
Iran Red Crescent Med J. 2017 October; 19(10):e55625.

Published online 2017 May 19.

doi: 10.5812/ircmj.55625.

Research Article

Impact of Cord Blood Vitamin D Level on Early Childhood Caries in

Infancy: A Pilot Study

Sila Korun,1,* Nerin Nadir Bahceciler,2 Mustafa Murat Uncu,3 Nilufer Galip,4 Ceyhun Dalkan,4 and

Serap Cetiner1

1DDS, Department of Pediatric Dentistry, Faculty of Dentistry, Near East University , Turkey
2MD, Prof., Department of Pediatrics , Faculty of Medicine, Near East University, Turkey
3MD, Assist. Prof., Department of Biochemistry, Faculty of Medicine, Near East University, Turkey
4MD, Assoc. Prof., Department of Pediatrics, Faculty of Medicine, Near East University, Turkey

*Corresponding author: Sila Korun, DDS, Department of Pediatric Dentistry, Faculty of Dentistry, Near East University , Turkey. E-mail: skorun89@hotmail.com

Received 2017 February 06; Revised 2017 March 22; Accepted 2017 April 22.

Abstract

Background: Early childhood caries (ECC) is one of the most frequent chronic diseases among infants and preschool-aged children.
Objectives: Our objective was to determine an association between umbilical cord blood 25(OH)D level and early childhood caries.
Methods: This prospective cohort study was conducted at Near East University (NEU) Medical hospital in Cyprus during 2013-2016.
All pregnant women followed by NEU gynecology and obstetrics clinic were invited to participate in the study. Cord blood serum
samples were collected after birth and analyzed for 25(OH)D levels. Infants underwent dental examinations, and questionnaire
information was gathered from parents of infants between 1 and 2 years of age.
Results: Among 120 deliveries, 90 mothers accepted to participate and supply cord blood. 40 of them were excluded; therefore,
50 toddlers were recruited to participate (mean age 20.2 ± 3.1 months, male/female: 23/27) and all of them attended the dental and
questionnaire evaluations related to participants aged 1 - 2 years. Cord blood 25(OH)D level (mean: 25.6 ± 11.6 ng/mL) was found to
be seriously low in 12%, low in 20%, deficient in 28%, and optimal in 40%. 34% of the infants had ECC. Oral hygiene habits and low cord
blood level of 25(OH)D were significantly associated with the development of ECC (P = 0.039 and P = 0.002, respectively). Logistic
regression analysis revealed that lower cord blood 25(OH)D level was significantly associated with ECC (P = 0.007).
Discussion: This study demonstrated the impact of low neonatal 25(OH)D level on the development of ECC. Based on these results, it
can be suggested that measuring 25(OH)D levels of mothers during pregnancy can help maintain an optimal maternal and offspring
vitamin D level, thereby protecting the infant’s dental health.
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1. Background

Early childhood caries (ECC) is one of the most fre-
quent chronic diseases among infants, toddlers, and
preschoolers. The American academy of pediatric den-
tistry (AAPD) defines ECC as “the presence of one or more
decayed (non-cavitated or cavitated lesions), missing (due
to caries), or filled tooth surfaces [dmfs] in any primary
tooth in a child under 72 months of age.” Signs of any
smooth-surface caries in children younger than 3 years of
age indicate severe early childhood caries (S-ECC) (1).

ECC is the major cause of tooth pain and loss, and it
is associated with impaired growth and development, de-
creased weight gain, detrimental effects on linguistic de-
velopment, and reduced self-confidence, as well as, lower
quality of life and decreased school performance (2). The
etiology of ECC is multi-factorial that includes biomedi-
cal factors, such as microorganisms, diet, tooth resistance,
and social determinants (3). Major risk factors for ECC

are high levels of cariogenic bacteria, frequent consump-
tion of sugar, and refined carbohydrates, inappropriate
bottle-feeding habits, low secretion of saliva, developmen-
tal enamel defects, history of caries experience, poor oral
hygiene habits of the family and child, drinking water with
low fluoride content, lack of knowledge regarding risk fac-
tors and low socio-economic status (2). In addition, lack
of enamel maturation or the presence of developmental
enamel defects increases the risk of ECC by enhancing the
retention of plaque, thereby increasing the colonization of
streptococcus mutans (4).

