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Abstract

Objectives: The purpose of this project was to evaluate ethnicity/race, house-
hold mcome and caregiver education level as predictors of 1) any early childhood
caries, and 2) each of four proposed patterns of primary dentition caries. Methods:
Between February 1994 and September 1995, five examiners visually examined
Arizona preschool children ages 5-59 months old. Self-reported demographic
information including family income, caregiver education level and ethnicity/race
were obtained at the time of examination. Multivariate analyses were conducted to
assess the association of income, education and ethnicity/race with a child having
any caries and with each of the proposed caries patterns seen in 3,850 examina-
tions. Results: Income and education were inversely associated with: 1) any early
childhood caries, and 2) the maxillary incisor caries pattern. A positive association
between these caries patterns and minority ethnicity/race status was also identified.
Three additional caries intraoral patterns demonstrated more varied associations
with socioeconomic status (SES), ethnicity/race and income and education.
Conclusions: This study supports the association of both ethnicity/race and social
status with any early childhood caries. The patterns of caries were each found to be
associated with specific and different socioeconomic-demographic indicators. The
practical importance of these findings is that global measurement of ECC, without
regard to specific caries pattem, leads to the potential for substantial non-differen-
tial misclassification of disease. The consequence of this is the potential for impor-
tant ECC-SES-ethnicity/race associations to be masked. This, in turn, decreases
the ability of surveys and investigations to accurately identify sub-groups of the
population at greatest risk of developing ECC.
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Introduction
The United States Surgeon General

has stated that "dental caries is the
most common chronic childhood dis-
ease" and that oral diseases represent
"what amounts to a 'silent epidemic'
affecting our most vulnerable citi-
zens—poor children"(l). Caries in
pre-school children, i.e. early child-
hood caries (ECC), has consistently
demonstrated an inverse association
with either mother's or family income
(2). ECC has also exhibited tooth sur-
face specific prevalences that differ in

White, Black, Hispanic, and Chinese
children (3). In addition, national and
regional surveys have shown that the
distributions of ECC varies by the
ethnicity and race of the population
under study (4-6).

ECC caries patterns have been pro-
posed previously (7). Such patterns
may reflect: 1) a spectrum of risk fac-
tors, 2) the effect of timing of exposiire
to risk factors, or 3) the effect of dura-
tion of exposure to these risk factors.
Unbiased and precise risk estimates
are dependent on valid and reliable

case definitions (8). Four distinct pat-
tems of ECC: 1) maxillary incisor car-
ies, 2) occlusal caries of the 1" molars,
3) pit and fissure caries of the 2"'' mo-
lars, and 4) smooth surface caries
have been reported (9).

The purpose of this project was to
evaluate ethnicity/race, household
income and caregiver's education lev-
els as predictors of 1) any early child-
hood caries ("any caries"), and 2) each
of the four proposed ECC patterns in
the primary dentition(9).

Methods
Study population. The sampled

cohort of Arizona children and the
methods of examination have been de-
scribed elsewhere (5). Five examin-
ers visually examined 5,171 Arizona
pre-school children between February
1994 and September 1995. The chil-
dren, 5-59 months old, were recruited
from Head Start programs, WIC pro-
grams, health fairs and private day
care centers. The private day care cen-
ters were localized in the Phoenix and
Tucson areas, while other recruitment
sites were located in these and 30 ad-
ditional Arizona communities from
the then six planning regions desig-
nated by the Arizona Department of
Economic Security. The communities
were stratified by population size for
selection from the Arizona plarming
regions and each of the study com-
munities had a minimum sample size
of 25 children per age, year one
through four.
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Data collection. Caregivers reported
demographic and socioeconomic
(SES) information using a self-admin-
istered questionnaire that was avail-
able in English and Spanish. The
demographic and SES variables in-
cluded the child's gender, age, and
ethnicity/race (Native American,
Black, Hispanic, White (non-His-
panic), Other), as well as household
income (< $10,000, $10-<20,000, $20-
<30,000 and >= $30,000, 1994 dollars),
and caregiver's highest education
level (no high school, some high
school, complete high school, at least
some college). Complete information
on the variables of tooth surface sta-
tus, ethnicity/race, household income
and caregiver's education was avail-
able for 3,850 subjects; this cohort was
used for the primary regression analy-
ses.

