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ABSTRACT

OBJECTIVE. Despite limited epidemiologic evidence, concern has been raised that
breastfeeding and its duration may increase the risk of early childhood caries. The
objective of this study was to assess the potential association of breastfeeding and
other factors with the risk for early childhood caries among young children in the
United States.

METHODS. Data about oral health, infant feeding, and other child and family char-
acteristics among children 2 to 5 years of age (N = 1576) were extracted from the
1999-2002 National Health and Nutrition Examination Survey. The association of
breastfeeding and its duration, as well as other factors that previous research has
found associated with early childhood caries, was examined in bivariate analyses
and by multivariable logistic and Poisson regression analyses.

RESULTS. After adjusting for potential confounders significant in bivariate analyses,
breastfeeding and its duration were not associated with the risk for early childhood
caries. Independent associations with increased risk for early childhood caries were
older child age, poverty, being Mexican American, a dental visit within the last
year, and maternal prenatal smoking. Poverty and being Mexican American also
were independently associated with severe early childhood caries, whereas char-
acteristics that were independently associated with greater decayed and filled
surfaces on primary teeth surfaces were poverty, a dental visit within the last year,
5 years of age, and maternal smoking.

CONCLUSIONS. These data provide no evidence to suggest that breastfeeding or its
duration are independent risk factors for early childhood caries, severe early
childhood caries, or decayed and filled surfaces on primary teeth. In contrast, they
identify poverty, Mexican American ethnic status, and maternal smoking as in-
dependent risk factors for early childhood caries, which highlights the need to
target poor and Mexican American children and those whose mothers smoke for
early preventive dental visits.
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HE AMERICAN ACADEMY of Pediatrics identifies hu-

man milk as the ideal nutrient for infants' on the
basis of the extensive scientific evidence demonstrating
that breastfeeding and the use of human milk provide
multiple health-related advantages to infants, mothers,
and society.!? Breastfeeding is recommended by pedia-
tricians and other health care professionals to be contin-
ued for at least the first year of life and beyond, for as
long as mutually desired by mother and child.! Pro-
longed and unrestricted breastfeeding, however, has
been reported to be a potential risk factor for early
childhood caries (ECC),>¢ and a recent animal study, the
results of which were recently published in this journal,
found breast milk to be more cariogenic than bovine
milk.” However, epidemiologic evidence linking infant
breastfeeding and its duration and ECC in children is
very limited. The purpose of this study was to use na-
tionally representative data about children to assess the
potential association of breastfeeding and its duration, as
well as the association of other factors that there is
reason to believe may contribute to ECC, with the risk
for ECC among young children in the United States.

MATERIALS AND METHODS

Data from the 1999-2002 National Health and Nutrition
Examination Survey (NHANES),® a cross-sectional sur-
vey conducted by the National Center for Health Statis-
tics, Centers for Disease Control and Prevention, were
analyzed for 1576 children 2 to 5 years of age with
information on both infant feeding and oral health. The
NHANES includes a household interview with informa-
tion regarding numerous aspects of children’s diet, nu-
trition and oral health behavior, and family socioeco-
nomic characteristics completed by the person most
knowledgeable about the child, usually the mother. Re-
sults of dental examinations also are included as part of
this survey.

Infant Breastfeeding Data

Information about infant feeding was obtained from par-
ents/guardians of children during an in-person inter-
view based on retrospective recall. The definition of the
various breastfeeding categories used in this study was
based on the schema developed by the Interagency
Group for Action on Breastfeeding in 1988.° Breastfeed-
ing and its duration (overall, full, and exclusive) were
examined by using the following criteria: whether the
child was ever breastfed (history of breastfeeding), the
age when the child completely stopped breastfeeding or
being fed breast milk (overall breastfeeding duration),
the age when the child was first fed something other
than breast milk or water (exclusive breastfeeding dura-
tion), and the age when the child was first fed formula,
milk, or solid foods on a daily basis (full breastfeeding
duration). Children who consumed only breast milk,
with or without the consumption of water, were in-

cluded in the assessment of exclusive breastfeeding du-
ration although, most conservatively, exclusive breast-
feeding often refers to the period when infants do not
consume anything other than breast milk. This decision
was based on limitations of the NHANES data and the
fact that there are no data to suggest that the consump-
tion of water is a risk factor for dental caries.