Vitamin D is an essential pro-hormone that regulates
calcium levels, playing a key role in bone health and cran-
iofacial development. Vitamin D deficiency may result in
impaired bone mineralization and ossification, leading to
bone softening. In addition, as ameloblasts and odonto-
blasts are among the target cells for 1,25 hydroxy-vitamin
D, vitamin D has a critical role in enamel, dentin, and oral
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bone formation, thereby affecting tooth mineralization.
Furthermore, there is literature supporting the role of vita-
min D in immune response to pathogens. Vitamin D may
reduce the risk of developing caries by the production of
antimicrobial peptides, such as cathelicidin and defensins,
which attack cariogenic bacteria (5, 6).

Although mineralization of primary teeth starts in
uterine life and continues after birth, there are limited
studies evaluating maternal contribution to development
of teeth. Cord blood reflects the materno-fetal interaction
and the constituents of the newborn in early postnatal life.

Although there are number of studies on the relation-
ship between serum vitamin D level and ECC in children (3,
5, 7), the impact of cord blood 25(OH)D level on ECC has not
been studied yet.

Maternal deficiency of vitamin D during gestation has
previously been demonstrated to have a detrimental ef-
fect on the development of primary teeth of the offspring.
What is more, vitamin D deficiency during early childhood
also creates similar effects on the development of perma-
nent teeth (8).

Therefore, we hypothesized that low cord blood 25 hy-
droxy vitamin D (25(OH)D) levels increase the risk of devel-
opment of ECC and enamel hypoplasia during infancy.

2. Methods

This was a prospective cohort study evaluating the
association between cord blood 25(OH)D level and ECC
during infancy (between the age of 1 and 2 years). The
study was approved by the ethics committee of Near East
University (NEU) Medical Faculty (code: YDU/2015/33-235,
date: 05.11.2015), Nicosia/Cyprus, which evaluates stud-
ies according to the renewed version of declaration of
Helsinki (2008).

2.1. Sample Size

Before the start of the study, we applied power analysis
to calculate the required sample size to achieve 80% statis-
tical power with a confidence interval of 95% and 5% level
of significance. Results showed that 42 patients would be
sufficient to reach the goal. Considering the possible exclu-
sions and problems that might decrease the power of the
study, we decided to recruit at least 50 patients (20% higher
than the initial sample size) in the research.

2.2. Sample Collection and Study Flow

All pregnant women followed by the gynecology and
obstetrics clinic of NEU Hospital between January 2013 and
January 2014 were invited to participate in this study. Writ-
ten informed consents to collect cord blood samples from

expecting mothers were obtained. Those who accepted to
participate were enrolled in the study. After the enroll-
ment, the newborns’ umbilical cord blood was collected
following labour in the delivery room. Exclusion criteria
included congenital anomalies (cardiac, pulmonary, gas-
trointestinal, and cranial), metabolic diseases, TORCH in-
fections, prematurity (< 34 weeks), and low weight for ges-
tational age (< 2500 g) identified immediately after birth
or loss to/incomplete follow-up (Figure 1). All newborns’
cord blood serum samples were kept at -80°C until analy-
sis for 25(OH)D levels.

n  = 90 accepted to supply
cord blood sampleat

delivery

Enrolled (n = 50) Excluded (n = 40) due to
the exclusion criteria

At 12-24 months of age:
Dental evaluation and

questionnaire
(n = 50)

All pregnant women
(n = 120)

Figure 1. Study Flowchart

The toddlers were invited for their first dental exami-
nation between the age of 12 and 24 months. Those who
were routinely followed at the department of pediatrics
at NEU Hospital were approached by their pediatricians,
while those who were followed by an external pediatrician
were contacted over the phone. The dental examinations
were conducted by the same dentist who was blinded to
cord blood 25(OH)D levels from NEU, department of pedi-
atric dentistry.

