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Abstract

Background: Severe early childhood caries (S-ECC) is common and has adverse affects on children’s
health. Children with S-ECC have been shown to have anemia or vitamin D deficiency. No studies have
assessed the presence of combined deficiencies with S-ECC. The purpose of our study was to exam-
ine whether those with S-ECC had a higher prevalence of combined anemia and low 25-hydroxyvita-
min D (25(OH)D) compared to controls. Covariates associated with elevated parathyroid hormone
(PTH), previously noted in S-ECC, were examined.

Methods: This is are-analyses of a previously described cross-sectional case—control study; data were
collected between 2009 and 2011. Children with S-ECC were recruited on the day of dental surgery
and controls from the community. Blood was drawn for complete blood count, ferritin, 25(OH)D and
PTH. Families completed a questionnaire.

Results: A total of 266 children participated (S-ECC n=144); the mean age was 40.8 + 14.1 months.
Children with S-ECC were more likely to have low 25(OH)D, hemoglobin, elevated PTH or iron-defi-
ciency anemia compared to controls. Significant differences between groups were seen for a combined defi-
ciency of low hemoglobin (<110 g/ L) and 25(OH)D < 50 nmol/L; controls 0/114 versus S-ECC 15/140
(P<0.001). In an adjusted regression model, PTH was negatively associated with 25(OH)D (P<0.001)
and higher income (P<0.02); it was positively associated with less regular milk consumption (P=0.001).
Conclusions: Combined deficiencies of vitamin D and anemia are more prevalent in children with
S-ECC; the etiology remains unclear. A detailed diet history is key in those with S-ECC to assess risks
for deficiencies.
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anaesthesia (3). Those with S-ECC often suffer from pain, sleep

disturbance, behaviour changes and altered eating habits (2).
Children with S-ECC have been found to have lower vita-

min D status or iron status or anemia in recent cross-sec-

Early childhood caries (ECC) is common and is defined as any
decay involving the primary dentition in children under 6 years
(1). The prevalence of ECC in Canadian children may be as
high as 40 to 50%, depending on the population (2). Severe

early childhood caries (S-ECC) is a more aggressive manifesta-
tion that frequently necessitates dental treatment under general

tional studies (4-6). At this time, it is not clear if altered
nutritional status is secondary to the caries limiting the
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consumption of nutrient-rich foods or other factors. The
predisposition to S-ECC may stem from dietary inadequa-
cies especially because children of lower socioeconomic
status (SES) are often at higher risk for S-ECC (S). Other
etiologies for these nutritional disturbances include chronic
inflammation or chronic infectious disease (2). Caries can
be considered a chronic infectious disease, as tooth-adher-
ent bacteria such as Streptococci mutans metabolize sugars,
produce acids and demineralize tooth structure (3).

The World Health Organization defines anemia in children
less than 60 months of age as a hemoglobin (Hgb) less than
110 g/L (7). Anemia attributable to iron deficiency is usually
microcytic, with a mean corpuscular volume (MCV) less than
80 fL and a marker of low iron stores (8). Recently, Schroth
et al. have shown that children with S-ECC have lower hemo-
globin, lower ferritin and are more likely to have iron defi-
ciency anemia (IDA) than controls (S). Schroth found that
75% of the children in the S-ECC group had isolated low
hemoglobin, which has been confirmed by others (4,5).

Vitamin D deficiency, typically defined as 25-hydroxyvi-
tamin D (25(OH)D) < 30 nmol/L, may be associated with
poorer oral health (9). This deficiency has been shown to con-
tribute to enamel hypoplasia, dental caries and periodontal
disease (10,11). 25-hydroxyvitamin D or its metabolites may
also play an immunological role with antimicrobial peptides
such as cathelicidin and defensins, which act against oral
pathogens (12). In the same cohort described above, children
with S-ECC had significantly lower 25(OH)D than healthy
age-matched controls (6). Additionally, elevated parathyroid
hormone (PTH) concentrations were seen more frequently
in those with S-ECC compared to controls. Elevated PTH
concentrations may be seen with low 25(OH)D, insufficient
dietary calcium intake or inflammation (13,14).