ECC, Severe ECC, and Decayed or Filled Primary Tooth Surfaces
Count Data

A dental examination was performed for children aged
=2 years by a trained and calibrated dentist in a medical
examination center. Dental caries, that is, decayed or
filled primary tooth surfaces (dfs), was assessed by
means of a visual/tactile examination without radio-
graphs.!® The American Academy of Pediatric Dentistry
defines ECC and severe ECC (S-ECC) as follows!!': ECC is
the presence of =1 decayed, missing (because of caries),
or filled primary tooth surfaces (dmfs) in any primary
tooth in a child =71 months of age. S-ECC is defined as
any sign of smooth-surface caries in children <3 years of
age; =1 cavitated, missing (because of caries), or filled
smooth surface in primary maxillary anterior teeth from
ages 3 through 5 years; or the presence of =1 decayed,
missing (because of caries), or filled primary tooth sur-
faces of =4 at age 3 years, =5 at age 4 years, or =6 at age
5 years. The reasons for missing primary teeth were not
identified in the NHANES data. Hence, in this study,
ECC refers to the presence of any dfs on any primary
tooth and S-ECC refers to the presence of dfs on any
maxillary incisor in children 2 to 5 years of age. The total
dfs count was used as a measure of disease severity.

Other Variables Investigated

Other potential associations with ECC, S-ECC, and dfs
count were analyzed, including birth weight, age, gen-
der, race/ethnicity, poverty status, maternal age at
child’s birth, maternal history of smoking during preg-
nancy, history of admission to a NICU, and time since
last dental visit. Information about these factors was
obtained through the household interview. As discussed
further in “Discussion,” each of these factors was in-
cluded because of previous research indicating their as-
sociation with dental caries or breastfeeding.!2-17

Statistical Analyses

The prevalence of children with ECC, S-ECC, and mean
dfs count was calculated to assess the association of
caries with the history and duration of breastfeeding
(overall, full, and exclusive) and selected other factors.
X? tests, t tests, and analyses of variance were performed
to assess statistical significance. Logistic regression mod-
els were performed with the outcomes of ECC and S-
ECC (any versus none) to assess the independent asso-
ciation of breastfeeding while controlling for potential
confounders found in the bivariate (unadjusted) analy-
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ses (P = .10). Similarly, Poisson regression models were
analyzed with dfs count as the outcome. Adjusted odds
ratios (aORs) and incidence density ratios (IDRs) were
calculated for each, respectively. The IDR is the ratio of
the incidence rate among exposed to that of unexposed
children. An IDR of unity indicates that a covariate is not
associated with the dependent variable (dfs count). All of
the potential confounders included in the models were
categorical variables; therefore, each AOR and IDR com-
pares the association of a particular category to a refer-
ence category for each covariate. Interactions with
breastfeeding were included in secondary analyses;
however, results are based on the models with only the
main effects. Because the NHANES uses a complex, mul-
tistage sampling design, SUDAAN software (Research
Triangle Institute, Research Triangle Park, NC)'s was
used to estimate appropriate variances for all of the
analyses, including bivariate analyses and multivariable
logistic and Poisson regressions.!® Results were weighted
to be representative of 2- to 5-year-olds in the United
States according to the sampling weights that are pro-
vided by the NHANES.!®

RESULTS

Not shown in the tables are the following findings about
sociodemographic characteristics of children according
to breastfeeding category: children reported to have
been breastfed were more likely to be nonblack, living at
or above 200% of the federal poverty level (FPL), and
born to older mothers who were less likely to report
smoking during pregnancy (P < .001 for each). Those
exclusively breastfed for =9 months were more likely to
be normal birth weight and Mexican American, whereas
children who were breastfed overall for a year or longer
were more likely to be Mexican American and born to
mothers who did not smoke during pregnancy (P < .05
for each). The majority of breastfed children (~75%)
were introduced to something other than breast milk or
water by age 3 to 6 months.

Sample characteristics and the results of bivariate
analyses are shown in Table 1. Overall, 27.5% of 2- to
5-year-old-children had ECC (any dfs), and 10% had
S-ECC (any dfs on maxillary incisors). Approximately
60% of children were reported as having ever been
breastfed, and overall such children had lower rates of
ECC and S-ECC compared with those never breastfed.
Children breastfed overall for =1 year were more likely
to experience ECC than children who were breastfed for
<1 year (32.8% vs 22.5%; P < .01; data not shown in
tables), whereas there was no statistically significant dif-
ference in rates of ECC between those exclusively
breastfed for =9 months compared with those exclu-
sively breastfed for <9 months (19.5% vs 25.4%; P =
.36; data not shown in tables).

ECC rates increased with age, whereas S-ECC rates
did not. Family income and child race/ethnicity both
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were associated with ECC and S-ECC, with rates of both
highest among those living below the FPL and lowest
among those living at =200% of the FPL. Mexican
American children had the highest rates of both ECC and
S-ECC, followed by non-Hispanic black children and
non-Hispanic white children, with children of other
race/ethnicities having the lowest rates. Prenatal mater-
nal smoking was associated with increased rates of ECC
but not with rates of S-ECC. Overall, 36.3% of children
who had a dental visit in the last year had ECC, whereas
the percentage of children who had ECC and did not
have a dental visit within the last year was only 18.5%.

