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Background. Recent reports have suggested that

dental caries among some young children is

increasing in the United States.

Aim. To describe changes in paediatric caries prev-

alence by poverty status in the United States.

Design. National Health and Nutrition Examina-

tion Survey (NHANES) data for children aged

2–11 years for 1988–1994 and 1999–2004 were

used.

Results. Caries in the primary dentition increased

among poor and non-poor boys aged 2–8 years

(45–53% and 23–31%, respectively) and among

non-poor boys aged 2–5 years (13–21%) from

1988–1994 to 1999–2004. Caries experience also

increased on buccal-lingual, mesio-distal, and

occlusal primary dental surfaces among poor chil-

dren aged 2–8 years and this increase may be

attributed to an increase in the number of dental

surfaces restored. In the mixed dentition, caries

remains relatively unchanged. Caries continues to

decline in the permanent dentition for many chil-

dren, but is increasing among poor non-Hispanic

whites aged 6–8 years (8–22%) and poor Mexi-

can-Americans aged 9–11 years (38–55%).

Conclusions. For many older children, caries con-

tinues to decline or remain unchanged. Neverthe-

less, for a subgroup of younger children, caries is

increasing and this increase is impacting some tra-

ditionally low-risk groups of children.

Introduction

Although the Surgeon General’s Report on

Oral Health described important improvements

in dental caries prevalence over the past

50 years, significant disparities have persisted

between key socio-demographic groups,

including between those who live in poverty

and those who do not1. Dental caries continues

to be the most common chronic disease of

childhood in the United States. Asthma, a com-

mon chronic medical condition in US children,

affected 6% of children aged 0–4 years and

10% of children aged 11–17 years in 2003–

20052. During 1999–2004, the prevalence of

dental caries was 24% for children aged 2–

4 years and 51% for 12–15 year-olds3.

Since the 1960s, information from national

health examination surveys has been used to

demonstrate a decline in dental caries among

children in the United States. Nevertheless,

recent findings have suggested that the

decline in dental caries has not been consis-

tent among all children. For instance, a

comparison between the third National

Health and Nutrition Examination Survey

(NHANES), 1988–1994 and NHANES 1999–

2004 showed that dental caries prevalence

increased in the primary dentition from 24

to 28% among 2–5 year-olds, remained

unchanged in the mixed dentition among

6–8 year-olds (52–53%), and decreased in the

permanent dentition from 57 to 51% among

12–15 year-olds3. Nevertheless, this report did

not assess changes in caries prevalence among

children by poverty status.

The increase in caries prevalence among

preschool children is particularly disturbing as

one of the best predictors for future tooth

decay is the presence of current caries or evi-

dence of past caries in the form of existing

restorations4–6. Understanding dental caries

trends within youth socio-demographic

Correspondence to:

Bruce Dye, DDS, MPH, CDC ⁄ NCHS ⁄ NHANES Programme,

3311 Toledo Road, Room 4416, Hyattsville, MD 20782,

USA. E-mail: bfd1@cdc.gov

Journal compilation � 2010 BSPD, IAPD and Blackwell Publishing Ltd.

132 No claim to original US government works

DOI: 10.1111/j.1365-263X.2009.01029.x



groups is an important first step towards

identifying key factors that are promoting

early childhood caries in the US. An earlier

systematic review of the literature concluded

that there was a consistent inverse relation-

ship between dental caries prevalence and

socio-economic status (SES), where children

in families of low SES have a higher preva-

lence of dental caries compared with children

in families of high SES, especially for children

younger than 12 years7.

The association between oral health status

and poverty has recently been raised as an

important topic for further discussion and

study8. Because poverty is an important factor

affecting caries disparity in the US, the main

aim of this report is to describe dental caries

trends by poverty status for children. This

study is the first that documents trends in

paediatric caries by poverty status for children

comparing nationally representative data col-

lected from 1988–1994 and 1999–2004.

Changes in dental caries experience,

untreated dental caries and dental caries

severity are presented and discussed.

Methods

Data source

Data from NHANES III, which was conducted

during 1988–1994, and from NHANES 1999–

2004, were used for this study. Both survey

periods used a stratified, multistage sampling

design to obtain a representative probability

sample of the civilian, noninstitutionalized

population of the United States. Data for both

surveys were collected via in-home inter-

views with health examinations and labora-

tory tests conducted in mobile examination

centres (MEC). The home interviews included

an extensive questionnaire that assessed a

variety of socio-demographic characteristics

and numerous health issues, including oral

health.

Oral health examinations in both surveys

followed essentially the same protocol for

topic areas common to both survey periods.

