 
in congenital anomalies are very less.

No such studies are available in the Indian context, 
especially in Haryana. Hence the present study was 
planned to evaluate the level of  25-hydroxy Vitamin D 
in cord blood in cases of  congenital anomalies and its 
association with cord blood fluoride levels in newborns 
with visible congenital anomalies in Indian population 
to collect baseline data so that preventive and diagnostic 
measures can be planned in environmental health studies 
for Indian children.

MATERIALS AND METHODS

The present study was conducted in the Department of  
Biochemistry in collaboration with the Department of  
Obstetrics & Gynecology, Pandit Bhagwat Dayal Sharma 
PGIMS, Rohtak. The study was ethically approved from 
the Ethical Committee of  the institution. Sixty babies 
delivered in the labor room were selected for the study. 
They were divided into two groups. Thirty newborns with 
visible congenital anomalies were included in group  I. 
Only babies with visible congenital anomalies were 
taken as inclusion criteria for this group. This group was 
compared with group  II, which were taken as controls 
and comprised of  thirty healthy newborns without any 
congenital anomalies.

All the patients were subjected to detailed history and 
clinical examination. Ten mL cord blood was collected 
from the placental end of  umbilical cord immediately 
after delivery of  the baby. The serum was separated by 
centrifugation and routine investigations were done on 
the same day and serum for special investigations was 
preserved at -20o C till analysis.

•	 Serum 25-hydroxy Vitamin D was estimated by using 
Beckman-Coulter kit using RIA method in SR 300 
STRATEC.17

•	 Serum Fluoride levels were measured by ion selective 
electrode (ISE).18

Results were expressed as Mean ± SD and unpaired ‘t’ 
test and Pearson correlation test were applied. Data were 
considered to be significant if  p < 0.05.

RESULTS

Cleft lip (n=7) was the most common congenital anomaly 
in the present study, while CTEV was the second most 
common (n=6). Hypospadias, polydactyly, spina bifida 
showed a similar distribution with three cases each; limb 
defect (DDH) was seen only in two cases. Omphalocele, 
anencephaly, gastroschisis, encephalocele, cleft palate and 
imperforate anus were seen in one case each.

In the present study, serum 25-hydroxy Vitamin D levels were 
significantly decreased in babies with congenital anomalies as 
compared to healthy counterparts (p=0.000, Table 1).

Serum 25-hydroxy Vitamin D showed a negative correlation 
with serum fluoride in both the groups and the association 
was statistically significant in both groups (r=-0.910 vs. 
r=-0.715, p=0.000, Table 2).

Babies with congenital defects related to the central nervous 
system and the musculoskeletal system had the lowest 
serum 25-hydroxy Vitamin D levels and highest serum 
fluoride levels. Though there was no statistically significant 
difference in the levels of  both the parameters between the 
groups based on different developmental system (Table 3).

DISCUSSION

25-hydroxy Vitamin D, which has emerged from its obscure 
place in science as a forgotten vitamin that was only 
associated with bone and calcium metabolism to become 
one of  the most celebrated and controversial vitamins/
micronutrients in both medical and lay literature today.19

Table 1: Serum (Cord blood) 25-hydroxy Vitamin D 
and fluoride levels in both groups (Mean±SD)
Parameter Group I (n=30) Group II (n=30)
Serum 25-hydroxy 
Vitamin D (ng/mL)

26.86±.9.37* 39.91±10.79

Range 7.04-53.35 21.57-72.07
Serum Fluoride (mg/L) 0.176±0.057* 0.055±0.029
Range 0.064–0.264 0.020–0.125

*p<0.001 as compared to group II (Controls)
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25-hydroxy Vitamin D requirements are probably greater 
in pregnancy, as evidenced by physiologically higher 1, 
25‑dihydroxy Vitamin D levels seen in the second and 
third trimesters. While 1,25(OH)2 D levels do not correlate 
directly with 25-hydroxy Vitamin D concentrations, the 
physiological rise in the active metabolite, the enhanced 
intestinal calcium absorption, and enhanced fetal 
requirement of  calcium (250 mg/day in the third trimester) 
all point to the importance of  25-hydroxy Vitamin D 
biology in pregnancy.20

In the present study, serum 25-hydroxy Vitamin D levels 
were significantly decreased in babies with congenital 
anomalies as compared to healthy counterparts (p=0.000, 
Table 1).

It has been reported by Specker that deficiency in 
25-hydroxy Vitamin D during pregnancy can lead to 
maternal secondary hyperparathyroidism, tetany, delayed 
ossification of  cranial vertex, enlarged size of  fontanelles 
and impaired fetal bone ossification.20 Hyppönen et al 
reported that there is an association with low 25-hydroxy 
Vitamin D status and preeclampsia.21 Ota et al reported 
that 25-hydroxy Vitamin D deficiency can be a major risk 
factor for recurrent pregnancy losses due to an increase 
in the development of  autoimmunity.22 In a study by 
Bodnar et al, it has been seen that a decrease in 25-hydroxy 
Vitamin D levels may cause spontaneous preterm delivery.23 
Incidence like high blood pressure in pregnancy, gestational 
diabetes mellitus, postpartum depression etc. have also 
been reported in case of  low 25-hydroxy Vitamin D status 
in pregnancy.12

In the present study, serum fluoride levels were significantly 
raised in newborns with congenital anomalies (group I) as 
compared with newborns without congenital anomalies 
(group II, Table 1, p=0.000).