Dental caries was defined as a vi-
sual break in the enamel surface, pit
and fissure discoloration with adja-
cent opacity, evidence of marginal
ridge undermining, or anterior shad-
owing on transillumination. Paired
inter-examiner caries reliability was
good (kappa =0. 97); additional reli-
ability assessment was not con-
ducted. All tooth surfaces were clas-
sified as caries/sound, with caries
originally having been scored as de-
cayed, missing due to caries, or tilled
surfaces (dmfs).

Caries pattern determinations.
The caries data were previously ana-
lyzed by multidimensional scaling
analysis to detect any underlying data
structure, i.e. caries patterns. The
analyses suggested the following pat-
terns: 1) maxillary incisor caries,
2) occlusal caries of the 1"' molars, 3)
pit and fissure caries of the 2"*̂  mo-
lars (occlusal, mandibular facial pit
and maxillary lingual surfaces), and
4) smooth surfaces, other than maxil-
lary incisor caries. Each intraoral
pattern was scored as present or ab-
sent for each subject, i.e. a subject
could have none, one or several pat-
terns (9).

Data analysis. The Chi Square sta-
tistic was used to test for potential dif-
ferences in age (years) and gender
between the analyzed sample with

complete SES data and the subjects
missing data for ethnicity/race, edu-
cation or income. The correlation be-
tween household income and
caregiver's education was assessed
for potential multicoUinearity in the
subsequent modeling procedures, and
are presented below.

Associations of the SES variables
with the outcomes of interest, that is,
each of the proposed intraoral patterns
as well as with a child having "any
caries," were determined using logis-
tic regression. Unconditional multi-
variate logistic regression modeled
each of the patterns or "any caries"
as the dependent (dichotomous) vari-

able regressed on the independent
variables of ethnicity/race (entered as
a dummy variable), income and edu-
cation level (entered as dummy and
ordinal, scored 1-4, variables). The
models initially controlled for child's
age (years), gender, number of erupted
teeth, those caries patterns (dichoto-
mized) other than the dependent vari-
able pattern, and the interaction terms
of age (years) by income, education,
and each of the caries intraoral pat-
terns exclusive of that pattern mod-
eled as the current dependent vari-
able. Additionally, a crown restora-
tion variable (any crowns present or
not) was used to assess whether the

TABLE 1
Descriptive statistics of the primary analysis sample and subjects with

incomplete SES (ethnicity/race, education, income) data

Age (months)

Age (years)

Gender

Ethnicity/race

Education
(highest grade
of caregiver)

Income
(self-reported
household income)

Analyzed Sub-Sample*
n Mean Std. Deviation

3850

0
1
2
3
4

Total
Female
Male
Total

Missing
Total
N.A.t
Black

Hispanic
White
Other
Total

noHSJ
some HS

completed HS
some college

Total
<$10,000

$10-<20,000
$20-<30,000
>=$30,000

Total

36.5

N

293
743
715
947
1152
3850
1844
2004
3848

2
3850
196
278
1731
1538
107

3850
352
662
1375
1461
3850
1898
990
437
525

3850

15.7

%

7.6
19.3
18.6
24.6
29.9
100.0
47.9
52.1
99.9
0.1

100.0
5.1
7.2

45.0
39.9
2.8

100.0
9.1
17.2
35.7
37.9
100.0
49.3
25.7
11.4
13.6

100.0

Sample Missing SES Data
n

1,319

N

90
252
262
329
386
1319
625
693
1318

1
1319

Mean Std. Deviation

36.4 15.5

% chi-squarel

6.8 0.754
19.1
19.9
24.9
29.3
100.0
47.4 0.908
52.5
99.9
0.1

100.0

NB. Percentages may not add to 100% due to rounding
* Complete ethnicity/race, income and education data.
t NA - Native American.
t (HS) High school.
1 Chi-square probability between analyzed sample and subjects with incomplete SES data.
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presence or absence of crown restored
teeth confounded parameter esti-
mates of the SES and ethnicity/race
variables via a treatment effect. Age,
SES and race/ethnicity variables,
number of erupted teeth, caries pat-
terns and age/pattern interaction
terms were forced into the final mod-
els for all caries pattern analyses, re-
gardless of their statistical signifi-
cance.