In logistic regression analyses conducted to identify
factors independently associated with ECC (Table 2), a
history of ever having been breastfed was not associated
with rates of ECC. In contrast, independent risks for ECC
were increased child age, Mexican American ethnicity,
living below the FPL, maternal prenatal smoking, and
having had a dental visit within the last year.

Factors independently associated with an increased
risk for S-ECC are shown in Table 3 and include Mexican
American ethnicity and living at <200% of the FPL,
whereas a history of ever having been breastfed was not
associated with rates of S-ECC. Table 4 shows results of
multivariable analyses that demonstrate that breastfeed-
ing duration, whether overall, full, or exclusive, is not
associated with either reduced or increased risk of ECC
or S-ECC.

Overall, the mean dfs count was 2.4. Poisson regres-
sion models that included the child’s birth weight, age,
race/ethnicity, poverty status, maternal age at child’s
birth, maternal smoking during pregnancy, and time
since last dental visit were used to assess the association
between infant breastfeeding and dfs counts (Table 5).
History of breastfeeding or breastfeeding duration of any
type again were not significantly associated with DFS
counts, whereas being 5 years old, living below the FPL,
maternal smoking during pregnancy, and having a den-
tal visit in the past year each were independently asso-
ciated with increased dfs counts. Children’s birth weight,
race/ethnicity, and maternal age at child’s birth were not
associated with increased numbers of caries.

Additional regression analyses were performed to at-
tempt to better explicate the relationships between
breastfeeding status and other factors investigated for
associations with ECC, as well as for interaction effects.
Breastfeeding was associated with a 40% reduced risk
for ECC (aOR: 0.6; 95% confidence interval [CI]: 0.4—
0.9; data not shown in tables) when poverty status,
maternal age at child’s birth, and maternal prenatal
smoking were excluded from the full model used in
Table 2 and similarly was associated with a 40% de-
crease in the risk for S-ECC (aOR: 0.6; 95% CI: 0.4-0.9;
data not shown in tables) when poverty status and ma-
ternal age at child’s birth were removed from the full
model used in Table 3. When accounting for interactions
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TABLE 1 Distribution of US Children Aged 2 to 5 Years by Study Variables for ECC and S-ECC (Unadjusted Analysis)

Variable ECC S-ECC
Sample Prevalence, % P Sample Prevalence, % P
Size Size
Overall 1576 27.5 1503 100
History of breastfeeding 1568 03 1495 02
Ever 939 249 899 82
Never 629 323 59 135
Overall breastfeeding duration 1562 01 1489 02
=1y 216 32.8 210 119
6moto<ly 274 206 265 54
4t0 <6mo 105 249 97 9.6
1to <4 mo 233 222 222 6.0
<1mo 105 266 99 11.6
0 629 323 596 135
Exclusive breastfeeding duration, mo 1561 054 1488 049
=9 57 19.5 55 72
6to <9 166 295 160 85
3to <6 311 236 299 6.9
<3 398 24.8 378 93
0 629 323 596 135
Full breastfeeding duration, mo 1562 04 1489 03
=9 55 255 53 9.6
6to <9 179 27.2 174 75
3to <6 304 24.8 286 6.4
<3 395 238 380 9.8
0 629 323 596 135
Birth weight, g 1517 63 1448 02
Very low (<1500) 24 173 23 22
Low (1500-2499) 124 29.2 118 9.1
Normal (=2500) 1369 276 1307 10.1
Age,y <.001 22
2 495 109 487 76
3 381 209 370 10.1
4 362 344 347 10.8
5 338 443 299 1.7
Gender 49 99
Male 793 287 751 100
Female 783 263 752 100
Race/ethnicity <.001 <.001
Non-Hispanic white 489 253 477 79
Non-Hispanic black 456 318 427 139
Mexican American 478 419 458 17.9
Other 153 173 141 72
Poverty status, % FPL 1408 <.001 1342 <.001
<100 511 413 478 186
100 to <200 395 279 377 1.2
=200 502 17.2 487 44
Maternal age at child’s birth, y 1570 <.001 1498 01
=19 253 385 237 185
20-29 839 293 804 10.1
=30 478 21.6 457 74
Maternal smoking during pregnancy 1563 01 1491 21
Yes 226 384 217 14.1
No 1337 253 1274 9.1
NICU 1568 73 1495 29
Yes 175 28.7 165 132
No 1393 273 1330 94
Time since last dental visit 1508 <.001 1445 26
=ly 672 363 619 13
>1y 836 185 826 86
ECCincludes any DFS score (=1), and S-ECC includes any DFS score (=1) on maxillary incisors.
Source: NHANES, 1999-2002.2
PEDIATRICS Volume 120, Number 4, October 2007 e947
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TABLE2 Multivariable Logistic Regression Model for ECC: US
Children Aged 2 to 5 Years (N = 1302)

TABLE3 Multivariate Logistic Regression Model for S-ECC: US
Children Aged 2 to 5 Years (N = 1298)