To our knowledge, no one has previously examined if
children with S-ECC are more likely to have combined low
concentrations of 25(OH)D and anemia. We hypothesize
these combined deficiencies will be more likely in those
with S-ECC compared to caries-free controls. Our primary
objective was to examine whether preschoolers with S-ECC
had higher prevalence of combined anemia (Hgb<110 g/L)
and low serum 25(OH)D (<50 nmol/L) compared to con-
trols. Our secondary objectives were to explore the poten-
tial mechanisms for the raised PTH in those with S-ECC
compared to controls and to assess if there was a difference
in the prevalence of combined low ferritin and 25(OH)D in
those with and without S-ECC.

METHODS

This is a re-analyses of a previously described cross-sectional

case—control study using the original data set (5,6). Children

with dental caries were recruited from the Misericordia
Hospital in Winnipeg, Manitoba at the time of dental sur-
gery and age-matched controls were recruited from the
community by advertisement. Data were collected between
October 2009 and August 2011. A total of 266 children under
72 months of age were recruited, 144 with severe early child-
hood caries and 122 caries-free controls. Parental consent
was obtained in the collection of the original data set.

Blood was collected at the time of the dental surgery or by a
research nurse for cases and controls, respectively. Laboratory
investigations included PTH, calcium, and albumin (Cobas,
8000, Laval, Canada) as well as ferritin and hemoglobin as
part of a complete CBC (Sysmex XES000, Japan); 25(OH)D
levels were also measured (Roche Electro-chemiluminescent
Immunoassay, Laval, Canada). A 25(OH)D < 50 nmol/L was
considered inadequate and > 75 nmol/L was considered opti-
mal; both were used in these analyses. For PTH, the reference
range is 1.1 to 5.5 pmol/L. Ferritin < 45 pmol/L was considered
low (4) as was hemoglobin < 110 g/L (7,8). Iron deficiency
(ID) was defined if both hemoglobin and ferritin concentrations
were low; IDA was defined as having two out of three abnormal
blood tests for hemoglobin, ferritin and/or MCV (4).

A questionnaire about pregnancy, birth history, child’s oral
and overall health, nutritional intake, supplements, employ-
ment status and family income was completed by caregivers as
administered by staff. Regular milk intake was defined as five or
more glasses (~250 mL) consumed per week (5,6).

In the previously reported control group, the prevalence of
combined low hemoglobin and low 25(OH)D was 0/114
(Table 3). With n=130, power=80% and a=0.0S, a two-sided
binomial test of proportions indicate sufficient power to detect
an increase of > 6% in the affected cases.

Descriptive analyses were completed, including means, medi-
ans and correlations between variables. Paired t tests (continuous
numeric variables) and chi-square or Fisher exact tests (catego-
rical variables) were performed to assess combined deficiencies
for cases and controls. Linear regression models were developed
to assess PTH concentrations and control for potentially con-
founding variables (e.g., sex, season, household income, etc.).
Routine regression diagnostics were performed. A P value of <
0.05 was considered significant. STATA (College Station, TX)
and R were used for statistical analyses (Vienna, Austria) (15).

Ethics approval was received by the University of Manitoba
Health Research Ethics Board for both the original and
amended protocol.

RESULTS

Atotal of 266 children (48.9% female, $1.1% male) participated in
the study. The mean age was 40.8 + 14.1 months; there was no sig-
nificant difference in age or sex between the two groups (Table 1).
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Children with S-ECC were heavier and had higher BMI z-scores
than the children in the control group (P<0.03, P=0.001, respec-
tively) and came from families with lower household incomes
(P<0.001). There were also differences in season when the blood
was drawn (P=0.04), with more children in the control group
assessed during the winter months (October to April).

