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Abstract

Background: Severe Early Childhood Caries (S-ECQ) affects the health and well-being of young children. There is
limited research in this area, though evidence suggests that children with S-ECC are at an increased risk of malnutrition.
The purpose of this study was to determine the association between vitamin D (25(OH)D) levels and S-ECC.

Methods: This case—control study was conducted from 2009 to 2011 in the city of Winnipeg, Manitoba, Canada. 144
preschool children with S-ECC were recruited from a local health centre on the day of their slated dental surgery under
general anesthetic. 122 caries-free controls were recruited from the community. Children underwent a blood draw for
vitamin D (25(OH)D), calcium, parathyroid hormone, and albumin levels. Parents completed an interviewed
questionnaire assessing the child’s nutritional habits, oral health, and family demographics. Analyses included
descriptive and bivariate statistics as well as multiple and logistic regression. A p value < 0.05 was significant.

Results: The mean age of participants was 40.8 + 14.1 months. Children with S-ECC had significantly lower mean 25
(OH)D (68.9 + 28.0 nmol/L vs. 82.9 + 31.1, p < 0.001), calcium (p < 0.001), and albumin (p < 0.001) levels, and significantly
higher parathyroid hormone (p < 0.001) levels than those caries-free. Children with S-ECC were significantly more likely
to have vitamin D levels below recognized thresholds for optimal and adequate status (i.e. <75 and <50 nmol/L,
respectively). Multiple regression analysis revealed that S-ECC, infrequent milk consumption, and winter season were
significantly associated with lower 25(0OH)D concentrations. Low 25(0OH)D levels, low household income, and poorer
ratings of the child’s general health were significantly associated with S-ECC on logistic regression.

Conclusion: Children with S-ECC appear to have relatively poor nutritional health compared to caries-free controls, and
were significantly more likely to have low vitamin D, calcium, and albumin concentrations and elevated PTH levels.
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Background

Early Childhood Caries (ECC) is the most common
chronic disease of childhood and is defined as any decay
in the primary dentition of children <72 months of age
[1,2]. Some children develop a rampant subtype of ECC
termed Severe Early Childhood Caries (S-ECC), a condi-
tion known to affect health and well-being [3]. The extent
of decay that they experience generally warrants rehabili-
tative dental surgery under general anesthesia (GA). Un-
fortunately, dental surgery is the most common day
surgical procedure at most Canadian pediatric hospitals
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[4]. While dental surgery targets the visible signs of the
disease, our understanding of the systemic influence of S-
ECC on overall health is limited.

Quality of life is reduced among those suffering from S-
ECC [3,5,6]. This can include pain, disturbed sleep and be-
havioural changes [6-8]. Children with severe decay can
also have altered eating habits and preferences [5,9]. There-
fore, rampant caries can influence nutritional health. A few
reports reveal that some may be suffering from a degree of
malnutrition, specifically anaemia and low iron concentra-
tions, and have altered growth patterns impacting height
and body mass index [10-13]. It is plausible that those with
S-ECC are also deficient in important vitamins and nutri-
ents, including vitamin D [14].
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Vitamin D regulates calcium levels and plays a key role
in craniofacial development and the maintenance of good
oral health. There are two main sources of obtaining vita-
min D: endogenous synthesis and exogenous attainment
from diet and supplementation [15,16]. It has a critical
role in enamel, dentin, and oral bone formation as amelo-
blasts and odontoblasts are target cells for 1,25-dihydroxy-
vitamin D, the active form of vitamin D [17]. Deficiency in
vitamin D during periods of tooth development may also
result in developmental defects [17] including enamel hy-
poplasia, a significant risk factor for S-ECC. Vitamin D is
associated with the two main oral diseases, caries and peri-
odontal disease [14,18-23]. In general, higher serum levels
of 25-hydroxyvitamin D (25(OH)D) are associated with
improved oral health outcomes [14,20-22]. Vitamin D also
has an immunological role as it can induce the production
of antimicrobial peptides such as cathelicidin and certain
defensins, which protect us from oral pathogens [22,24].

The purpose of this study was to determine the associ-
ation between serum concentrations of 25(OH)D and S-
ECC in preschool children.