Independent Variables aOR 95% Cl P Independent Variables aOR 95% Cl P
History of breastfeeding History of breastfeeding
Ever 097 0.63-1.49 89 Ever 083 0.49-1.40 47
Never 1.00 NA NA Never 1.00 NA NA
Birth weight Birth weight
Very low and low 0.66 0.36-1.19 16 Very low and low 052 0.25-1.10 09
Normal 1.00 NA NA Normal 1.00 NA NA
Age,y Race/ethnicity
2 1.00 NA NA Non-Hispanic white 1.00 NA NA
3 1.83 1.16-2.88 01 Non-Hispanic black 1.02 0.55-1.87 96
4 322 1.84-5.63 <.001 Mexican American 1.84 1.08-3.14 03
5 4.77 2.63-8.66 <.001 Other 0.87 0.36-2.15 .76
Race/ethnicity Poverty status, % FPL
Non-Hispanic white 1.00 NA NA <100 4.14 2.03-8.42 <.001
Non-Hispanic black 0.95 0.64-141 79 100 to <200 2.26 1.21-4.22 01
Mexican American 1.85 1.33-2.57 001 =200 1.00 NA NA
Other 0.60 031-1.19 14 Maternal age at child’s birth, y
Poverty status, % FPL =19 148 0.64-3.43 35
<100 345 2.05-5.81 <.001 20-29 0.93 0.47-1.82 82
100 to <200 1.72 0.99-2.99 .06 =30 1.00 NA NA
=200 1.00 NA NA S-ECCis for any DFS (=1) on maxillary incisors. NA indicates not applicable.
Maternal age at child's birth, y Source: NHANES, 1999-2002.8
=19 1.51 0.90-2.54 A
20-29 1.05 0.69-1.59 81
=
M a;jr?al smoking during pregnancy 10 WA A sive, is not associated with any increased risk for ECC or
Yes 168 101-2.79 05 S-ECC. In contrast, poverty, Mexican American ethnic sta-
No 1.00 NA NA tus, and maternal smoking during pregnancy were each
Time since last dental visit, y found to be independently associated with ECC. Several
i 133 1 SN_j'% NOAJ previous studies reported findings similar to those reported

ECCis for any DFS (=1). NA indicates not applicable.
Source: NHANES, 1999-2002.8

of breastfeeding and other factors included in the full
model, breastfed Mexican American children were at
greater risk for ECC than non-Hispanic white children
who were never breastfed (aOR: 2.1; 95% CI: 1.1-3.8),
and breastfed children living below the FPL were also
more likely to experience ECC than children living in
families at =200% of the FPL who had never been
breastfed (aOR: 3.2; 95% CI: 1.4-7.3).

DISCUSSION

Although Bowen and Lawrence,” using a desalivated rat
model, reported recently that human breast milk was
more cariogenic than bovine milk, epidemiologic data on
breastfeeding and caries risk are quite limited. Breast-
feeding and dental caries among children aged 2 through
5 years was studied previously using data from 1988 to
1994, and no association was found.'* In the current
study, using more recent data and more detailed cate-
gorization of breastfeeding duration and type, the poten-
tial association of the duration of exclusive breastfeeding
and breastfeeding accompanied by additional supple-
mental feedings that potentially contained sucrose were
investigated. The findings indicate that infant breast-
feeding and its duration, whether overall, full, or exclu-
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in this article concerning the association between various
aspects of breastfeeding and ECC.2>-2> Although breastfeed-
ing was not found to be associated with either an increased
or decreased risk of ECC, decreased family income and
prenatal maternal smoking, both strongly associated with
decreased rates of breastfeeding as demonstrated in previ-
ous studies,'? were both found to be independently associ-
ated with an increased risk.

Maternal smoking during pregnancy is well recog-
nized to be associated with myriad negative perinatal
health outcomes in children,*7 in addition to early
termination of breastfeeding.?s?* In this study, children
whose mothers reported smoking during pregnancy
were less likely to be breastfed, but maternal smoking
during pregnancy also was independently associated
with increased rates of ECC and higher numbers of
caries in multivariable analyses that controlled for
breastfeeding. It is not possible from these data to disen-
tangle whether it is prenatal, postnatal, or both prenatal
and postnatal tobacco smoke exposure that is associated
with an increased risk of ECC, because women who
smoke during pregnancy are likely to continue smoking
postnatally. Also, whereas it is possible that maternal
smoking during pregnancy may simply be a marker for a
mother’s unhealthy choices for diet and oral hygiene
practices, the association between secondhand tobacco
smoke exposure and increased risk for dental caries in
children in this and previous studies'7%>! indicates a
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TABLE4 aORs for Types of Breastfeeding and Its Duration Associated With the Risk of ECC and S-ECC: US Children Aged 2 to 5 Years