Parents completed a questionnaire, which collected
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information regarding the child and parents. Parents
were queried about their demographic (nationality: lo-
cal/foreign, age), financial (monthly income: ≤ 900
€/ > 900 €), educational (education level of parents:
primary/high school/university), and employment (em-
ployed/unemployed parents) characteristics. Mothers
were asked about the duration and frequency of sun expo-
sure (15 minutes per day/less than 15 minutes per day), nu-
tritional status (frequency of dairy product consumption
during pregnancy), and medications used during preg-
nancy. The questionnaire collected information regarding
the child’s duration and frequency of sun exposure (15 min-
utes per day/ less than 15 minutes per day), diseases (sys-
temic disease: yes/no), vitamins (use of vitamins: yes/no),
and medications used (yes/no), duration of mother’s milk
consumption, time of onset of solid food, daily consump-
tion of sweet products (frequency), use of pacifier (yes/no),
and bottle feeding habits (yes/no). In addition, data on
child and parental oral hygiene habits, knowledge of early
childhood caries, and preventive treatments for the infant
were gathered.

2.3. Dental Examination Protocol

Each infant was evaluated for enamel hypoplasia and
ECC. Enamel hypoplasia and ECC were categorized as bi-
nary variables (yes/no). Early childhood and severe early
childhood caries were assessed based on the recommen-
dations of the workshop held by experts of the National
Institute of dental and craniofacial research group (9).
White spot lesions, which are seen as chalky white and
opaque patches, enamel caries especially in pits and fis-
sures, which are presented as light to dark discolored ar-
eas no larger than the size of the pit or fissure, and den-
tine caries are defined as ECC (8). ECC are diagnosed by vi-
sual exam only. No radiographic examination and tactile
explorations were included. The knee-to-knee technique
was utilized for examination. The dmft index was calcu-
lated based on the cumulative score of decayed, missing,
and filled primary teeth.

2.4. Measurements

25(OH)D levels were studied in serum samples ob-
tained from umbilical cord blood after delivery. All sam-
ples were analyzed by a single investigator from the NEU
Medical Hospital, Department of Biochemistry, who was
blinded to the caries status of the child. 25(OH)D levels
were analyzed using the electrochemiluminescence im-
munoassay and a Roche Cobas e601 machine (Roche Diag-
nostics GmbH, Mannheim, Germany). 25(OH)D levels < 10
ng/mL were categorized as seriously deficient,≤ 20 ng/mL
as low, 21 - 29 ng/mL as deficient, and≥ 30 ng/mL as normal
(10).

2.5. Statistical Analysis

All data were entered into a Microsoft Office 2010
Database program and analyzed by means of statistical
package for the social sciences (SPSS) version 18.0. Descrip-
tive statistics (frequencies, mean ± SD values), Chi square
test, Student’s t test, and Pearson Correlation were used
for analyses. Although the size of the study group was
not enough for an efficient logistic regression analysis, a
model was constructed including independent variables
(25(OH)D levels, child’s tooth brushing habits, mother’s
tooth brushing habits, and father’s dental status) signifi-
cantly associated with ECC.

3. Results

120 newborns delivered in NEU Hospital between Jan-
uary 2013 and 2014 were invited to participate. Of those, 90
mothers accepted to participate and cord blood samples
were obtained during labour. All serum samples were kept
at -80°C until final analysis.

40 of them were excluded due to loss to/incomplete
follow-up. The remaining 50 participants were invited for
a dental examination and questionnaire evaluation after
their first birthday in consecutive order. All of those 50 tod-
dlers participated in the final evaluation (Figure 1).