Methods

A cross-sectional case—control study was undertaken to
test the hypothesis that children with S-ECC have lower
serum 25(OH)D, calcium, albumin, and higher parathy-
roid hormone (PTH) levels than caries-free controls. Dif-
ferences in ferritin and haemoglobin between these groups
has previously been reported in this sample [12]. This
study was approved by the University of Manitoba’s Health
Research Ethics Board, the Misericordia Health Centre
(MHC), and the Health Sciences Centre (HSC), Winnipeg,
Canada. All parents provided written informed consent at
recruitment, and a small honorarium was provided.

From October 2009 to August 2011, otherwise-healthy
children with S-ECC were recruited from the MHC in
Winnipeg, Canada (49° 53" North) on the day of their den-
tal surgery. Since the case definition for S-ECC is age spe-
cific, participants needed to be <71 months of age [25].
Age-matched caries-free controls were recruited from the
community by advertisement and underwent a dental
screening by a study team member (R]S). Children were
assessed using the dmft index (a cumulative score of
decayed, missing, filled primary teeth). Those having a dmft
score of O were considered caries-free.

Caregivers completed a questionnaire administered by
staff which collected information about the child and care-
giver, dietary intakes, use of supplements, sun exposure
and skin pigmentation, oral hygiene behaviours, and socio-
economic factors including household income, parental
education level, and receipt of government assistance [12].
This instrument was based upon a previously piloted ques-
tionnaire [14].
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Venipunctures for children with S-ECC were drawn by
the attending anesthetist during surgery while blood sam-
ples from controls were obtained by a research nurse at
the Manitoba Institute of Child Health following the appli-
cation of a topical anaesthetic (EMLA) to the anticubital
fossa. Serum analysis for calcium, PTH, and albumin was
performed by the Department of Biochemistry and Genet-
ics Laboratory at HSC. In cases where the serum albumin
levels were below the appropriate thresholds for a child’s
age, the corrected calcium level was used in place of the
standard calcium values. Diagnostic Services of Manitoba
laboratory reference ranges were adopted for calcium (2.1-
2.6 mmol/L), albumin (35-47 g/L for those <48 months
and 33-39 g/L for those>48 months), and PTH (7-
50 ng/L). Assays for 25(OH)D, the main circulating form
of vitamin D, were conducted by the Hospitals in Common
Laboratory (HICL) at Mount Sinai Hospital in Toronto,
Canada using Chemiluminescence Immunoassay. The key
thresholds used to quantify 25(OH)D levels within this
study were>75 nmol/L (optimal based on HICL and
HSC), > 50 nmol/L (adequate based on Institute of Medi-
cine (IOM)), and < 35 nmol/L (common threshold used to
denote deficiency) [14,16,26-28].

A minimum sample of 120 children in each group was
expected to provide 80% power to detect a one-tailed dif-
ference in 25(OH)D levels between the groups at o = 0.05.
Lab and questionnaire data were entered into an Excel
(Microsoft Office) spreadsheet and analyzed using Number
Cruncher Statistical Software (NCSS) version 7.0 (Kaysville,
Utah). Analysis included descriptive statistics (frequencies,
means + Standard Deviations (SD)), Chi-square analysis,
and t-tests. Unadjusted odds ratios (OR) and 95% confi-
dence intervals (CI) were also calculated. Multiple regres-
sion analysis was performed for mean 25(OH)D including
independent variables significantly associated with vitamin
D levels on bivariate analysis or known to influence vita-
min D status. Logistic regression for S-ECC including vari-
ables associated at the bivariate level was also performed.
In both models, some variables were excluded when there
was evidence of multi-colinearity. A p value <0.05 was
significant.