As previously reported, those with S-ECC were more likely
to have inadequate 25(OH)D levels, elevated PTH, low hemo-
globin, low ferritin or iron deficiency anemia compared to
controls (Table 2) (5,6). When combined deficiencies were
analyzed, significant differences between groups were seen for
low hemoglobin and low 25(OH)D level (< 50 or < 7S nmo-
1/L) and iron deficiency or iron deficiency anemia only with a
25(OH)D < 75 nmol/L (OR=11.5, P=0.004) (Table 3). No
children in the caries-free control group had a combined defi-
ciency of low hemoglobin and low 25(OH)D level. There was
no significant difference between groups for combined defi-
ciencies of low 25(OH)D and low ferritin or low 25(OH)D
and low MCV.

Table 4 illustrates the univariate regression model demon-
strating an elevated PTH concentration in children with
S-ECC. The adjusted model showed that PTH was negatively
associated with 25(OH)D concentrations (P<0.001), serum
calcium (P=0.051) or improved household income (P=0.017).
It was positively associated with less regular milk consumption
(P=0.001). Age, sex and season had no significant effect.

DISCUSSION

We are likely the first to note that children with S-ECC had com-
bined low 25(OH)D and anemia, while the controls did not. One
could speculate the anemia is possibly an anemia of chronic dis-
ease (ACD) because the MCVs were generally normal and not

likely to be low in the S-ECC group but still nearly 70% of those
with S-ECC had normal values. Because ferritin is an acute phase
reactant, mild IDA may be underestimated (this required two or
three tests to be low—Hgb, ferritin and MCV). If underestimat-
ing IDA, we could speculate that combined deficiencies were sec-
ondary to nutrient poor diets. The lower SES of the S-ECC group
could fit with this hypothesis. The clustering of ID and IDA with
25(OH)D <75 nmol/L is consistent with this speculation. Since
the ID or IDA combination may be inflated with the generous
25(OH)D cut-off of 75 nmol/L, we prefer to only discuss the
findings with the more conservative 50 nmol/L threshold.

In reality, the anemia may well be of mixed etiology (such as
IDA, ACD or hemoglobinopathies including thalassemia trait).
Part of the reason for trying to dissect this is the question of
when or if to screen clinically or via laboratory testing children
at risk and supplement iron or vitamin D, if needed. To distin-
guish between iron-deficiency anemia and anemia of chronic
disease, more definitive testing with sedimentation rates,
C-reactive protein (CRP), and serum levels of erythropoietin
or soluble transferrin receptors, could be considered for future
studies, although bone marrow iron stores are still regarded as
the gold-standard (16).

Because we were limited in the number of children with
combined deficiencies, we could not explore all possible
confounders such as season of procurement of the sample
or diet that might explain lower vitamin D status. We did
see that 10 out of 15 children with S-ECC with combined
deficiencies had their sample procured in Oct-April, which
might partially explain our observation of combined defi-
ciencies. Nonetheless, five children with caries still had low
25(OH)D tested in summer and anemia. Lower status could
also be explained by poorer intake of vitamin D rich foods,
such as fortified milk, margarine or fatty fishes or lower use

different than those in the control group. The ferritins were more of supplements.
Table 1. Characteristics of children
Variable Mean Study group P value
Caries-free controls S-ECC
N=122 N=144
N (%) 95% CI N (%) 95% CI
Age 40.8 £ 14.1 39.3+16.3 36.4,42.3 42+11.8 40.1,43.9 0.1
Sex Male 136 66 (54.1) 0.44, 0.63 70 (48.6) 0.40, 0.57 0.4
Female 130 56 (45.9) 0.37,0.55 74 (51.4) 0.43,0.60
Weight (z-score) 0.67 £ 1.14 0.51+1.11 0.31,0.71 0.82£1.15 0.63,1.01 0.03
Height (z-score) 0.16+1.19 0.20£1.18 -0.01,0.42 0.11+£1.21 -0.01,0.30 0.5
BMI (Z-score) 0.84+1.39 0.54+1.32 0.30,0.78 1.10+ 1.40 0.87,1.34 0.001
Season Winter 77 (63.6) 0.54,0.72 72 (50.7) 0.42,0.59 0.04
Summer 44 (36.4) 0.28,0.46 70 (49.3) 0.41,0.58
Household income <$28,000/year 34 (28.1) 0.20,0.37 85 (64.4) 0.56,0.73 <0.001
>$28,000/year 87 (71.9) 0.63,0.80 47 (35.6) 0.27,0.44