Breastfeeding Types and Duration aOR for ECC 95% Cl aOR for S-ECC 95% Cl
Overall breastfeeding duration (N = 1299)
=1y 143 0.83-2.48 1.18 0.59-2.34
6moto<ly 0.80 0.42-1.56 0.62 0.30-1.28
4to <6 mo 0.94 042-2.11 0.92 0.29-291
1to <4mo 0.83 0.49-1.41 057 0.30-1.09
<1mo 0.95 0.54-167 1.20 0.54-2.66
0 1.00 NA 1.00 NA
Exclusive breastfeeding duration (N = 1298), mo
=9 0.68 0.28-1.67 0.74 0.30-1.84
610 <9 123 0.62-243 0.89 0.36-2.17
3t0 <6 0.96 0.51-1.80 0.68 040-1.13
<3 091 0.62-1.33 097 0.50-1.91
0 1.00 NA 1.00 NA
Full breastfeeding duration (N = 1299), mo
=9 1.14 0.43-3.01 113 0.44-2.87
610 <9 1.04 0.55-1.99 0.80 0.34-1.88
3t0 <6 0.97 0.55-1.72 0.62 0.36-1.08
<3 091 0.62-1.33 1.00 0.52-1.93
0 1.00 NA 1.00 NA

ECCis for any DFS (=1). S-ECCis for any DFS (=1) on maxillary incisors. NA indicates not applicable.

Source: NHANES, 199920028

TABLE5 Poisson Regression for DFS Count: US Children Aged 2 to 5
Years (N = 1302)

Independent Variables IDR 95% IDR P

History of breastfeeding

Ever 1.18 0.75-1.86 47

Never 1.00 NA NA
Birth weight

Very low and low 145 0.63-3.31 99

Normal 1.00 NA NA
Age,y

2 1.00 NA NA

3 1.34 0.70-2.59 37

4 137 0.77-2.44 27

5 2.09 1.17-373 01
Race/ethnicity

Non-Hispanic white 1.00 NA NA

Non-Hispanic black 0.68 042-1.08 10

Mexican American 1.14 0.70-1.84 59

Other 0.74 0.35-1.58 42
Poverty status, % FPL

<100 5.12 2.85-9.18 <.001

100 to <200 1.82 091-3.63 09

=200 1.00 NA NA
Maternal age at child’s birth, y

=19 1.17 0.67-2.03 0.58

20-29 0.56 0.54-1.45 061

=30 1.00 NA NA
Maternal smoking during pregnancy

Yes 1.54 1.06-2.24 0.02

No 1.00 NA NA
Time since last dental visit, y

=1 392 2.55-6.01 <0.001

>1 1.00 NA NA

Source: NHANES, 1999-2002.8

clear need to establish the possible causal nature of the
association of exposures to maternal smoking in utero
and postnatally and ECC.

Consistent with previous studies, children living in
poverty and Mexican American children were at signif-
icantly increased risk for both ECC and S-ECC.!>1632
Although it is well recognized that socioeconomic factors
and ethnicity influence dietary and oral health-related
behaviors, as well as access to dental care, it remains
unclear why poor and Mexican American children are at
increased risk for ECC. Mexican American children in
this nationally representative sample were more likely to
breastfeed longer (both overall and exclusively) than
other ethnic/racial groups. Ramos-Gomez et al?! found
higher rates of ECC among Mexican-American rural
migrant children in California, but nursing patterns,
such as duration, frequency or bedtime bottle/breast-
feeding were not found to be independently associated
with increased rates. Interestingly, in the current study,
breastfed Mexican American and breastfed poor children
had higher rates of ECC than non-Mexican American
children or those living at =200% of the FPL who were
never breastfed. The reasons for this could not be inves-
tigated because of limitations of the data. The NHANES
1999-2002 lacks, for example, information about nurs-
ing patterns, as well as other potentially cariogenic fac-
tors that might have been associated with poverty or
being Mexican American, such as the level of oral car-
iogenic microorganisms, frequency of carbohydrate in-
take, or personal oral hygiene habits. These findings do
suggest, however, that breastfeeding does not eradicate
the increased risk for ECC among Mexican American
children and those living in poverty.

The American Academy of Pediatric Dentistry cur-
rently recommends weaning from bottle or breastfeed-
ing by the age of 12 to 14 months and discourages
bedtime infant feeding, especially after the eruption of
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the first tooth, to prevent ECC.>* Although Roberts et
al,2 in their study of 1- to 4-year-old South African
children, reported that children who were breastfed for
=12 months had a lower level of caries than those bottle
fed or bottle and breastfed for <12 months, the current
study provides no evidence that breastfeeding for >1
year decreases or increases the risk for ECC or dfs counts.
Moreover, interpretation of the results of the current
study relevant to this issue is further limited in a number
of ways. For example, the quantity and quality of sup-
plemental feedings, the quantity of breastfeeding, and
information about other factors, such as bedtime breast-
feeding or bottle feeding, are not available from
NHANES data, and, thus, it is not known how these
factors might differ among those breastfed for >1 year
and those breastfed for a shorter duration. Several other
studies have investigated these factors; however, the
results of such studies remain inconclusive.>6163435