In order to assess the possible in-
fluence of the missing data for the full
population, tbe independent vari-
ables in tbe final model were reana-
lyzed utilizing imputed household
income and caregiver education lev-
els for subjects missing these data. To
accomplish a degree of homogeneity
for income and education within eacb
of tbe recruitment site types was as-
sumed.

Subjects witbout income or educa-
tion data were assigned tbe rounded
(up) grouped median for their recruit-
ment site type. Tbis resulted in an
income level 3 ($20-<30,000) assigna-
tion for subjects recrtiited from private
day care centers, and a level 2 ($10-
<20,000) for all others. For education,
subjects recruited from private day
care centers were assigned a level 4
(at least some college) for education,
and all others a level 3 (completed
high school).

Additional models were con-
structed to analyze each ECC pattern,
valued as present or absent only if at
least one of tbe caries patterns' defin-
ing teetb were erupted, otherwise be-
ing scored as missing data. These
models were limited to 2,674 cases
witb complete data. Tbe excluded
cases (due to missing data i.e. no
erupted eligible teetb) included sub-
stantial numbers of primarily maxil-
lary incisor pattern cases (50% of all
such cases). Smooth surface and I*''
molar patterns were additionally im-
pacted, missing 28% and 47% respec-
tively of tbeir cases. Tbis loss of cases
was a function of: 1) tbe age range,
i.e., the later erupting 2"'' molars be-
ing present at only older ages, and 2)
the models employed, i.e. forcing aU
patterns as dependent or indepen-
dent variables.

Results
Demographics of the analyzed

sample are presented in Table 1.
Eighty-five percent of the analyzed
sample were White (non-Hispanic)
or Hispanic. Over 73% of tbe
caregivers had completed high school
or some college and 75% of tbe house-
holds had reported incomes of less
than $20,000. Comparing the ana-
lyzed sample having complete SES
data with those children missing data
on ethnicity/race, education or in-
come, neither age or gender distribu-
tions were statistically different. The
mean age and standard deviations of
botb tbese groups were essentially
identical (Table 1).

The Spearman rank correlation
between income and education was
r=0.406 (p<0.001) before and 0.405
(p<0.001) after controlling for child's
age (years). Although significant, the
limited correlation of 0.4 supported
retaining both income and education
in the regression models. Subsequent
analyses demonstrated that the re-

maining SES parameter estimate
(household income or caregiver's edu-
cation) had no meaningful change
when either education or income, re-
spectively were removed from the lo-
gistic regression models.

The results of the final logistic re-
gression models are presented in
Table 2 for the "any caries" outcome
and Table 3 for each of tbe four caries
patterns. Gender and the interaction
terms for age (year) by income and by
education were not statistically sig-
nificant and dropped from the mod-
els. No model demonstrated a statis-
tically significant change in deviance
when income and education were
modeled as dummy variables com-
pared to the models with tbese vari-
ables treated as ordinal values, i.e.
there was no deviation from linear-
ity. The final model treated these two
variables as ordinal measures. The
presence or absence of crowned teeth
did not alter the results in terms of
statistical significance or confound (a
10% or greater change in beta esti-

TABLE 2
Logistic regression adjusted* odds ratios and 95% confidence intervals

for any childhood caries as a function of demographic
variables among Arizona pre-school children