Survey participants aged 2 years and older

were examined by a trained dentist in the

MEC. The dental exam was conducted under

artificial light with a nonmagnifying mirror

and a dental explorer; dental surfaces were

dried with compressed air as needed. Assess-

ments for dental caries and restorations were

made at the tooth surface level and con-

formed to Radike’s criteria with minor modi-

fications. In brief, a dental surface was

considered carious if an untreated cavitated

lesion was detected. Additional information

on survey sample design, informed consent,

or on the NHANES dental examination proto-

cols are available elsewhere9–12.

Study population

For this study, we used information on

13,168 children aged 2–11 years who partici-

pated in either NHANES III or NHANES

1999–2004. Participants were required to

have information on poverty and to have

completed an oral health exam to be included

in the analytical sample. There were 14,406

children who completed a home question-

naire during the NHANES surveys and among

these children, 13,168 completed an oral

health exam. Data from 7572 children partici-

pating in NHANES III and from 5596 children

participating in NHANES 1999–2004 were

used in the analyses for this report. Selected

sample sizes are presented in the Appendix.

Variables

Dental caries status was analysed as

untreated caries, caries experience which

included untreated caries and filled teeth,

and severe caries defined as the presence of

three or more teeth with carious lesions. In

addition, caries experience also was analysed

using the dfs ⁄DFS index where ‘d ⁄D’ repre-

sents the number of diseased primary ⁄perma-

nent tooth surfaces and ‘f ⁄F’ represents the

number of filled (restored) primary ⁄ perma-

nent tooth surfaces. Information from buc-

cal-lingual, mesio-distal, and occlusal dental

surfaces was used. Dental caries status is pre-

sented for the primary, mixed, and perma-

nent dentitions.

Basic demographic variables included age,

gender, and race ⁄ ethnicity. Age was collected

in single years and categorized in groups
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following the children’s dentition status: pri-

mary dentition from 2 to 8 years of age (2–5

and 6–8 year olds), mixed dentition from 6 to

11 years of age (6–8 and 9–11 year olds), and

permanent dentition from 6 to 11 years of

age (6–8 and 9–11 year olds). Race ⁄ethnicity

was categorized as non-Hispanic white, non-

Hispanic black, and Mexican-American.

Poverty level was used as the indicator of

SES. Poverty level is defined by the ratio of

family income to the Federal Poverty Level

(FPL), which is a threshold of family income

that varies by family size and calendar year.

For example, in 2004 the poverty threshold

for a family of four was $19,223. This means

that a 2004 survey participant with this fam-

ily income and this family size was classified

to be at 100% of the poverty level. For con-

sistency, poverty was defined as poor (0–99%

FPL), near-poor (100–199% FPL), and non-

poor (200% FPL and higher) following previ-

ously published reports3,13.

Data analysis

The analytical approach used in this report

was comparable to methods used in a previ-

ously published report on oral health trends

in the US3. Estimates were age adjusted

using single years of age to the 2000 US

population to account for changes in popula-

tion distribution between the two periods of

data collection. Estimates with a relative

standard error greater than 30% were con-

sidered data statistically unreliable (DSU)

and nonreportable. Statistical analyses

included bivariate distributions; differences

between groups were established with dou-

ble tailed t-tests at the 0.05 alpha level. Tests

were conducted without adjustment for

other socio-demographic factors, except for

age adjustment as previously described. All

estimates included the sample weights pro-

vided in the datasets to obtain national rep-

resentation by accounting for over-sampling

and nonresponse. Standard errors were cal-

culated using SUDAAN (version 9.0: Research

Triangle Institute, Research Triangle Park,

NC, USA), a statistical package that takes

into consideration the surveys’ complex sam-

ple design.

Results

Table 1 presents dental caries trends in the

primary dentition for children aged 2–8 years

stratified by poverty status. Although the

overall prevalence of dental caries experience

did not significantly change between 1988–

1994 and 1999–2004 (35 vs 38%), for poor

children, dental caries experience significantly

increased from 46 to 52% during the same

period. Caries experience significantly

increased for all boys aged 2–8 years (33 vs

41%), but remained unchanged for similarly

aged girls during the same period (36%).

Among the boys, caries experience signifi-

cantly increased for the poor (45 vs 53%) and

for the non-poor (23 vs 31%). Although the

prevalence of caries experience was higher

for poor and non-poor boys when stratified

by age (2–5 and 6–8 years) during 1999–2004

compared with 1988–1994, the difference

only reached statistical significance among

non-poor boys aged 2–5 years (13 vs 21%).

Untreated dental caries remained statisti-

cally unchanged for children aged 2–8 years

between 1988–1994 and 1999–2004 (22 vs

24%). Although the prevalence of untreated

caries did not significantly increase for all

boys, it did significantly increase for non-poor

boys (10 vs 17%). A significant increase in

untreated caries also was observed for non-

poor boys aged 2–5 years (8 vs 14%) and

those aged 6–8 years (13 vs 21%). For all girls

aged 2–8 years, untreated caries remained

unchanged and no significant changes were

observed by age and poverty. Although the

overall prevalence of untreated caries

remained nearly unchanged among non-His-

panic white children aged 2–8 years (17 vs

20%), a significant increase in untreated dis-

ease was observed for non-Hispanic white

children who were non-poor and 2–5 years

old (8 vs 12%).