Results

A total of 266 children (51.1% male) participated; 144 chil-
dren with S-ECC and 122 caries-free. For various reasons,
blood samples were only collected for 97.9% (n=141) of
children with S-ECC and 99.2% (n = 121) of controls. The
mean age was 40.8 + 14.1 months. The groups were well
matched for age and sex as there were no significant differ-
ences (p = 0.14 and p = 0.37, respectively). Characteristics of
participants and their parent or caregiver appear in Table 1.
As S-ECC is influenced by the social determinants of
health, there were differences in parental education levels
(p<0.001) and household income (p<0.001) between
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Table 1 Association between caries status and child and caregiver characteristics
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Variable Overall value Caries status P value
S-ECC Caries-free
N (%) 95% Cl N (%) 95% Cl
Child
Child's age (Months)" 408+ 14.1 420+119 / 394+163 / 0.14
Sex”
Male 136 70 (51.5) 431,599 66 (48.5) 40.1,569 037
Female 130 74 (56.9) 484,654 56 (43.1) 346516
Height (cm)’ 984 +9.7 993+81 / 973£11.1 / 0.10
Weight (kg)" 164 +37 170+33 / 158+40 / 001
Skin colour”
Dark/Mid-colour 116 76 (65.6) 56.9,74.2 40 (34.5) 25.843.1 0.001
Light 150 68 (45.3) 374,533 82 (54.7) 46.7,62.6
Multivitamin Use”
Yes 143 76 (53.1) 450613 67 (46.9) 38.7,55.0 0.73
No 123 68 (55.3) 46.5,64.1 55 (44.7) 359535
Age started cleaning mouth (Months) f 129+86 145495 / 109+7.1 / <0.001
Mean age at first dental visit (Months) i 262+118 270+£119 / 247 +11.7 / 0.17
Breast-fed”
Yes 204 93 (45.6) 388524 111 (54.4) 48.061.0 <0.001
No 61 50 (82.0) 723916 11 (18.0) 84,27.7
Bottle-fed”
Yes 194 114 (58.8) 51.865.7 80 (41.2) 343482 0.01
No 71 29 (40.8) 294,523 42 (59.2) 47.7,70.6
Parent/Caregiver
Caregiver status
Mother 247 132 (534) 47.2,59.7 115 (46.6) 40.0,53.0 0.62
Father 15 9 (60.0) 35.2,84.8 6 (40.0) 152,64.8
Other 4 3 (75.0) 3261174 1(25.0) -174,674
Graduated high school <0.001
Grade 12 or higher 197 86 (43.7) 36.7,50.6 111 (56.3) 494,633
< Grade 12 66 55 (83.3) 74.092.0 11 (16.7) 77257
Afford dental care”
Yes 222 123 (554) 489619 99 (44.6) 38.1,51.1 028
No 4 19 (46.3) 3311616 22 (537) 380,69.0
Receives social assistance” <0.001
Yes 103 81 (78.6) 70.7,86.6 22 (214) 134,293
No 158 61 (386) 31.046.2 97 (61.4) 53.8,69.0
Yearly household income” <0.001
<$28 000 119 85 (714) 63.3,79.5 34 (28.6) 20.536.7
>$28 000 134 47 (35.1) 27.043.0 87 (64.9) 56.8,73.0

S-ECC = Severe Early Childhood Caries.
Tt-test, *chi-square.
95% Cl=95% Confidence Intervals.
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groups, with lower levels of both education and house-
hold income in the S-ECC group. Fewer children in the
S-ECC group were reported as having good or very
good oral health compared to controls (19.4% vs. 95.9%,
p <0.001). Significantly more children with S-ECC had
a first visit to the dentist for a dental problem (e.g. pain
or caries) than controls (40.7% vs. 5.4%, p < 0.001). Add-
itionally, fewer caregivers of children with S-ECC indi-
cated that their child’s overall health was very good
compared to those whose children were caries-free
(58.3% vs. 82.8%, p < 0.001).

One child had a mean 25(OH)D level above four SD
from the mean and was excluded from subsequent ana-
lyses. The mean 25(OH)D concentration for the entire
sample was 75.4 +30.2 nmol/L. A total of 136 children
(52.1%) had levels < 75 nmol/L, indicating suboptimal vita-
min D while 43 children (16.5%) had inadequate vitamin
D (< 50 nmol/L). Additionally, 16 (6.1%) had deficient
vitamin D concentrations (< 35 nmol/L).

More frequent intake of foods containing or fortified
with vitamin D (e.g. liver, eggs, fish, fortified orange juice)
were not significantly associated with higher mean 25
(OH)D levels (data not shown). The exception were regu-
lar milk drinkers (= 5 servings weekly), who had signifi-
cantly higher mean vitamin D levels than non-regular
milk drinkers (76.6 +30.3 nmol/L vs. 63.2+27.0, p=
0.042). Those presently taking vitamin D drops also had
higher 25(OH)D levels (92.2 + 34.6 nmol/L vs. 72.2 + 28.2,
p <0.001).