Any caries

Age (year 1-4)
Incomet

< $10,000 TI
$10,000-<$20,000
$20,000-<$30,000
>$30,000

Education:!:
no high schooll
some high school
completed high school
some college

Number of erupted teeth
Ethnicity/race

Whitel
Native American
Black
Hispanic
Other

Adjusted OR*

1.67
test for trend p=0.0009

1
0.91
0.56
0.50

test for trend p=0.0009
1

0.87
0.77
0.61
1.24

1
3.57
1.41
1.87
1.94

Adjusted 95% CI*

1.50-1.86

0.75-1.10
0.42-0.76
0.37-0.69

0.64-1.18
0.58-1.02
0.45-0.82
1.17-1.31

2.50-5.09
1.02-1.96
1.53-2.28
1.19-3.18

*Each variable is adjusted for alf of the other variables in the table.
tCaregiver's self-reported household income (< $10,000, $10,000-<$20,000, $20,000-
<$30,000 and > $30,000)
ICaregiver's self-reported highest education level (no high school, some high school, com-
pleted high school, at least some college)
1 Referent group
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TABLE 3
Logistic regression adjusted"̂  odds ratios and 95% confidence intervals for four hypothesized

caries intraoral pattems as a function of demographic variables
among Arizona pre-school children

Maxillary Incisor Caries

Age (year 1-4)
Incomet test

< $10,0001
$10,000-<$20,000
$20,000-<$30,000

>$30,000
Education^: test

no high school!
some high school

completed high school
some college

Number of erupted teeth
Ethnicity/race

White!
Native American

Black
Hispanic

Other
1st Molar Occlusal Surface
Age (year 1-4)
Incomet test

< $10,000!
$10,000-<$20,000
$20,000-<$30,000

> $30,000
Education:}: test

no high school!
some high school

completed high school
some college

Number of erupted teeth
Ethnicity/race

White!
Native American

Black
Hispanic

Other

Adjusted OR* Adjusted 95% CI*

0,96s
for trend p=0.009

1
0,87
0,49
0.37

for trend p=0,023
1

0,94
0,77
0,69
1,2

1
3,23
1,92
2,14
1,51-

1,11
for trend p=0,015

1
0,83
0,85
0,58

for trend p=0,236
1

1,74
1,58
1,56
1,26

1
1,58
1,14
1,42
1,43

0,80-1,14

0.67-1,11
0,31-0,77
0,22-0,63

0,65-1,36
0,54-1,09
0,47-1,01
1,13-1,29

2,06-5,06
1,23-2,99
1,61-2,84
0,75-3.04

0,89-1,39

0.62-1,11
0,55-1,34
0,35-0,95

1,10-2,75
1,03-2,41
0,99-2,45
1,14-1,4

0,94-2,66
0,69-1,89
1,05-1,92
0,69-2,95

Smooth Surface Caries

Age (year 1-4)
Incomet tesi

< $10,000!
$10,000-<$20,000
$20,000-<$30,000

> $30,000
Education:!: test

no high school!
some high school

completed high school
some college

Number of erupted teeth
Ethnicity/race

White!
Native American

Black
Hispanic

Other
2nd Molar Pit & Fissure
Age (year 1-4)
Incomet test

< $10,000!
$10,000-<$20,000
$20,000-<$30,000

> $30,000
Education:): test

no high school!
some high school

completed high school
some college

Number of erupted teeth
Ethnidty/race

White!
Native American

Black
Hispanic

Other

Adjusted OR* Adjusted 95% CI*

2,48
t for trend p=0,99

1
1,23
0,94
0,89

for trend p=0.009
1

0,59
0,56
0,48
1,01

1
0,95
0.53
0,62
1,03

1.83
for trend p=0,340

1
0,97
0,75
0.88

for trend p=0,104
1

0.81
0.79
0,69
3,08

1
2,36
1,47
1.33
1,02

1,70-3,61

0,88-1,71
0,54-1,63
0.50-1,58

0,35-0,98
0,35-0,88
0,29-0,79
0,89-1,16

0,54-1,69
0,29-0,97
0,43-0,89
0,45-2,32

1,46-2,28

0,73-1,28
0,48-1.17
0.56-1,36

0,52-1,26
0.53-1.18
0,45-1,06
1,64-5,77

1,42-3,93
0,93-2,31
1,00-1,78
0,5-2,1

• Each variable is adjusted for all of the other variables in the table, caries pattems other than the dependent variable, and age-
pattern interactions,
t Caregiver's self-reported household income (< $10,000, $10,000-<$20,000, $20,000-<$30,000 and >$30,000)
t Caregiver's self-reported highest education level (no high school, some high school, completed high school, at least some
college)
! Referent group

mates) the risk estimates for ethnicity/
race, income or education, and was
not retained as a variable in the final
models.