It has been found previously that infrequent dental
visits were associated with an increased risk for un-
treated caries.'®*° In the current study, however, chil-
dren who had a dental visit within the last year had
higher ECC rates and were at significant risk for greater
dfs counts than children who did not visit a dentist in the
last year. Graves et al*¢ also reported a positive relation
between the number of dental visits and caries preva-
lence in children. Vargas et al>’ examined the relation-
ship between children’s dental needs and dental care use
and reported that young children 2 to 5 years of age
without perceived needs were more likely to have never
visited a dentist than those with perceived needs. They
also found that 42% of parents of 3- to 4-year-old chil-
dren attending Head Start in Maryland reported that
their child had not been to the dentist because he or she
was too young to visit the dentist, and 29% of parents
reported that their child did not have dental problems.?s
In addition to such parental misconceptions about dental
visits for preschool-aged children, what could attribute
to limited access for timely and regular preventive dental
care for children during early childhood includes the
absence of successful referrals from pediatric care pro-
fessionals for primary dental care and an insufficient
dental capacity, because a low number of dentists accept
infants, toddlers, and Medicaid insurance nationwide.*
We postulate that most young children’s dental visits are
currently driven by existing dental problems in children
and their urgency for care rather than routine dental
prevention, and the relationship between caries and
dental visits found in this study is a reflection of chil-
dren’s need for dental treatment.

Age-related accumulation of caries among children is
well recognized,”” and this finding was corroborated in
this study. S-ECC prevalence, however, was not found
to be associated with age. It is possible that S-ECC teeth
that were naturally exfoliated or extracted before sub-
jects’ participation in the NHANES might have contrib-
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uted to this and led us to erroneously find no age-related
increases in S-ECC. O’Sullivan and Tinanoff, however,*°
have suggested that the prevalence of the maxillary an-
terior pattern of ECC usually does not increase after the
age of 3 years, because children who are at risk will
already have manifested the disease, and most children
will have discontinued inappropriate bottle habits by age
3 years. Although their suggestion is based on the asso-
ciation between poor bottle habits and caries risk, biva-
riate analyses of data measured in the present study
indicate that the prevalence of S-ECC was fairly stable
among children =3 years of age. Because primary max-
illary incisors usually erupt by age 1 year and can man-
ifest nursing caries earlier than any other teeth if dele-
terious oral habits exist from birth,*! further studies
should include children younger than age 2 years so we
can obtain a clearer picture of risk factors for S-ECC.

A major strength of this study is its large, nationally
representative sample of US children who are ethnically
diverse. Limitations, in addition to those already noted,
include the use of cross-sectional data to examine pos-
sible relationships between previous breastfeeding expe-
riences and caries or filled-tooth surfaces at the time of
the survey, introducing the potential for recall bias of the
estimation of breastfeeding duration and introduction of
other foods. Ruowei et al*? reported that validity and
reliability of maternal recall for the age at introduction of
foods and fluids other than breast milk are less satisfac-
tory than for initiation and termination of breastfeeding.
Thus, the information on exclusive and full breastfeed-
ing duration may be more affected by retrospective recall
bias than overall breastfeeding duration. Also, although
the NHANES is the only large national data set that
contains data from actual oral health examinations, it
has limited data about many other potentially important
experiences of children that might influence their oral
health, such as frequency of bedtime feedings, maternal
oral health status, family oral hygiene practice, cario-
genic microbial flora, or fluoride exposure, each of
which is known to be associated with ECC.

CONCLUSIONS

These data provide no evidence that breastfeeding or its
duration are independently associated with an increased
risk for ECC, S-ECC, or a greater number of decayed or
filled tooth surfaces among children ages 2 to 5 years in
the United States. In contrast, they corroborate that
children living in poverty and Mexican American chil-
dren are at increased risk for poor oral health in the early
years, and they indicate that maternal smoking is an-
other such potential risk factor. Clearly, there is a need
for more research to identify specific characteristics of
poverty and Mexican American ethnicity that contribute
to or cause ECC, and the same applies to children pre-
natally or postnatally exposed to cigarette smoke. De-
spite the need for more understanding of how these
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factors may be causally related to ECC, the findings
reported do not indicate any reason to delay action to
improve the oral health of children. Rather, they high-
light the need to target children living in poverty, those
who are Mexican American, and those whose mothers
smoke or smoked during pregnancy for timely caries risk
assessment and regular preventive dental visits.