There were no apparent differences in the intake of foods
containing vitamin D between the S-ECC and caries-free
groups, including the frequency of milk consumption (data
not shown). However, significantly more children receiving
vitamin D drops belonged to the «caries-free group
(14.0% S-ECC (n=6) vs. 86.0% caries-free (n=37), p<
0.001). There was also no significant difference in multivita-
min usage between the groups (76 with S-ECC vs. 67
caries-free, p =0.73). Significantly more children in the S-
ECC group were bottle-fed compared to controls (p = 0.01)
and bottle-fed to a later age (19.7 + 8.7 months vs. 16.4 +
7.7, p=0.02). Meanwhile, fewer children with S-ECC were
breastfed compared to the caries-free group (p <0.001).
There was no difference in the frequency of daily “between-
meal” snacking between the groups (93.8% S-ECC vs.
96.7% caries-free, p = 0.39, Fisher’s Exact Test).

There was no significant difference between the two
groups with respect to premature birth (p = 0.88), whether
mothers took vitamin D supplements during pregnancy
(p=0.92), or maternal milk intake during pregnancy (p =
0.56) (data not shown).

Mean 25(OH)D levels were significantly lower among
children with S-ECC than caries-free controls (68.9 +
28.0 nmol/L vs. 82.9 + 31.1, p < 0.001) (Table 2). Even after
stratifying by season and only analyzing data collected

Page 4 of 8

during the winter (October-April) to control for endogen-
ous production, a statistically significant difference
remained (63.5 + 27.7 nmol/L vs. 79.4 + 26.7, p < 0.001).

The 25(0OH)D distribution based on caries-status ap-
pears in Table 2. Those in the S-ECC group were found to
have relatively poor vitamin D status compared to caries-
free children. Significantly more children with S-ECC had
suboptimal 25(OH)D concentrations (< 75 nmol/L) com-
pared to their caries-free peers (p=0.006) (Table 2). In
fact, children with 25(OH)D levels below this threshold
were twice as likely to have S-ECC. This relationship was
also present when the IOM threshold for adequacy
(50 nmol/L) was applied (p=0.05, OR =0.5). When the
“deficient” threshold (< 35 nmol/L) was applied, this rela-
tionship failed to reach significance (p=0.12 (Fisher’s
Exact Test), OR = 2.7).

There was no association between the education level of
the primary caregiver and the child’s vitamin D status with
respect to both the mean levels and the proportion with
levels>75 nmol/L (p=0.74 and p=0.35, respectively).
However, higher yearly household incomes were associated
with higher mean 25(OH)D levels and having concentra-
tions > 75 nmol/L (p = 0.002 and p = 0.002, respectively).

Differences in mean calcium, albumin, and PTH concen-
trations between the groups are also reported in Table 2.
Children with S-ECC had significantly lower mean calcium
(p<0.001) and mean albumin (p <0.001) levels as well as
higher mean PTH concentrations (p < 0.001) than controls.
Despite small cell sizes, it should be noted that all of the
children with low calcium concentrations belonged to the
S-ECC group. Children with S-ECC were 23.6 times more
likely to have elevated PTH levels compared to controls
and 3.6 times more likely to have abnormally low albumin
concentrations (Table 2).

Multiple regression for 25(OH)D concentrations re-
vealed that levels were significantly and independently as-
sociated with S-ECC, regular milk consumption, and
season of assessment but not household income and or
the use of vitamin D drops (Table 3). S-ECC, infrequent
milk intake, and winter season were associated with lower
25(OH)D levels, but not household income or vitamin D
drop use. Logistic regression for caries status was also per-
formed, revealing that lower household income, poorer
ratings of children’s general health, and lower vitamin D
levels were significantly associated with S-ECC (Table 4).