The risk of any childhood caries
decreased as household income and
caregiver education level increased,
but the odds ratio is not large (Table
2). Compared to White children, all
non-White children were at a statisti-
cally significant increased risk for any

caries (odds ratios range from 1,4 to
3.6), after controlling for income and
education levels. As would be ex-
pected, age and the number of erupted
teeth were statistically significant and
were modeled in aU subsequent regres-
sion analyses.

Income, education and ethnicity/
race results for the any caries pattern
were duplicated by the maxillary in-
cisor pattern with the sole exception

of "Other" ethnicity/race, for which
the risk was not statistically different
from White (non-Hispanic) children
(Table 3). Table 3 also shows that the
other caries pattem types differed in
terms of specific SES risk factors. Ob-
served associations for the pattern of
occlusal caries of the 1̂ ' molars were
limited to decreased risk associated
with factors of income (OR=0.58), and
increased risk associated with His-
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TABLE 4
Caries prevalence, stratified by caries intraoral pattem case definition, for

N=3,850 subjects with complete ethnicity/race, household income and
caregiver's education data (i.e., subjects included in primary analysis)

compared with subjects with missing data (N=l,319), among
Arizona pre-school children

Caries pattem

Any caries
Maxillary incisor
Smooth surface
1st molar occlusal
2nd molar pit & fissure:]:

Subjects
Analyzed (3,850),*
n (%) with pattem

1060 (28%)
579 (15%)
434 (11%)
590 (15%)
621 (16%)

Subjects missing
data (l,319),t

n (%) with pattem
415 (31%)
228 (17%)
161 (12%)
217 (16%)
237 (18%)

Chi square
p-value
0,006
0,052
0,359
0,33
0,12

* Subjects analyzed in primary analyses.
t Subjects excluded from primary analysis due to incomplete ethnicity/race,
income and education level data,
X i.e. occlusal, maxillary lingual surface, and mandibular facial surfaces

panic ethnicity (OR=1.42), with a non-
significant but positive risk associa-
tion for Native American children
(OR=1.58, CI=0.94 ,2.66), Observed
associations for the 2"'' molar pit and
fissure caries pattern indicate an in-
creased risk for Native American chil-
dren (OR=2.36). Observed associa-
tions for the smooth surface pattern
demonstrated decreasing risk as
caregiver education increased
(OR=0.82), and decreased risk in
Blacks and Hispanics (OR's= 0.53
and 0.62, respectively) relative to
White children.

As shown in Table 4, the analyzed

sample reflects the outcome distribu-
tions observed among children with
missing income data. Although there
were no practical differences in pro-
portions between the two groups, the
prevalence of "any caries" was sta-
tistically significant, and the differ-
ence in the prevalence of the incisor
pattern approached statistical signifi-
cance. Utilizing the imputed house-
hold income and caregiver's educa-
tion levels in replicate analyses pro-
duced virtually identical results to the
primary analyses. However, the as-
sociation between Hispanic ethnicity
and the 2"'' molar pattern was mar-

TABLE 5
Ethnicity/race, household income and caregiver's education level associations
with "any caries", maxillary incisor pattem, smooth surface pattem, 1*' molar

occlusal pattem, and 2"'' molar pit and fissure pattem among Arizona pre-school
children, as determined by logistic regression analysis*

SES factor
Household incomet
Caregiver's education:):
Native American!
Black!
Hispanic!
Other!