ACKNOWLEDGMENTS

This work was supported in part by Maternal and Child
Health Bureau/Health Resources and Services Adminis-
tration contract 282-98-0009, task order 18, with Health
Systems Research, Inc, and the Flight Attendant Medical
Research Institute.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Gartner LM, Morton J, Lawrence RA, et al. Breastfeeding and
the use of human milk. Pediatrics. 2005;115:496-506

. American Academy of Pediatric Dentistry. Policy on Dietary

Recommendations for Infants, Children, and Adolescents. Pe-
diatr Dent. 2005;27:36-37

. Azevedo TD, Bezerra AC, de Toledo OA. Feeding habits and

severe early childhood caries in Brazilian preschool children.
Pediatr Dent. 2005;27:28-33

. Dini EL, Holt RD, Bedi R. Caries and its association with infant

feeding and oral health-related behaviors in 3-4-year-old Bra-
zilian children. Community Dent Oral Epidemiol. 2000;28:
241-248

. Sayegh A, Dini EL, Holt RD, Bedi R. Oral health sociodemo-

graphic factors, dietary and oral hygiene practices in Jordanian
children. J Dent. 2005;33:379-388

. Al-Dashti AA, Williams SA, Curzon ME. Breast feeding, bottle

feeding and dental caries in Kuwait, a country with low-
fluoride levels in the water supply. Community Dent Health.
1995;12:42-47

. Bowen WH, Lawrence RA. Comparison of the cariogenicity of

cola, honey, cow milk, human milk, and sucrose. Pediatrics.
2005;116:921-926

. Centers for Disease Control and Prevention, National Center

for Health Statistics. National Health and Nutrition Examination
Survey Data. Hyattsville, MD: US Department of Health and
Human Services, Centers for Disease Control and Prevention;
1999-2002. Available at: www.cdc.gov/nchs/about/major/
nhanes/datalink.htm. Accessed August 7, 2007

. Labbok M, Krasovec K. Toward consistency in breastfeeding

definitions. Stud Fam Plann. 1990;21:226-230

Drury TF, Winn DM, Snowden CB, Kingman A, Kleinman DV,
Lewis B. An overview of the oral health component of the
1988-1991 National Health and Nutrition Examination Survey
(NHANES MI-Phase 1). J Dent Res. 1996;75:620—630
American Academy of Pediatric Dentistry. Definition of early
childhood caries (ECC). Pediatr Dent. 2005;27:13

Lawrence RA, Lawrence RM. Breastfeeding: A Guide for the Med-
ical Profession. 6th ed. Philadelphia, PA: Elsevier Mosby; 2005
US Department of Health and Human Services. Oral Health in
America: A Report of the Surgeon General. Rockville, MD: US
Department of Health and Human Services, National Institute
of Dental and Craniofacial Research, National Institutes of
Health; 2000

Seow WK. Effects of preterm birth on oral growth and devel-
opment. Aust Dent J. 1997;42:85-91

Li Y, Navia JM, Bian JY. Caries experience in deciduous den-
tition of rural Chinese children 3-5 years old in relation to the

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

presence or absence of enamel hypoplasia. Caries Res. 1996;30:
8-15

Dye BA, Shenkin JD, Ogden CL, Marshall TA, Levy SM, Kanel-
lis MJ. The relationship between healthful eating practices and
dental caries in children aged 2-5 years in the United States,
1988-1994. J Am Dent Assoc. 2004;135:55-66

Williams SA, Kwan SYL, Parsons S. Parental smoking practices
and caries experience in pre-school children. Caries Res. 2000;
34:117-122

Shah BV, Barnwell BG, Bieler GS. SUDAAN User’s Manual:
Software for Analysis of Correlated Data. Release 6.40. Research
Triangle Park, NC: Research Triangle Institute; 1995

National Center for Health Statistics, Centers for Disease Con-
trol and Prevention. Analytic and Reporting Guidelines: The
National Health and Nutrition Examination Survey (NHANES).
Available at: www.cdc.gov/nchs/data/nhanes/nhanes_03_04/
nhanes_analytic_guidelines_dec_2005.pdf. Accessed August 7,
2007

Serwint JR, Mungo R, Negrete VF, Duggan AK, Korsch BM.
Child-rearing practices and nursing caries. Pediatrics. 1993;92:
233-237

Ramos-Gomez FJ, Tomar SL, Ellison, Artiga N, Sintes J, Vicuna
G. Assessment of early childhood caries and dietary habits in a
population of migrant Hispanic children in Stockton, Califor-
nia. ASDC J Dent Child. 1999;66:395-403

Rosenblatt A, Zarzar P. Breast-feeding and early childhood
caries: an assessment among Brazilian infants. Int J Pediatr Dent.
2004;14:439-445

Roberts GJ, Cleaton-Jones PE, Fatti LP et al. Patterns of breast
and bottle feeding and their association with dental caries in 1-
to 4-year-old South African children. 1. Dental caries preva-
lence and experience. Community Dent Health. 1993;10:
405-413