The third part of Table 1 shows that the

prevalence of severe untreated dental caries

remained unchanged between 1988–1994

and 1999–2004 (10%) for children aged

2–8 years. For non-poor children aged

6–8 years, however, severe disease signifi-

cantly increased from 4 to 7% during the

same period. This increase was observed for

134 B. A. Dye, O. Arevalo & C. M. Vargas

Journal compilation � 2010 BSPD, IAPD and Blackwell Publishing Ltd.

No claim to original US government works



T
a
b

le
1
.

T
re

n
d

s
fo

r
d

e
n

ta
l

ca
ri

e
s

in
th

e
p

ri
m

a
ry

d
e
n

ti
ti

o
n

fo
r

ch
il

d
re

n
a
g

e
2
–8

y
e
a
rs

b
y

p
o

v
e
rt

y
st

a
tu

s,
N

H
A

N
E
S

1
9
8
8
–1

9
9
4

a
n

d
N

H
A

N
E
S

1
9
9
9
–2

0
0
4
.

C
a
te

g
o

ry

P
o

v
e
rt

y

T
o

ta
l

M
a
le

s
Fe

m
a
le

s
M

e
x
ic

a
n

-A
m

e
ri

ca
n

N
o

n
-H

is
p

a
n

ic
B

la
ck

N
o

n
-H

is
p

a
n

ic
W

h
it

e

1
9
8
8
–

1
9
9
4

1
9
9
9
–

2
0
0
4

1
9
8
8
–

1
9
9
4

1
9
9
9
–

2
0
0
4

1
9
8
8
–

1
9
9
4

1
9
9
9
–

2
0
0
4

1
9
8
8
–

1
9
9
4

1
9
9
9
–

2
0
0
4

1
9
8
8
–

1
9
9
4

1
9
9
9
–

2
0
0
4

1
9
8
8
–

1
9
9
4

1
9
9
9
–2

0
0
4

S
ta

tu
s

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

%
S
E

C
ar

ie
s

ex
p
er

ie
n
ce

2
–5

ye
ar

s
Po

o
r

3
5
.5

2
.4

4
1
.8

2
.3

3
4
.6

3
.1

4
2
.0

3
.2

3
6
.2

2
.9

4
1
.6

3
.2

4
5
.6

2
.0

5
0
.2

3
.2

3
2
.5

2
.3

3
7
.4

3
.3

2
9
.7

4
.7

4
1
.7

4
.7

N
ea

r-
p
o
o
r

2
9
.1

2
.1

3
0
.4

3
.2

3
0
.5

3
.2

3
1
.8

4
.0

2
7
.5

2
.2

2
9
.1

3
.7

4
2
.8

3
.6

4
1
.8

4
.0

3
2
.6

2
.9

2
7
.5

4
.3

2
4
.3

2
.8

2
6
.6

4
.7

N
o
n
-p

o
o
r

1
4
.0

1
.2

1
7
.8

1
.5

1
2
.9

1
.5

2
1
.1

3
.0

*
1
5
.3

2
.2

1
4
.5

1
.9

2
4
.3

3
.4

2
6
.5

3
.5

1
8
.7

2
.5

2
3
.3

2
.8

1
2
.6

1
.4

1
7
.1

1
.9

6
–8

ye
ar

s
Po

o
r

6
0
.6

2
.2

6
5
.7

3
.2

5
9
.3

4
.6

6
7
.2

3
.9

6
2
.5

4
.5

6
4
.3

4
.4

6
8
.1

3
.8

6
9
.8

3
.6

4
9
.5

3
.6

6
5
.7

3
.6

*
5
9
.9

5
.4

6
6
.0

5
.8

N
ea

r-
p
o
o
r

5
4
.0

4
.0

6
1
.1

3
.5

5
4
.1

6
.6

6
0
.6

3
.9

5
3
.9

6
.5

6
1
.7

6
.5

6
8
.5

6
.0

6
2
.5

4
.5

5
3
.1

5
.3

4
8
.3

4
.0

4
9
.4

5
.9

6
3
.2

5
.1

N
o
n
-p

o
o
r

3
8
.4

3
.5

3
9
.4

3
.5

3
5
.3

4
.9

4
3
.4

4
.2

4
2
.3

4
.3

3
5
.8

3
.9

4
9
.8

5
.2

5
9
.9

5