Fluoride crosses the placenta and gets incorporated into 
tissues of  developing conceptus. Chronic exposure to high 
fluoride levels may produce harmful effects on developing 
fetus especially brain, heart, thyroid and increased future 
risk of  cancer. In recent years, several investigations 
demonstrated that fluoride can induce oxidative stress and 
modulate intracellular redox homeostasis, lipid peroxidation 
and protein carbonyl content, as well as alter gene expression 
and cause apoptosis. Genes modulated by fluoride include 
those related to the stress response, metabolic enzymes, the 
cell cycle, cell-cell communications and signal transduction.24

In the present study, serum 25-hydroxy Vitamin D showed a 
negative correlation with serum fluoride in both the groups 
and the association was statistically significant in both groups 
(r=-0.910 vs. r=-0.715, p=0.000, Table 2). Not only that, 
we also found that babies with congenital defects related 
to central nervous system and musculoskeletal system had 
the lowest serum 25-hydroxy Vitamin D levels and highest 
serum fluoride levels, though the difference of  the levels of  
these parameters with other groups of  congenital anomalies 
was not statistically significant (Table 3).

In a study done by Khandare et al, it has been reported 
thathigh fluoride intake can increases the osteoblastic 
activity causing more consumption of  calcium and leading to 
calcium deficiency. The pathogenesis of  various congenital 
defects in newborns in the present study can be explained 
by high fluoride intake, which affected the hydroxylation 
of  Vitamin D in liver causing depletion of  25-hydroxy 
Vitamin  D. The low levels of  dihydroxycholecalciferol 
could result from calcium deprivation, which enhances 
production of  dihydroxycholecalciferol sharply leading 
to depletion of  25 (OH) D3 stores and thus very high 
fluoride intake may create secondary 25-hydroxy Vitamin 
D deficiency.25

It has been reported in various studies both in animal 
models and human models that 25-hydroxy Vitamin D 
has roles in development and proper functioning of  the 
reproductive system of  both male and female individual. 

Table 2: Correlation of levels of Serum 25-hydroxy Vitamin D and Serum Fluoride levels in two groups 
(Mean±SD)
Parameter Group I r value Group II r value
25-hydroxy Vitamin D (ng/mL) 26.86±9.37 p=0.000 39.91±10.79 p=0.000
Fluoride (mg/L) 0.176±0.057 r=-0.910 0.055±0.029 r=-0.715

Table 3 : Levels of Serum 25-hydroxy Vitamin D 
and Serum Fluoride in different developmental 
system
System involved Serum 25-hydroxy 

Vitamin D (ng/mL)
Serum 
fluoride 
(mg/L)

Central nervous 
system (5)

24.16±11.11 0.200±0.060

Orofacial defects (8) 27.40±7.66 0.161±0.056
Musculoskeletal 
defects (13)

27.26±8.15 0.177±0.056

Gastrointestinal 
defects (1)

38.23±19.09 0.13±0.086

Genitourinary 
defects (3)

29.75±10.16 0.157±0.064
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A  study by Bloomberg et al showed that 25-hydroxy 
Vitamin D has a role in spermatogenesis, sperm maturation 
and testicular endocrine function.26 However, Ramlau-
Hanses et al showed no effects of  25-hydroxy Vitamin D on 
these physiological processes.27 Another study by Ott et al 
showed that 25-hydroxy Vitamin D also regulate the female 
reproductive system and deficiency of  25-hydroxy Vitamin 
D is associated with lower rates of  follicle development.28

Adequate nutritional 25-hydroxy Vitamin D status during 
pregnancy is important for fetal development, tooth enamel 
formation and general fetal growth.29,30 Mansion et al found 
that intake of  25-hydroxy Vitamin D during pregnancy 
caused an increase in birth weight of  the babies.31 In 
another study by Pawley et al, it has been found that cord 
blood 25-hydroxy Vitamin D concentration has a significant 
association with head circumference at 3 and 6 months 
of  age.32 Meghbooli et al also found significantly wider 
posterior fontanelle diameter in newborns of  mothers with 
25 - hydroxy Vitamin Deficiency.33 Maternal 25-hydroxy 
Vitamin D deficiency has been linked to a predisposition 
to a spectrum of  infectious etiologies including periodontal 
disease, bacterial vaginosis and HIV morbidity and 
mortality associated with opportunistic illnesses.34  The 
findings of  our study in terms of  the adverse outcome of  
pregnancy are in association with these studies.

CONCLUSION

Environmental pollutants like fluoride have the potential 
to interact with various micronutrients like 25-hydroxy 
Vitamin D and can cause the deficiency of  it. This can 
ultimately cause various adverse fetal outcomes. The 
exact mechanism of  this interaction is yet to be fully 
explored. Several areas of  research have suggested a role 
of  maternal 25-hydroxy Vitamin D during pregnancy on 
growth and development of  the offspring. Recent evidence 
demonstrates that the prevalence of  25-hydroxy Vitamin D 
deficiency in women of  child-bearing age is surprisingly 
high. However, the role of  25-hydroxy Vitamin D deficiency 
on fetal development during pregnancy has not been well-
characterized. Low vitamin D serum levels in association 
with high serum levels of  fluoride can be associated with 
increased risk of  congenital anomalies. So, further studies 
are needed to determine the serum levels and the degree of  
supplementation of  25-hydroxy Vitamin D, that is required 
to optimize maternal and fetal outcomes.
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