Any
caries

-
-
+
+
+
+

Maxillary
incisor

-

ns
+
+
+
ns

Smooth
surface

ns
-

ns
-
-

ns

1st molar
occlusal

-
ns

ns
+
ns

2nd molar
pit & fissure

ns

ns
+

+ns
ns

+ = Statistically significant positive association (p<0,05),
- = Statistically significant negative (protective) association (p<0,05).
+ = Suggestive but not statistically significant positive association
-^^ _ Suggestive but not statistically significant negative association
ns = Non-statistically significant with little to no association suggested

* adjusting for age (years), other caries patterns, and age-pattern interactions,
t Caregiver's self-reported household income (referent:<$10,000),
:j: Caregiver's self-reported highest education level (referent: no high school),
! Compared to White children.

ginally stronger (OR= 1.42) and sta-
tistically significant (p=0.007).
- The revised caries pattern assign-

ment, i.e. a subject's data were "miss-
ing" for any pattern not having eli-
gible teeth erupted (n=2,674), likewise
produced identical results to the pri-
mary analyses. The sole exception for
these replicate analyses was that be-
ing Black was no longer associated
(negatively in the primary analysis)
with the smooth caries pattern.

Summary and Discussion
The findings of this study are gen-

erally consistent with the findings of
others, which have reported an in-
creased risk for primary dentition car-
ies associated with lower socio-eco-
nomic status, as well as differenfial
risk associated with race/ethnicity (1-
3,5,11).

The incisor caries pattern most
closely resembled the case definition
of "any caries" in terms of SES and
ethnicity/race risk factors (Table 2,3
& 5). Estimates for both household
income and caregiver's education
suggested an inverse associafion with
"any caries," but size of the OR is
small and several are unstable. Mi-
nority groups were at increased risk
relative to Whites.

Low income and Hispanic
ethnicity were statistically significant
risk factors for first molar occlusal
surfaces caries, controlling for the
presence of other caries patterns
(Table 3). This finding was also noted
previously in a Hartford Connecficut
study of primarily Puerto Rican His-
panics (3). The association of income
or education levels with 2"'' molar pit
and fissure caries, while suggestive,
was not stafistically significant; and
Nafive Americans children and pos-
sibly Hispanics children, may be at
increased risk for the 2"'' molar pat-
tem.

Smooth surface caries, often asso-
ciated with extensive tooth involve-
ment, (12) was inversely associated
with the level of caregiver education.
Interestingly, both Blacks and His-
panics appeared less at risk than
other ethnicity/race groups for this
intraoral pattern after controlling for
the presence of other caries patterns.
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and the association remained un-
changed with the inclusion of
crowned teeth as a variable in the
model, which if differenfially distrib-
uted, would create an artificial in-
crease in apparent smooth surface
caries. Further studies will be needed
to clarify the underlying reasons for
this finding, including culturally spe-
cific health pracfice and their relafion-
ship to ECC.

The strengths of this study were
the large sample size, caries preva-
lence (27.5% of the analyzed sample)
and SES diversity. The modeling
used for this project was an addifional
strength. Specifically, two potential
problems were addressed. First, the
fact that caries pattems are not neces-
sarily independent from one another
was taken into consideration by in-
corporating those patterns that were
not the outcome of immediate interest
into the model. Secondly, because
each of the caries patterns is age de-
pendent, the eruption age distribu-
fions result in pattern probability dif-
ferences that vary by age. The models
used in this project attempted to ad-
just for these two concerns by intro-
ducing three controlling variables.
The number of teeth present is refiec-
tive of the potential to have specific
caries patterns, as was age. There-
fore, both of these two variables were
modeled to incorporate a potenfial lag
period expected between tooth erup-
tion, risk exposure, and the diagno-
sis of caries. Additionally, a third set
of controlling variables forced into the
models were age by pattern interac-
fion terms.

An additional strength was the
inclusion of two secondary analyses.
The presence or absence of a given
caries pattern was reclassified as
present, absent, or missing due to no
eligible erupted teeth, and imputed
income and educafion values for those
cases missing such data were mod-
eled. Each replicate secondary ana-
lytic approach duplicated the pri-
mary analyses results for all but one
variable in one model.

Several limitations should be con-
sidered. The study was cross-sec-
tional. One result of this is that un-
treated lesions may have progressed

to involve multiple surfaces that
would not be observed if treated at an
earlier stage. Further, posterior proxi-
mal caries were clinically and not ra-
diographically diagnosed, likely lead-
ing to an underestimate of proximal
surface caries, classified in the smooth
surface pattern. This underestimate
would be significant only if there was
a differential detecfion of smooth/
proximal lesions between ethnicity/
race groups, income, or education lev-
els, or if underestimation caused a
decreased power to detect a difference,
Addifionally, treatment, specifically
crowns and occlusal-proximal resto-
rations, may incorporate non-carious
as well as carious surfaces, leading to
some pattern misclassification.