.8

3
9
.9

5
.6

4
4
.9

3
.3

3
7
.5

3
.9

3
7
.8

4
.3

To
ta

l
Po

o
r

4
6
.4

1
.6

5
2
.3

2
.3

*
4
5
.4

2
.4

5
3
.0

3
.0

*
4
7
.6

2
.8

5
1
.5

2
.6

5
5
.4

2
.1

5
8
.7

2
.7

3
9
.9

2
.3

4
9
.7

2
.5

*
4
2
.8

3
.3

5
2
.3

4
.2

N
ea

r-
p
o
o
r

3
9
.9

1
.7

4
3
.8

2
.7

4
0
.8

2
.9

4
4
.3

3
.2

3
9
.0

3
.0

4
3
.3

3
.9

5
4
.0

3
.4

5
0
.8

3
.3

4
1
.5

3
.0

3
6
.5

3
.2

3
5
.2

2
.5

4
2
.5

3
.8

N
o
n
-p

o
o
r

2
4
.6

1
.8

2
7
.2

2
.0

2
2
.7

2
.6

3
0
.8

2
.4

*
2
7
.0

2
.2

2
3
.7

2
.0

3
5
.4

2
.6

4
1
.0

3
.5

2
7
.9

3
.2

3
2
.7

2
.4

2
3
.4

2
.0

2
6
.1

2
.1

To
ta

l
3
4
.8

1
.1

3
8
.2

1
.5

3
3
.3

1
.6

4
0
.6

2
.0

*
3
6
.3

1
.6

3
5
.7

1
.8

5
0
.7

1
.5

5
1
.7

1
.9

3
7
.4

1
.6

4
1
.1

1
.8

2
9
.9

1
.4

3
4
.4

2
.2

U
n
tr

ea
te

d
ca

ri
es

2
–5

ye
ar

s
Po

o
r

3
0
.1

2
.6

3
1
.3

1
.9

3
0
.6

3
.0

3
0
.5

2
.6

2
9
.4

2
.8

3
2
.4

3
.0

3
9
.7

2
.4

3
9
.0

2
.9

2
8
.1

2
.1

2
9
.1

3
.1

2
5
.0

4
.5

3
0
.4

4
.1

N
ea

r-
p
o
o
r

2
4
.5

2
.1

2
3
.1

3
.0

2
6
.5

3
.3

2
4
.4

3
.9

2
2
.1

2
.3

2
1
.8

3
.2

3
6
.8

4
.3

3
0
.8

3
.6

2
6
.6

2
.6

2
0
.9

4
.1

2
0
.3

3
.0

1
9
.6

4
.1

N
o
n
-p

o
o
r

9
.3

0
.9

1
2
.9

1
.2

8
.3

1
.1

1
4
.4

2
.4

*
1
0
.3

1
.7

1
1
.1

1
.5

1
9
.1

4
.0

1
8
.4

2
.7

1
6
.3

2
.6

1
8
.3

2
.9

8
.0

1
.1

1
2
.2

1
.5

*
6
–8

ye
ar

s
Po

o
r

4
5
.6

2
.9

3
9
.3

2
.4

4
3
.5

5
.3

4
0
.6

3
.5

4
8
.0

5
.6

3
9
.4

3
.8

5
5
.4

4
.0

4
1
.2

3
.0

*
3
8
.0

3
.6

4
7
.1

3
.1

4
3
.5

5
.8

3
8
.1

4
.4

N
ea

r-
p
o
o
r

2
8
.4

3
.1

3
5
.2

4
.1

2
9
.1

4
.3

3
2
.6

5
.3

2
7
.4

4
.8

3
9
.0

7
.1

4
2
.6

6
.1

3
4
.8

4
.6

3
5
.3

5
.8

3
0
.5

4
.4

2
2
.3

4
.8

3
5
.5

6
.4

N
o
n
-p

o
o
r

1
4
.7

2
.4

1
7
.5

2
.1

1
3
.0

2
.3

2
0
.7

3
.0

*
1
7
.2

3
.6

1
4
.6

2
.3

2
3
.5

6
.0

3
0
.0

5
.6

2
4
.1

3
.8

2
8
.0

3
.1

1
3
.1

2
.7

1
5
.1

2
.9

To
ta

l
Po

o
r

3
6
.8

2
.0

3
4
.8

1
.8

3
6
.2

2
.9

3
4
.9

2
.5

3
7
.5

3
.1

3
5
.4

2
.3

4
6
.5

2
.6

4
0
.0

2
.1

3
2
.4

2
.4

3
6
.9

2
.4

3
3
.0

3
.9

3
3
.7

3
.3

N
ea

r-
p
o
o
r

2
6
.2

1
.6

2
8
.4

3
.0

2
7
.7

2
.4

2
8
.0

3
.8

2
4
.4

2
.3

2
9
.3

3
.8

3
9
.3

3
.6

3
2
.5

3
.1

3
0
.4

3
.4

2
5
.1

3
.3

2
1
.2

2
.4

2
6
.5

4
.5

N