BMI Body Mass Index; CI confidence interval; S-ECC Severe early childhood caries
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Table 2. Laboratory values by group
Variable Study group P value
Caries-free controls S-ECC
N (%) 95% CI N (%) 95% CI
25(OH)D < 50 nmol/L 14/121 (11.6%) 0.06,0.19 29/141 (20.6%) 0.14,0.28 0.05
25(OH)D < 75 nmol/L 52/121 (43%) 0.34,0.52 84/141 (59.6%) 0.51,0.68 0.007
High PTH > 5.5 pmol/L 7/114 (6.1%) 0.03,0.12 85/140 (60.7%) 0.52,0.69 <0.001
Low Hemoglobin < 110 g/L S/114 (4.4%) 0.01,0.10 64/140 (45.7%) 0.37,0.54 <0.001
Low Ferritin < 45 pmol/L 24/118 (20.3%) 0.13,0.29 45/140 (32.1%) 0.25,0.41 0.03
LowMCV < 75 fL 18/114 (15.8%) 0.10,0.24 23/140 (16.4%) 0.11,0.24 0.9
Iron deficiency 3/114 (2.6%) 0.01,0.07 26/140 (18.6%) 0.13,0.26 <0.001
Iron deficiency anemia 7/114 (6.1%) 0.03,0.12 34/140 (24.3%) 0.17,0.32 <0.001
CI confidence interval; MCV mean corpuscular volume; PTH parathyroid hormone; S-ECC Severe early childhood caries
Table 3. Combined deficiencies by group
Variable Study group P value
Caries-free controls S-ECC
N (%) 95% CI N (%) 95% CI
25(OH)D < 50 nmol/L + Hgb < 110 g/L 0/114 (0%) 0,0.03 15/140 (10.7%) 0.06,0.17 <0.001
25(OH)D < 75 nmol/L + Hgb < 110 g/L 0/114 (0%) 0,0.03 38/140 (27.1%) 0.20,0.35 <0.001
25(OH)D < 50 nmol/L + Fer < 45 pmol/L 4/118 (3.4%) 0,0.08 6/140 (4.3%) 0.02,0.09 0.8
25(OH)D < 75 nmol/L + Fer < 45 pmol/L 11/118 (9.3%) 0.05,0.16 19/140 (13.6%) 0.08,0.20 0.3
25(OH)D < 50 nmol/L + MCV < 75 fL 1/114 (0.9%) 0,0.058 1/140 (0.7%) 0,0.04 1.0
25(OH)D < 75 nmol/L + MCV < 75 fL 7/114 (6.1%) 0.03,0.12 8/140 (5.7%) 0.02,0.11 1.0
25(0OH)D < 50 nmol/L + ID 0/114 (0%) 0,0.03 3/140 (2.1%) 0,0.06 0.3
25(OH)D < 75 nmol/L + ID 0/114 (0%) 0,0.03 12/140 (8.6%) 0.05,0.15 <0.001
25(OH)D < 50 nmol/L + IDA 0/114 (0%) 0,0.03 3/140 (2.1%) 0,0.06 0.3
25(OH)D < 75 nmol/L + IDA 1/114 (0.9%) 0,0.05 13/140 (9.3%) 0.05,0.15 0.004
CI confidence interval; Fer ferritin; Hgb hemoglobin; ID iron deficiency; IDA iron deficiency anemia; S-ECC Severe early childhood caries
Table 4. Univariate and multivariable regression for PTH concentration
Variable Regression coefficient 95% confidence interval P value
Intercept 32.90 / /
S-ECC* 26.18 21.78,30.59 <0.001
Multivariable regressions
Intercept 94.48 / /
S-ECC* 16.84 11.04,22.65 <0.001
Age (months) -0.002 -0.158,0.154 1.0
Sex' 3.22 -0.89,7.32 0.1
Season* 3.57 -0.98,8.11 0.1
Household income** -5.48 -9.97,-0.99 0.02
Calcium (mmol/L) -21.03 -42.19,0.12 0.0
Regular milk drinker'* 13.2 5.61,20.79 0.001
25(OH) D level (nmol/L) -0.12 -0.18,-0.06 <0.001