Windham GC, Hopkins B, Fenster L, Swan SH. Prenatal active
or passive tobacco smoke exposure and the risk of preterm
delivery or low birth weight. Epidemiology. 2000;11:427-433
Castles A, Adams EK, Melvin CL, Kelsch C, Boulton ML. Ef-
fects of smoking during pregnancy: five meta-analyses. Am J
Prev Med. 1999;16:208-215

Schoendorf KC, Kiely JL. Relationship of sudden infant death
syndrome to maternal smoking during and after pregnancy.
Pediatrics. 1992;90:905-908

Anderson ME, Johnson DC, Batal HA. Sudden infant death
syndrome and prenatal maternal smoking: rising attributed
risk in the Back to Sleep era. BMC Med. 2005;3:4

Letson GW, Rosenberg KD, Wu L. Association between smok-
ing during pregnancy and breastfeeding at about 2 weeks of
age. J Hum Lact. 2002;18:368-372

Liu J, Rosenberg KD, Sandoval AP. Breastfeeding duration and
perinatal cigarette smoking in a population-based cohort. Am J
Public Health. 2006;,96:309-314

Aligne CA, Moss ME, Auinger P, Weitzman M. Association of
pediatric dental caries with passive smoking. JAMA. 2003;289:
1258-1264

Shenkin JD, Broffitt B, Levy SM, Warren JJ. The association
between environmental tobacco smoke and primary tooth car-
ies. J Public Health Dent. 2004;64:184-186

Vargas CM, Crall JJ, Schneider DA. Sociodemographic distri-
bution of pediatric dental caries: NHANES III, 1988-1994. J Am
Dent Assoc. 1998;129:1229-1238

American Academy of Pediatric Dentistry. Policy on early
childhood caries (ECC): classifications, consequences, and pre-
ventive strategies. Pediatr Dent. 2005;27:31-33

Santos AP, Soviero VM. Caries prevalence and risk factors

PEDIATRICS Volume 120, Number 4, October 2007 e951

Downloaded from www.pediatrics.org by on November 9, 2009


http://www.pediatrics.org

35.

36.

37.

38.

€952

among children aged 0 to 36 months. Pesqui Odontol Bras.
2002;16:203-208

Weerheijm KL, Uyttendaele-Speybrouck BF, Euwe HC, Groen
HJ. Prolonged demand breast-feeding and nursing caries. Caries
Res. 1998;32:46-50

Graves RC, Abernathy JR, Disney JA, Stamm JW, Bohannan
HM. University of North Carolina caries risk assessment study
III: multiple factors in caries prevalence. J Public Health Dent.
1991;51:134-143

Vargas CM, Ronzio CR. Relationship between children’s dental
needs and dental care utilization: United States, 1988-1994.
Am J Public Health. 2002;92:1816-1821

Vargas CM, Monajemy N, Khurana P, Tinanoff N. Oral health

IIDA et al

39.

40.

41.

42.

status of preschool children attending Head Start in Maryland,
2000. Pediatr Dent. 2002;24:257-263

Jones K, Tomar SL. Estimated impact of competing policy
recommendations for age of first dental visit. Pediatrics. 2005;
115:906-914

O’Sullivan DM, Tinanoff N. Maxillary anterior caries associated
with increased caries risk in other primary teeth. J Dent Res.
1993;72:1577-1580

Ripa LW. Nursing habits and dental decay in infants: “nursing
bottle caries.” ASDC J Dent Child. 1978;45:274-275

Ruowei Li, Scanlon KS, Serdula MK. The validity and reliabil-
ity of maternal recall of breastfeeding practice. Nutr Rev. 2005;
63:103-110

Downloaded from www.pediatrics.org by on November 9, 2009


http://www.pediatrics.org

Association Between Infant Breastfeeding and Early Childhood Cariesin the

United States

Hiroko lida, Peggy Auinger, Ronald J. Billings and Michael Weitzman

Pediatrics 2007;120;e944-e952
DOl 10 1'-')42/pedq 2006-0124

Updated Information
& Services

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high-resolution figures, can be found at:
http://www.pediatrics.org/cgi/content/full/120/4/e944

This article cites 37 articles, 12 of which you can access for free

at:
http://www.pediatrics.org/cgi/content/full/120/4/e944#BIBL

This article, along with others on similar topics, appearsin the
following collection(s):

Dentistry & Otolaryngology
http://www.pediatrics.org/cgi/collection/dentistry_and_otolaryng

ology
Information about reproducing this articlein parts (figures,

tables) or in its entirety can be found online at:
http://www.pediatrics.org/misc/Permissions.shtml

Information about ordering reprints can be found online:
http://www.pediatrics.org/misc/reprints.shtml

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.pediatrics.org by on November 9, 2009



http://www.pediatrics.org/cgi/content/full/120/4/e944
http://www.pediatrics.org/cgi/content/full/120/4/e944#BIBL
http://www.pediatrics.org/cgi/collection/dentistry_and_otolaryngology
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://www.pediatrics.org