o
n
-p

o
o
r

1
1
.6

1
.2

1
4
.9

1
.2

1
0
.3

1
.1

1
7
.1

2
.1

*
1
3
.3

2
.0

1
2
.6

1
.3

2
1
.0

3
.0

2
3
.4

3
.4

1
9
.7

2
.4

2
2
.5

2
.3

1
0
.2

1
.3

1
3
.5

1
.5

To
ta

l
2
2
.3

1
.0

2
3
.7

1
.4

2
1
.4

1
.1

2
4
.8

2
.0

2
3
.4

1
.4

2
2
.6

1
.5

3
9
.5

1
.6

3
3
.8

1
.8

*
2
8
.5

1
.4

2
8
.9

1
.7

1
6
.7

1
.3

2
0
.1

2
.1

Se
ve

re
ca

ri
es

2
–5

ye
ar

s
Po

o
r

1
5
.9

1
.9

1
6
.0

2
.0

1
5
.8

2
.5

1
4
.7

2
.4

1
5
.9

2
.3

1
7
.6

2
.9

2
0
.1

2
.7

1
6
.9

2
.8

1
4
.4

1
.6

1
2
.7

2
.6

1
3
.1

3
.2

1
6
.9

3
.5

N
ea

r-
p
o
o
r

1
3
.1

1
.8

1
3
.4

2
.5

1
3
.4

2
.8

1
1
.6

2
.7

1
2
.9

2
.0

1
5
.2

2
.9

2
0
.8

3
.2

1
6
.9

3
.1

1
1
.5

2
.1

1
0
.9

2
.4

1
0
.1

2
.0

1
0
.4

3
.8

N
o
n
-p

o
o
r

3
.3

0
.6

3
.6

0
.8

3
.3

0
.8

–
–

–
–

4
.2

1
.2

7
.9

2
.4

4
.2

1
.4

5
.4

1
.0

8
.7

2
.2

2
.3

0
.7

3
.0

0
.9

6
–8

ye
ar

s
Po

o
r

2
2
.7

3
.4

1
6
.3

2
.0

1
8
.9

2
.9

1
5
.3

2
.6

2
6
.6

5
.5

1
6
.9

3
.0

2
9
.6

4
.3

1
8
.9

2
.6

*
1
3
.8

2
.7

2
0
.5

2
.7

1
8
.1

3
.9

1
3
.1

4
.1

N
ea

r-
p
o
o
r

9
.5

1
.7

1
4
.1

2
.6

1
1
.2

2
.6

1
0
.6

2
.5

7
.8

1
.9

1
8
.5

4
.4

*
1
8
.0

4
.9

1
6
.0

3
.8

1
0
.7

3
.4

1
5
.5

3
.7

7
.9

2
.4

1
3
.2

4
.1

N
o
n
-p

o
o
r

4
.0

0
.9

7
.2

1
.2

*
3
.3

0
.9

9
.4

2
.0

*
4
.9

1
.5

5
.1

1
.3

7
.3

2
.9

9
.0

3
.0

1
0
.8

2
.8

1
1
.2

3
.2

3
.1

0
.9

6
.7

1
.5

*
To

ta
l

Po
o
r

1
8
.9

1
.9

1
6
.1

1
.6

1
7
.1

2
.0

1
5
.0

2
.0

2
0
.6

2
.9

1
7
.3

2
.0

2
4
.2

2
.5

1
7
.8

2
.2

1
4
.2

1
.6

1
6
.1

2
.0

1
5
.3

2
.5

1
5
.2

3
.0

N
ea

r-
p
o
o
r

1
1
.6

1
.3

1
3
.7

2
.3

1
2
.4

2
.1

1
1
.2

1
.9

1
0
.7

1
.5

1
6
.7

3
.1

1
9
.6

2
.6

1
6
.5

2
.5

1
1
.2

2
.2

1
2
.9

2
.4

9
.1

1
.5

1
1
.6

3
.6

N
o
n
-p

o
o
r

3
.6

0
.7

5
.1

0
.7

3
.3

0
.7

5
.7

1
.1

3
.9

0
.8

4
.6

0
.9

7
.7

2
.0

6
.3

1
.5

7
.7

1
.4

9
.8

1
.7

2
.7

0
.6

4
.6

0
.9

To
ta

l
9
.9

0
.8

1
0
.2

1
.0

9
.2

0
.8

9
.7

1
.2

1
0
.8

1
.2

1
0
.9

1
.0

1
9
.5

1
.4

1
5
.0

1
.1

*
1
1
.6

1
.1

1
2
.9

1
.4

6
.5

0
.8

8
.2

1
.3

SE
,

st
an

d
ar

d
er

ro
r;

*
P

£
0
.0

5
;

(–
)

D
SU

–
d
at

a
st

at
is

ti
ca

lly
u
n
re

lia
b
le

(t
h
e

re
la

ti
ve

st
an

d
ar

d
er

ro
r

w
as

£
3
0
%

).