Differential dental treatment re-
lated to the SES factors considered in
this study would have infiuenced the
results. This would result in an over-
estimation for the group(s) having
higher treatment rates by the poten-
tial misclassification of non-carious
as carious for posterior smooth sur-
faces. US data have revealed differ-
ential treatment associated with so-
cial-economic status and ethnicity/
race (13,14). However, the children
whose data were analyzed in this
study had little treatment regardless
of SES or ethnicity/race (5). Three-
way ANOVA, ufilizing Tukey's mul-
tiple comparison procedure, failed to
demonstrate a statistically significant
difference in the individual decayed
surfaces/dmfs rafio values associated
with income or educafion (15). Nota-
bly, the results were not affected when
the analysis controlled for the pres-
ence or absence of crown restorations.

The high kappa (0,97) for caries
prevalence refiects general broad ex-
aminer diagnostic agreement and may
not refiect specific agreement when
applied to caries patterns, thus some
degree of misclassification may have
resulted. Fluoride exposure data were
not available. The inability to include
this important exposure in the analy-
ses reinforces the need for caution in
the interpretation of these findings.
The data regarding ethnicity/race,
household income and caregiver's
educafion were obtained using a self-
administered questionnaire, and this

resulted in incomplete data for some
subjects. Income is a parficularly sen-
sifive subject (16), and this was likely
exacerbated by the fact that subject
recruitment sites included WIC and
Head Start programs with income eli-
gibility criteria. This categorization,
while conducive to more accurate
data at generalized levels(16), causes
some loss of measurement precision
in the analyses, as well as a degree of
misrepresentation, if not mis-classifi-
cation.

Household income and care-
giver's educafion levels may addifion-
ally be misclassified relative to caries
initiation due to the cross-sectional
study design employed. A caregiver's
relative current income and educa-
fion level may not be the same as they
were at the time of a particular caries
pattern initiation. This issue would
apply primarily to the later age-years
of children, and be parficularly im-
portant if there is a lack of indepen-
dence between patterns, i.e., an ear-
lier pattern being a risk factor for a
later pattem. Addifionally, educafion
levels are refiective of the caregiver
and not of the household, which may
include a differently educated adult.
The potenfial misclassifications and
loss of measurement precision for in-
come and education may have re-
sulted in residual confounding; being
refiected in the ethnicity/race param-
eter estimates, but would likely lead
to an underestimate, not an overesfi-
mate, of the effect of income and edu-
cation themselves.

The findings of this study suggest
that while the ECC seen in young chil-
dren occurs in specific patterns,
household income and caregiver edu-
cation are not universally associated
with all of these ECC pattems. While
some ECC pattems maybe associated
with both of these socioeconomic in-
dicators, other patterns were associ-
ated only with one or neither of these
indicators, and differences in pattems
were differenfially associated by race-
ethnicity. The practical importance
of these findings is that global mea-
surement of ECC, without regard to
specific caries pattern, looks to invite
the potential for substanfial non-dif-
ferenfial misclassification of disease
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(i.e., mixing apples and oranges so to
speak). The consequence of this is the
very real potential for important ECC-
socioeconomic-ethnicity/race asso-
ciations to be masked. This, in turn,
decreases the ability of surveys and
investigations to accurately identify
sub-groups of the population at great-
est risk of developing ECC. These
findings may therefore be helpful to
public health planners wishing to be
certain that vulnerable population
subgroups at highest risk for ECC are
not overlooked.

Source of Support
NIH NIDCR NRSA #T32-

DE07255

Acknowledgements
The authors wish to acknowledge

the generosity of Norman Tinanof f in
the provision of the data set used in
this study; his and Joanna Douglass'
encouragement; and the work of their
co-investigators, Julie Tang, Donald
Altman, Don Robertson and David
O'SuUivan.

References
1. "Oral Health in America: A Report of

the Surgeon General". http://www.
nidcr.nih.gov/sgr/oralhealth.htm.
2000.