Discussion

The purpose of this study was to determine whether chil-
dren with S-ECC have different nutritional profiles than
their caries-free peers, specifically vitamin D, calcium and
albumin status. While historical evidence suggests that
vitamin D supplementation can prevent caries onset and
progression, much of this research has been overlooked
[18,29,30]. In a pilot study published in 2012, we were the
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Table 2 25(0OH)D, Calcium, Albumin, and PTH status by S-ECC and caries-free group
Variable Overall value Caries status P value
S-ECC Caries-Free
N (%) 95% CI N (%) 95% Cl
25(0OH)D status
Mean (nmol/L) ' 754+30.2 689+279 / 829+31.1 / <0.001
Optimal* (= 75 nmol/L)
Yes 125 56 (44.8) 36.1,535 69 (55.2) 46.0,64.0 0.006
No 136 84 (61.8) 53.6,69.9 52 (38.2) 30.1,46.4
Adequate* (= 50 nmol/L)
Yes 218 111 (50.9) 44357.6 107 (49.1) 424557 0.05
No 43 29 (674) 534814 14 (32.6) 18.6,46.6
Deficient* (< 35 nmol/L)
Yes 16 12 (75.0) 53.896.2 4(25.0) 3.846.2 0.12°
No 245 128 (52.2) 46.0,585 117 (47.8) 415,540
Calcium status
Mean (mmol/L) 23£01 2201 / 2401 / <0.001
Low calcium*
Yes 10 10 (100.0) 100,100 0 (0.0) 0,0 0.002°
No 248 130 (524) 46.2,586 118 (47.6) 414,538
Low calcium (Corrected)*
Yes 6 6 (100) 100,100 0 (0.0) 0,0
No 252 134 (53.2) 470,593 118 (46.8) 410,530 0.03°
PTH status
Mean (ng/L) T 473+220 59.1+£21.8 / 329+£108 / <0.001
Elevated PTH*
Yes 92 85 (92.4) 87.0978 7 (7.6) 22,130 <0.001
No 162 55 (34.0) 26.741.2 107 (66.0) 58.7,73.3
Albumin status
Mean (g/L) f 384+3.7 36.8+3.1 / 403+35 / <0.001
Low albumin*
Yes 33 26 (78.8) 64.892.7 7212 73352 0.002
No 225 114 (50.7) 44.1,57.2 111 (49.3) 43.0,56.0
S-ECC = Severe Early Childhood Caries.
tt-test, *chi-square, °Fisher’s Exact Test.
95% Cl=95% Confidence Intervals.
Table 3 Multiple regression for mean vitamin D level
Variable Unstandardized regression coefficient (b) + 95% confidence interval P value
Intercept 7101 / /
S-ECC (Reference = Yes) 533 124,942 0.01
Regular milk drinker (Reference = Yes) —-6.60 -13.16, -0.03 0.05
Season (Reference = Winter) 522 1.37,9.06 0.008
Vitamin D drop user (Reference = Yes) -2.17 2.01,-6.13 0.28
Yearly income (Reference = < 28 k) 273 2.06,-1.32 0.19

S-ECC = Severe Early Childhood Caries.

Adjusted R® = 8.37%.
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Table 4 Logistic regression for S-ECC
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Variable Adjusted odds ratio + 95% confidence interval for odds ratio P value
Age started cleaning teeth 097 0.94, 1.01 0.12
Bottle fed (Reference = Yes) 0.73 037, 1.46 037
General health (Reference = Very Good) 304 1.50, 6.15 0.002
Mean vitamin D 1.01 1.00, 1.02 0.04
Vitamin D drop usage (Reference = Yes) 151 0.81, 2.82 0.19
Yearly income (Reference = < 28 k) 030 0.16, 0.55 <0.001

S-ECC = Severe Early Childhood Caries.

first to specifically report differences in actual serum 25
(OH)D levels between children with and without severe
decay [14]. The present study involved a substantially lar-
ger sample, and reinforces the observed association be-
tween 25(OH)D levels and S-ECC.

Much of the early research in this field was conducted
by May Mellanby, who identified an association between
vitamin D supplementation and reduced caries-risk
[18,31]. Recently, a meta-analysis reported that vitamin
D supplementation in childhood can help prevent caries
[30], and it has also been suggested that concentrations
of 25(OH)D between 75-100 nmol/L may reduce the
risk for caries [22]. Our study supports these findings, as
caries-free children were twice as likely to have optimal
25(OH)D concentrations (> 75 nmol/L) and those with
S-ECC were at nearly three times the odds of having de-
ficient levels (< 35 nmol/L).