Trends paediatric caries by poverty 135

Journal compilation � 2010 BSPD, IAPD and Blackwell Publishing Ltd.

No claim to original US government works



non-poor boys aged 6–8 years (3 vs 9%), but

not for girls (5%). For near-poor girls aged

6–8 years, however, severe caries increased

from 8% to approximately 19%, whereas no

increase was observed for near-poor boys

(11%).

Figure 1 shows caries experience in the pri-

mary dentition (mean dfs) for children age

2–8 years. Overall, mean dfs for total dental

surfaces increased significantly between

1988–1994 and 1999–2004 (2.95–3.70). For

children living in poverty, the mean dfs sig-

nificantly increased across the buccal-lingual,

mesio-distal, and occlusal dental surfaces dur-

ing the same period; however, there were no

significant changes in mean dfs across dental

surfaces for children living in non-poor

households. For near-poor children, caries

experience significantly increased only for

mesio-distal surfaces. The mean increase in

dfs for all dental surfaces between 1988–1994

and 1999–2004 can be attributed to an

increase in the mean number of filled

(restored) dental surfaces (1.61 vs 2.41).

Table 2 presents dental caries trends in the

mixed dentition for children aged 6–11 years

stratified by poverty status. Overall, caries

experience remained unchanged (approxi-

mately 55%) in the mixed dentition for chil-

dren aged 6–11 years between 1988–1994

and 1999–2004. Likewise, there were no sig-

nificant changes observed for poor (64 vs

66%) or non-poor (48 vs 45%) children.

Among children aged 6–8 years, however,

dental caries experience increased in the

mixed dentition for poor non-Hispanic blacks

(51 vs 68%) and for non-poor Mexican-

Americans (52 vs 68%) during the same

period.

The prevalence of untreated caries in the

mixed dentition remained unchanged for

all children aged 6–11 years (nearly

27%) between 1988–1994 and 1999–2004.

Although the overall differences in prevalence

for untreated caries remained nearly

unchanged by race ⁄ethnicity between 1988–

1994 and 1999–2004, the trends for untreated

dental caries among Mexican-Americans were

mixed. Among poor Mexican-American chil-

dren, untreated dental decay declined from

51 to 42% for children aged 6–11 years and

for children aged 6–8 years as well (57 vs

44%). For non-poor Mexican-American chil-

dren aged 6–11 years, however, untreated

decay increased from 20 to 32% during the

same period.

Severe decay declined for poor children

aged 6–11 years from 33% in 1988–1994 to

27% during 1999–2004. During the same per-

iod, the prevalence of severe decay remained

unchanged for near-poor and non-poor chil-

dren aged 6–11 years. The prevalence of

severe decay also declined for poor boys aged

6–11 (31 vs 23%) during the same period, but

the prevalence did not significantly change

for similarly aged poor girls.

Fig. 1. Decayed and filled primary

dental surfaces (dfs) for children age

2–8 years by surface group and federal

poverty level status: United States,

1988–1994 and 1999–2004. *P £ 0.05.
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Caries experience for children aged 6–11

years in the mixed dentition (mean dfs-DFS) is

shown in Fig. 2. Overall, mean dfs-DFS for

total dental surfaces increased significantly

between 1988–1994 and 1999–2004 (4.18–

5.02). There was a significant increase in mean

dfs-DFS for mesio-distal dental surfaces among

poor and near-poor children as well as an

increase in buccal and lingual surfaces for

near-poor children during the same period.

Table 3 shows that dental caries experience

in the permanent dentition significantly dec-

reased from approximately 25% from 1988–

1994 to 21% during 1999–2004 for children

aged 6–11 years. Dental caries also decreased

for all non-poor children (22 vs 16%) but car-

ies experience remained unchanged for all

poor children aged 6–11 years. Among all boys

aged 6–11 years, caries experience significantly

decreased from 23 to 19% from 1988–1994 to

1999–2004. During the same period, caries

experience significantly decreased for all non-

poor boys aged 6–11 years (22 vs 14%) and for

those aged 6–8 years (12 vs 4%). For poor boys

aged 6–11 years, however, the prevalence of

caries appeared to be increasing, but this

increase was not statistically significant. Over-

all, caries experience for girls appeared to be

trending down or remaining unchanged, but

the observed differences in prevalence was not

significant.

Overall, caries experience significantly

decreased for non-Hispanic white children

aged 6–11 from 24 to 19% from 1988–1994

to 1999–2004. Although the prevalence of

caries significantly decreased for all non-poor

non-Hispanics whites aged 6–11 years (21 vs

16%), caries prevalence may be increasing for

similarly aged poor non-Hispanic whites (25

vs 30%). This increase was statistically signifi-

cant for children aged 6–8 years (8 vs 22%).