Of the 50 toddlers, 23 were male (46%) and 27 were fe-
male (54%). The mean age was 20.2 ± 3.1 months (range of
14-24 months). The demographic characteristics obtained
from the questionnaires are presented in Table 1. The ma-
jority of the newborns were born by C-section (90%) to lo-
cal families (63%) (Table 1). The majority of the pregnan-
cies were not complicated by infectious diseases (82%) or
medication use (86%) and the mothers tended to get daily
sun exposure of 15 minutes (76%). Toddlers were generally
healthy (88%), did not need medication (88%), and received
15 minutes of daily sun exposure (78%).

Cord blood 25(OH)D level (mean 25.6± 11.6 ng/mL) was
found to be seriously low (< 10 ng/mL) in 12%, low (≤ 20
ng/mL) in 20%, deficient (21 - 29 ng/mL) in 28%, and opti-
mal (≥ 30) in 40% of the study participants. The study
group was divided into 2 categories, based on cord blood
25(OH)D (< 30 vs. ≥ 30 ng/mL). Comparison of those 2
groups based on maternal health status, use of vitamin D
supplements, sun exposure or consumption of milk and
dairy products during pregnancy demonstrated no statis-
tically significant difference.

Enamel hypoplasia was detected in 8 (16%) of the tod-
dlers. The toddlers with and without enamel hypoplasia
were compared based on maternal characteristics (use of
medication, experience of any infectious disease, use of
vitamin D supplements, exposure to sun, and consump-
tion of dairy products) in addition to cord blood 25(OH)D
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levels. The results revealed that the umbilical cord blood
level of 25(OH)D < 30 was significantly associated with
enamel hypoplasia of the toddlers detected between 12 and
24 months of age (P = 0.018). Furthermore, toddlers who
had enamel hypoplasia demonstrated significantly more
ECC (P = 0.001) (Table 2).

Dental examination of the 50 infants demonstrated
ECC in 34%. Children with and without ECC were compared
based on cord blood 25(OH)D levels, oral hygiene habits,
use of pacifier, bottle feeding habits, night time feeding
habits, systemic disorders, parents’ oral hygiene habits,
nationality, maternal employment, monthly income of
family, use of medications, and consumption of sweet food
products. Low cord blood level of 25(OH)D and enamel hy-
poplasia (P = 0.002 and P = 0.001, respectively), mother’s
tooth brushing frequency (P = 0.012), father’s oral hygiene
(P = 0.047), and inappropriate oral hygiene habits (P =
0.039) were the parameters which were significantly re-
lated to the development of ECC (Table 2). Furthermore, no
significant difference was found between ECC and dental
examination age (P = 0.108).

The mean value of calculated dmft (decay, missing, fill-
ing, total) was 0.82 ± 1.35 with a range of 0 - 4. The score
of dmft was significantly in negative correlation with the
level of cord blood 25(OH)D (r = -0.45, P = 0.01) (Figure 2).

Figure 2. Cord Blood 25(OH)D Levels and dmft Values
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The score of dmft was significantly in negative correlation with the level of cord
blood 25(OH)D (r = -0.45, P = 0.01).

Regression analysis was performed to assess the rela-
tionship between independent variables and the depen-
dent outcomes of ECC. Logistic regression model for ECC
constructed 5 different variables which were significantly
associated with ECC. Variables except low vitamin D value
(P = 0.039) were insignificant from the results of the logis-
tic regression analysis. The limited sample size was con-

sidered as the reason. As the 25(OH)D level increases one
unit, there is a 0.910 less chance for the child to have ECC.
R2 value of the model was 0.407. Confidence interval was
between 0.832 and 0.995 (Table 3).

4. Discussion

In this study, 25(OHD) levels were found to be seriously
low, low, or deficient in 60% of cord blood samples in our
study population, although 72% of the mothers received vi-
tamin D supplementation during pregnancy.