The mean 25(OH)D level in our sample was adequate,
mirroring our pilot study findings [14] and those of the
Canadian Health Measures Survey [32]. This may be at-
tributed to regular milk intake, which was common in
both groups. Regular milk drinkers had better vitamin D
concentrations, a finding supported by a large-scale clin-
ical study observing an association between frequent
milk consumption and increased 25(OH)D [33].

Regression techniques were employed to determine
whether the association between caries and vitamin D sta-
tus remained after controlling for confounders. Even after
controlling for seasonal influence on endogenous synthe-
sis, low household income, and infrequent consumption
of vitamin D drops and milk, the significant association
remained. Similarly, the association between 25(OH)D
concentrations and S-ECC was significant after logistic re-
gression while controlling for factors such as general
health status, the age when teeth cleaning was first started,
and household finances. As there was a strong relationship
between education and income, education was not in-
cluded in the model to avoid multi-colinearity.

Our study also reports that those with S-ECC had sig-
nificantly lower calcium and elevated PTH levels, as ob-
served in our pilot study [14]. These metabolites were
not, however, included in the regression models as they
were strongly correlated with 25(OH)D levels. This

multi-colinearity is expected, as these variables are
physiologically interrelated.

Children with S-ECC were found to have significantly
lower albumin levels than caries-free controls. Our finding
that 18.6% in the S-ECC group had low albumin is com-
parable to the 15% reported in another Canadian sample.
Albumin is a serum protein that can be used as an add-
itional indicator of overall nutritional status and malnutri-
tion [34]. A deficiency in this protein in conjunction with
undesirable vitamin D, PTH, and calcium levels may sug-
gest that children with S-ECC have nutritional deficien-
cies. We have recently reported that children with S-ECC
from this same study group were more likely to have low
ferritin and hemoglobin levels along with iron deficiency
anaemia [12]. Others have also reported that rampant car-
ies can negatively impact nutritional health status and
well-being [3,10,13,35]. Therefore, health professionals
should be aware of the potential nutritional deficiencies in
children suffering from extensive dental caries.

It is important to consider how S-ECC and poor nutri-
tional status are connected. Vitamin D and calcium distur-
bances during tooth development may result in dentin and
enamel defects, which can increase the risk for caries. How-
ever, children with S-ECC may experience ongoing pain
which may alter their eating habits. This can improve after
dental surgery under GA [3,9]. Avoidance of food because
of severe dental problems may, in turn, contribute to the
nutritional deficiencies identified in this sample [12].

This case—control study has some limitations. While we
did not assess caries rates, all children with S-ECC had
multiple cavitated caries lesions necessitating surgery. The
cross-sectional design did not allow us to distinguish be-
tween cause and effect. Additionally, children in our study
were matched by age and sex, but we were unable to
match by household economics and caregiver education
levels. The majority of S-ECC children came from lower-
income households. Identifying caries-free controls living
in these same communities proved challenging. Naturally,
some factors are difficult to control for as they are critical
to explaining why children are at risk for caries (e.g.
household income, parental education, etc.). Fortunately,
we controlled for household income in the regression
models. Additionally, the caregiver questionnaire involved
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retrospective questions on prenatal diet and the child’s first
12 months of life which may have introduced recall bias. In
retrospect, a comprehensive food frequency assessment
would have been a useful addition to the study. Despite
these limitations, the large sample size provided sufficient
statistical power, allowing greater confidence in our findings.

Conclusion
Based on the findings of this study, we conclude that:

e Children with S-ECC appear to be at significantly
greater odds of having low vitamin D status
compared to their caries-free controls.

e Children with S-ECC are likely malnourished, as
they displayed significantly lower levels of calcium
and serum albumin as well as higher levels of PTH
compared to the control group.

This study suggests a clear relationship between vitamin
D levels and the caries status of preschool children. As a
result of these findings, it may be advantageous for pri-
mary care providers (including dentists and physicians) to
consider serum 25(OH)D status when assessing the child’s
overall health. Specifically, recommending vitamin D sup-
plementation for children at risk of dental caries may re-
sult in a decrease in the overall prevalence of S-ECC and,
ultimately, reduce the burden on pediatric day surgery
centres.
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