The prevalence of caries may be trending

downwards for non-Hispanic black children

aged 6–11 years and this decrease was statisti-

cally significant for those who were non-poor

(23 vs 14%). For poor Mexican-American

children aged 9–11 years, however, caries

significantly increased from 38 to nearly

55%.

The prevalence of untreated caries in the

permanent dentition of children 6–11 years of

age did not change between 1988–1994 and

1999–2004 (approximately 8%). The only

major difference was a decrease in prevalence

of untreated caries among Non-Hispanic black

children from 13 to 9%; this change is driven

by non-poor children who had a decrease

from 10 to 4%.

Figure 3 shows caries experience in the per-

manent dentition (mean DFS) for children age

6–11 years. Although the overall mean DFS for

total dental surfaces decreased significantly

between 1988–1994 and 1999–2004, the dif-

ference was clinically small (0.82–0.65). Dur-

ing the same period, the only significant

decrease by dental surfaces and poverty was

Fig. 2. Decayed and filled mixed

dentition surfaces (dfs-DFS) for

children age 6–11 years by surface

group and federal poverty level status:

United States, 1988–1994 and 1999–

2004. *P £ 0.05.
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observed for buccal-lingual dental surfaces for

non-poor children. The mean decrease in DFS

for all dental surfaces between 1988–1994 and

1999–2004 can be attributed to a decrease in

the mean number of filled (restored) dental

surfaces (0.64 vs 0.48).

Discussion

National Health and Nutrition Examination

Survey data are fundamental to national sur-

veillance efforts for monitoring oral health

trends in the United States. The data reported

in our study illustrate changes in dental caries

status among children between 1988–1994

and 1999–2004 by poverty status. Overall,

our findings indicate that the previously

reported increase in dental caries in the pri-

mary dentition3 has affected boys at a dispro-

portionately higher rate compared with girls.

Dental caries in the primary dentition signifi-

cantly increased from 33 to 41% for boys

aged 2–8 years whereas remaining unchanged

for similarly aged girls (36%). The prevalence

of caries appears to be concentrated among

poor and non-poor boys aged 2–8 years and

particularly among non-poor boys aged

2–5 years. Furthermore, untreated disease in

the primary dentition has significantly

increased for boys as opposed to girls, particu-

larly among non-poor boys aged 2–8.

Findings in the permanent dentition are

much more favourable. Dental caries either

continues to decline across many youth sub-

groups or has remained essentially unchanged

from 1988–1994 to 1999–2004. In the mixed

dentition, dental caries experience has

remained unchanged for most children aged

6–11 years. Although untreated caries has

remained unchanged for most 6–11 year-old

children as well, untreated caries has signifi-

cantly decreased for poor Mexican-American

children (51 vs 42%), but has significantly

increased for non-poor Mexican-American

children (20 vs 32%).

Because one of the best predictors of future

tooth decay is current untreated decay or evi-

dence of past caries4–6, an increase in dental

caries in the primary dentition among chil-

dren is particularly disturbing. Historically,

dental caries has affected minority and poor

children disproportionately1,14. Nevertheless,

current trends show that dental caries is

increasing among 2–8 year-olds at the same

rate for both poor and non-poor boys (8%

point change). Although we did not investi-

gate the reasons for the recent changes

observed in caries epidemiology, two tradi-

tional risk factors that might be influencing

this increase in caries prevalence among

young children may be unhealthy eating hab-

its and inadequate dental insurance coverage.

The main change in unhealthy eating hab-

its is an increase in sweetened beverage (juice

drinks, fruit juices, flavoured juices, and

sodas) consumption by children15,16. Sugar

Fig. 3. Decayed and filled permanent

dental surfaces (DFS) for children age

6–11 years by surface group and

federal poverty level status: United

States, 1988–1994 and 1999–2004.

*P £ 0.05.
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consumption, especially sucrose, has been

strongly linked to dental caries for many

years17,18. Among children, juices and sweet-

ened beverages consumption has been

increasing with age, while milk consumption

has decreased16,19. Particularly among tod-

dlers, consumption of juices and sweetened

beverages appear to be displacing consump-

tion of milk20. This is a cause for concern

considering that by 24 months of age, 70% of

toddlers are consuming juices and sweetened

beverages21. Marshall co-workers found an

increase in soda consumption among children

ages 1–5 years and a strong association

between soda intake and caries presence and

extent of disease22 and a more recent study

has reported that preschool children who

changed from drinking small amounts of soda

to higher levels were 75% more likely to

have new levels of caries experience23.

Changes in dental insurance could also be an

important contributing factor in the increase of

paediatric dental caries among young children

as well. Dental coverage, whether private or

public-supported, is associated with receiving

preventive dental care24. Moreover, private

dental insurance coverage, which is more com-

mon among more affluent families, has

decreased in the United States over the past

decade25. Loss of public or private dental insur-

ance might be expected to result in a long-term

worsening of oral health status and may well

result in increased overall health costs26.