Among the 50 toddlers studied, 16% demonstrated
enamel hypoplasia, while 34% presented ECC. The only
risk factor for the development of enamel hypoplasia was
demonstrated to be decreased cord blood 25(OH)D level
among all the other risk factors evaluated. Meanwhile, in
infants who developed ECC within 1 - 2 years of age, the fre-
quency of 25(OH)D level below 30 ng/ml, the inadequacy of
tooth brushing habits of the infant and mother, the level of
the father’s bad dental status, and the amount of enamel
hypoplasia were significantly higher compared to those
without ECC. In addition, there was a significant negative
correlation between dmft score and 25(OH)D levels.

Although there are a number of studies which evalu-
ated the association between serum vitamin D level and
ECC in children (3, 5, 7), there is no published study to date
investigating the impact of cord blood 25(OH)D level on
ECC in a newborn cohort.

It is well-known that mineralization of primary teeth
starts in uterine life and continues after birth. In spite of
this fact, there are limited studies evaluating maternal im-
pact on tooth development. Cord blood reflects the mater-
nal effect on the fetus as well as in the first months of post-
natal life (11). Therefore, based on the effect of vitamin D on
tooth mineralization of the primary teeth, hereby, by mea-
suring the cord blood level, we detected the maternal effect
on postnatal tooth mineralization.

The other factors that have an impact on vitamin D syn-
thesis are sun exposure, diet, and vitamin D supplemen-
tation of the expectant mother and infant (12). Although
all those factors were evaluated in this study, none of them
were shown to have an impact on the cord blood levels of
vitamin D.

In the study of Schroth et al. (3), serum 25(OH)D
measurements were studied during pregnancy (between
second-third trimester) and the association between ma-
ternal vitamin D levels and infants’ ECC were evaluated.
Low maternal 25(OH)D levels were associated with the de-
velopment of ECC in early childhood. Moreover, there was
a significant relationship between enamel hypoplasia and
ECC, and a negative correlation between dmft and levels of
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Table 1. Characteristics of the Study Group

Characteristics (n = 50) No. (%)

Demographic

Birth

Normal 5 (10)

Caesareansection 45 (90)

Nationality

Local 32 (63)

Foreign 19 (37)

Monthly income, €

≤ 900 24 (48)

> 900 26 (52)

Pregnancy

Infectious disease

Yes 9 (18)

No 41 (82)

Medication

Yes 7 (14)

No 43 (86)

Exposure to sun

Daily 15 min 38 (76)

Sometimes 12 (24)

Infancy

Systemic disorder

Yes 6 (12)

No 44 (88)

Medication

Yes 68 (12)

No 44 (88)

Exposure to sun

Daily 15 min 39 (78)

Sometimes 11 (22)

Pacifier

Yes 16 (32)

No 34 (68)

Bottle-feeding

Yes 26 (52)

No 24 (48)

Nigh-time snacking

Yes 36 (72)

No 14 (28)

Adding sugar to milk

Yes 10 (20)

No 40 (80)

Using sugar for bottle feeding

Yes 3 (6)

No 47 (94)

Consumption of sweet food

Yes 19 (38)

No 31 (62)

Brushing teeth

Yes 8 (16)

No 42 (84)

25(OH)D level

Optimum 19 (38)

Deficient 31 (62)

Other

Knowledge on ECC

Yes 5 (10)

No 45 (90)

Dental visit

Yes 0 (0)

No 50 (100)

Knowledge on preventive applications

Yes 1 (2)

No 49 (98)

Performed preventive applications

Yes 0 (0)

No 50 (100)

Use of flouride tablets

Yes 0 (0)

No 50 (100)

25(OH)D in this study. Our results are in accordance with
this study findings (3).