2. Reisine S, Psoter WJ. Socioeconomic and
Selected Behavioral Determinants as
Risk Factors for Dental Caries. J Dent
Educ 2001;65:1009-1016.

3. Douglass JM, Zhang WY, Tinanoff N.
Dental caries in preschool Beijing and
Connecticut children as described by a
new caries analysis system. Commu-
nity Dent Oral Epidemiol 1994;22:94-
99.

4. Shiboski CH, Gansky SA, Ramos-
Gomez F, Ngo L, Isman R, PoUick HF.
The association of early childhood car-
ies and race/ethnicity among Califor-
nia preschool children. J Public Health
Dent. 2003;63:38-46.

5. Tang JMW, Altman DS, Robertson DC,
O'Sullivan DM, Douglass JM, Tinanoff
N. Dental caries prevalence and treat-
ment levels in Arizona preschool chil-
dren. Public Health Rep 1997;112:319-
329.

6. Vargas CM, Crall JJ, Schneider DA.
Sociodemographic distribution of pe-
diatric dental caries: NHANES III,
1988-1994. J Am Dent Assoc.
1998;129:1229-1238.

7. Psoter WJ, Pendrys DG, Morse DE,
Zhang H, Mayne ST. Historical evolu-
tion of primary dentition caries pattern
definitions. Pediatr Dent 2004;26:508-
511.

8. Rothman KJ, Greenland S. Modern Epi-
demiology. 2nd ed. Phil.: Lippincott-
Raven Publishers, 1998.

9. Psoter WJ, Zhang H, Pendrys DG,
Morse DE, Mayne ST. Classification of
dental caries patterns in the primary
dentition: a multidimensional scaling
analysis. Community Dent Oral
Epidemiol. 2003;31:231-238.

10. Hosmer DW, Lemeshow S. Applied Lo-
gistic Regression. N.Y.: John Wiley &
Sons, 1989.

11. Oral Health: Dental Disease is a Chronic
Problem Among Low-Income Popula-
tions. GAO/HEHS-00-72. Washington:
General Accounting Office, 2000.

12. Drury TF, Horowitz AM, Ismail Al,
Maertens MP, Selwitz RH. Diagnosing
and reporting early childhood caries for
research purposes. J Public Health Dent
1999;59:192-200.

13. Brown LJ, Wall TP, Lazar V. Trends in
untreated caries in primary teeth of chil-
dren 2 to 10 years old. JADA
2000;131:93-100.

14. Brown LJ, Wall T, Lazar V. Trends in
total caries experience: permanent and
primary teeth. JADA 2000;131:223-
231.

15. Glantz S. Primer of Biostatistics. 5th
ed. New York: McGraw-Hill, 2002.

16. Armstrong BK, White E, Saracci R. Prin-
cipals of exposure measurements in
epidemiology. Oxford: Oxford Univer-
sity Press, 1994.

Michigan-Director of Community Health and Outreach Programs

The University of Detroit Mercy School of Dentistry invites applications for the position of Director
of Community and Outreach Programs. This full-time clinical track position includes a faculty
appointment at the assistant/associate professor level in the Department of Patient Management.
Responsibilities include management of community based and outreach dental programs including
program evaluation, grant writing, and outcomes assessment. Additional responsibilities include
service as the community representative for the School of Dentistry, community dentistry curriculum
development, didactic and clinical teaching, and elective courses. Preference will be given to
applicants with DDS/MPH/Dental public health training or equivalent and 3-5 years of experience.
Intramural practice opportunity available. Candidate should be eligible for Michigan licensure. Please
submit a letter of interest and curriculum vitae with three references to Search Chairperson Dr. Gail
Molinari, Department of Pediatric Dentistry, 8200 W. Outer Drive,(MB 125) Detroit, Michigan
48219-3580. The University of Detroit Mercy is independent and Catholic with Jesuit and Mercy co-
sponsors. The University emphasizes academic excellence, ethics, personal attention to students
and the University Mission and Core Values. We have a culturally diverse faculty and student
body, and welcome persons of all races and backgrounds.

REV: 10.14.05