If the increase in caries prevalence among

young children remains constant, another

concern would be the ability of the dental

workforce to address the dental needs of

these children. Studies analysing access barri-

ers to dental care for the paediatric popula-

tion have found that dentists are not very

likely to treat children less than 5 years of

age27,28 or who have high levels of dental

caries28. Furthermore, a shortage of paediatric

dentists29 along with a 3% increase in the

number of births in the US30 could further

impact access to paediatric dental care.

Another important finding from this report

is that most differences between the two time

periods by poverty status in dental caries

experience and untreated decay were not sta-

tistically significant. Medicaid, the social

insurance programme for the poor, eligibility

was expanded through the State Children’s

Health Insurance Programme in 1997 to pro-

vide public health insurance for near-poor

children from families previously not eligible

for Medicaid. Consequently, NHANES data

(collected from 1988–1994 to 1999–2004) is

uniquely positioned to ecologically assess the

impact these changes may have had on access

to dental care issues for poor and near-poor

children. Overall, the differences in the dental

caries status for the majority of poor and

near-poor children between the two survey

periods were not significant in our findings.

This lack of significance may be the result of

small sample sizes of some poverty-demo-

graphic subgroups evaluated.

When looking at treated and untreated car-

ies levels by surface location, most of the

major differences in caries experience can be

attributed to the ‘filled’ component of the

dfs ⁄DFS index between 1988–1994 and 1999–

2004. This suggests that children who are able

to access the US dental care delivery system

are receiving restorative care. In the primary

dentition, there was no real difference

between the location of dental surfaces and

caries experience – that is, caries experience

seemed to be uniform across buccal-lingual,

mesio-distal, and occlusal surfaces for each

poverty group. Whereas in the permanent

dentition, there appears to be little caries

activity on mesio-distal surfaces with the

greatest activity on occlusal surfaces. This sug-

gests that preventive programmes such as

community water fluoridation is benefiting

children regardless of poverty status, but

additional efforts directed towards sealant uti-

lization should be considered to address the

higher prevalence of caries on occlusal dental

surfaces.

Although dental caries in most older children

continues to decline or remain unchanged,

increasing tooth decay among some young chil-

dren is a concern. Moreover, it is also trouble-

some that paediatric caries appears to be

disproportionately affecting young boys com-

pared with girls considering that here has not

been a difference in prevalence of caries

between boys and girls observed in national

surveys prior to NHANES 1999–200431,32.
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Although the increasing prevalence of dental

caries appears to be occurring in some of our

traditionally ‘low-risk’ groups such as the non-

poor, primary caries is also increasing in a small

number of ‘high-risk’ groups as well. Our find-

ings suggest that future caries research should

be expanded towards better understanding of

not only the factors that promote paediatric

dental caries among traditionally high-risk chil-

dren, but also among those once considered

low-risk for tooth decay.

What this paper adds
d This paper provides new information on the distribu-

tion of dental caries among children by poverty in the

United States.
d This paper shows in-depth analyses of caries in the

mixed dentition for children in the United States for

the first time.
d This study presents new information detailing the dis-

tribution of treated and untreated caries among chil-

dren in the United States by affected dental surfaces

and dentition status.

Why this paper is important to paediatric dentists
d Paediatric caries appears to be affecting more young

boys compared with young girls – this is important

given that in earlier US oral health surveys, there has

been no difference in the distribution of paediatric car-

ies by gender.
d Although the increasing prevalence of dental caries

appears to be occurring in some of our traditionally

‘low-risk’ groups such as the non-poor, primary caries

is also increasing in a small number of ‘high-risk’

groups as well.
d The increase of dental caries in primary teeth is an

early indication of changes that are occurring now

that will impact future health status and dental utiliza-

tion as the young cohort of children ages.

Disclaimer

The findings and conclusions in this report

are those of the authors and do not necessar-

ily represent the views of the Centres of Dis-

ease Control and Prevention.
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Appendix. Selected sample sizes.

Characteristics

NHANES 19888–1994 NHANES 1999–2004

Total Poor Near-poor Non-poor Total Poor Near-poor Non-poor

Age
2–5 years 4397 1814 1188 1395 2510 963 693 854
6–8 years 1539 624 428 487 1544 528 430 586
9–11 years 1636 647 411 578 1542 534 419 589

Gender
Males 3788 1519 1013 1256 2769 1048 757 964
Females 3784 1566 1014 1204 2827 977 785 1065

Race ⁄ ethnicity
Non-Hispanic whites 2255 335 580 1340 1662 321 384 957
Non-Hispanic blacks 2431 1224 672 535 1777 821 483 473
Mexican-Americans 2532 1352 695 485 1704 729 546 429

Total 7572 3085 2027 2460 5596 2025 1542 2029
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