In another study conducted on children with ECC,
those who had 25(OH)D levels below the optimal level
demonstrated more severe S-ECC. This study demonstrated
the impact of vitamin D level on the severity of ECC (5).
The positive relationship between enamel hypoplasia and
childhood ECC was shown in another study, as well (4).

A recent meta-analysis revealed that supplementation
with vitamin D in children decreases the risk of dental
caries by 47% although statistical significance was insuf-
ficient. The authors suggested that further investigations
are warranted to evaluate the long-term effect of vitamin D
supplementation in infancy on the development of dental
caries (7). In another study, T. Dudding et al. evaluated the
association between 25(OH)D level and the presence and
severity of caries with little evidence. However, the authors
declared that larger and long-term studies are required (6).

In a recently published survey, performed on 5 - 12 year-
old children, no significant association was demonstrated
between dental caries and 25(OH)D vitamin levels. Based
on the results of this survey, it can be suggested that cross-
sectionally measured 25(OH)D levels may not have an as-
sociation with current dental caries; but prenatal or early
childhood vitamin D status is more predictive for future
mineralization, thereby dental caries and hypoplasia (13).

Although one of the limitations of our study was the
low sample size, power analysis was performed to calculate
the required sample size for sufficient statistical power. On
the other hand, the current study evaluated the impact
of low cord 25(OH)D level on development of ECC for the
first time. ECC is the most frequently observed chronic dis-
ease among children. Therefore, our results bring new ap-
proaches into mind towards the prevention of ECC.

In conclusion, this study demonstrated that among
our study group, one of the most important factors in de-
velopment of ECC and enamel hypoplasia is cord blood
25(OH)D level. Besides, the importance of familial dental
care habits is confirmed. Based on our results, it can be
suggested to measure 25(OH)D levels during pregnancy in
order to maintain an optimal maternal and offspring vi-
tamin D level by vitamin D supplementation and thereby
protect the child’s dental health. In addition, oral hygiene
education should be given to pregnant women as well as
to the child postnatally.
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Table 2. Comparison of Infants with and Without ECC

Toddler
Characteristics

ECC % of Toddlers No ECC % of
Toddlers

P Value

250HD level 0.002a

Optimum 6 32

Deficient 28 34

Brushing teeth 0.039b

Yes 0 16

No 34 50

Systemic disorder 0.396b

Yes 6 6

No 28 60

Using pacifier 0.318b

Yes 14 18

No 20 48

Use of medication 0.650b

Yes 2 10

No 32 56

Consumption of
sweet food

0.369b

Yes 24 38

No 10 28

Night time
feeding

0.187b

Yes 20 52

No 14 14

Adding sweet
products to milk

0.717b

Yes 8 12

No 26 54

Adding sweet
products to
bottle

1.0b

Yes 2 4

No 32 62

Mother brushing
her own teeth

0.012b

Sometimes-
once a
day

16 8

Twice a day
or more

18 58

Nationality 0.275b

Local 18 44

Foreign-
immigrant

16 20

Monthly income 0.272b

≤ 2
subsistence
level

20 28

> 2
subsistence
level

14 38

Mother employed 0.442b

No 14 20

Yes 20 46

Mother’s dental
status

0.903b

Good 20 40

Bad 14 26

Father’s dental
status

0.047b

Good 18 54

Bad 16 12

Enamel
hypoplasia

0.001b

Yes 14 2

No 20 64

Abbreviation: ECC, early childhood caries.
aStudent’s t tests were used.
bChi square tests were used.

Table 3. Logistic Regression Analysis of Risk Factors for Development of ECC Between
1 and 2 Years of Agea

Risk Factors P Value Confidence Interval

Lower Upper

Mother tooth brushing 0.176 0.035 1.847

Infant tooth brushing 0.999 0.000

Father’s bad dental status 0.115 0.721 19.907

Enamel hypoplasia 0.438 0.022 5.212

Low 25(OH)D vitamin D level 0.039 0.832 0.995

Constant 0.999

aP = 0.007.
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