*Referent = caries free-controls. "Referent = male. *Referent = winter. **Referent = income <$28,000/year. ""Referent = S or more glasses/week
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Vitamin D supplementation of children (in the form of vita-
min D2, D3 and irradiation) has been shown to lower the risk
for dental caries in a meta-analysis (17). Vitamin D metabolites
play a role in tooth formation and levels in early childhood may
ultimately impact secondary teeth as they form. It is possible that
maternal vitamin D status plays a more important role in primary
teeth than vitamin D status of children at the time of dental car-
ies in early childhood (18,19). We do not have information on
maternal vitamin D status during pregnancy for this cohort.

Others have shown that combined deficiencies of 25(OH)
D and iron are also prevalent in populations of healthy children
(20-23). In one study, Jin et al. demonstrated that 67% of chil-
dren less than 24 months with iron deficiency anemia also had
vitamin D deficiency (25(OH)D < 50 nmol/L) and 53% of those
children with iron deficiency (defined as ferritin < 27 pmol/L)
had vitamin D deficiency compared to 29% of normal controls
(20). Yoon et al. also demonstrated increased iron deficiency ane-
mia in children under 2 years of age with vitamin D deficiency
(25.5% compared to 12% of controls) (21). Mechanistically,
vitamin D metabolism may play a role in erythropoiesis while
iron-dependent enzymes are required for activation of vitamin D
metabolites (24,25).

Alternatively, the combination of low vitamin D status and
anemia could be coincidental. For example, this could just be
ACD and moderately low vitamin D status, particularly for those
sampled in winter. Prospective cohort studies of children at risk
might help to delineate the different mechanisms for the anemia.
How both may play a role in the etiology of S-ECC is unclear.
Poorer dietary vitamin D or calcium may impair enamel forma-
tion. However, these deficiencies may just be proxies for lower
SES where having tools and knowledge to start early tooth clean-
ing, eliminating baby bottles and the use of fluoride containing
toothpaste might be limited. The higher BMI and weight z-scores
may reflect choices of food calorically dense but nutritionally
poor often consumed by those of lower SES (26,27).

We had wondered whether the higher PTH in the S-ECC
group might reflect poor calcium intake (poorer nutritional
intake in general), especially given the increased numbers of
families earning very low incomes and lower 25(OH)D con-
centrations in the S-ECC group. We were motivated to perform
these analyses because of established associations between
poor vitamin D or calcium intakes and developmental defects
of enamel (18,28). Nevertheless, adding the variable ‘regular’
milk consumption into the regression model did not negate the
group effect even after adjustment for 25(OH)D concentra-
tion and season. To date, others have noted that PTH concen-
trations may be high in adults with periodontal disease (29).
Another possible mechanism is that inflammation has been
associated with elevated PTH, although other studies have seen
suppressed concentrations (13,14). Perhaps the elevated PTH
concentration and anemia reflect inflammatory processes.

This study is one of the first to look at combined deficiencies
of vitamin D and anemia in children with dental caries. It was
well powered to analyze the primary outcome. There was a rea-
sonable breadth of information available on study participants
for analysis. Certain laboratory variables were not available that
may have been useful for analysis including serum iron, iron
saturation and CRP to better assess inflammation. Another lim-
itation was the small number of children identified with a com-
bined deficiency including none of the controls; this limited the
intention to do more sophisticated statistical analyses.

CONCLUSION

Some children with S-ECC have combined deficiencies; given
the relatively low frequency we do not encourage laboratory
investigation. However, a good dietary history and discussion
with the family about iron, vitamin D and possibly calcium rich
diets may be warranted when seeing children with S-ECC, espe-
cially those of lower income. Future studies with more detailed
assessment of nutritional status before and after dental surgery
may be helpful to clarify some of these remaining questions.
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