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Abstract

Objectives: Bottled water consumption in the United States has greatly
increased in the past decade. Because the majority of commercial bottled water is
low in fluoride, there is the potential for an increase in dental caries. In these sec-
ondary data analyses, associations between bottled water use and dental caries
were explored. Methods: Subjects (n = 413) are in the Iowa Fluoride Study, which
included dental examinations of the primary (approximately aged 5) and early erupt-
ing permanent (approximately aged 9) dentitions by trained dentist examiners. Per-
manent tooth caries and primary second molar increments were related to bottled
water use using logistic and negative binomial regression models. All models were
adjusted for age and the frequency of toothbrushing. Results: Bottled water use in
this cohort was fairly limited (~10 percent). While bottled water users had signifi-
cantly lower fluoride intakes, especially fluoride from water, there were no signifi-
cant differences found in either permanent tooth caries (P = 0.20 and 0.91 for
prevalence and D2+FS, respectively) or primary second molar caries (P = 0.94 and
0.74 for incidence and d2+fs increment, respectively). Results for smooth surfaces
differed somewhat from those for pit and fissure surfaces, but neither showed sig-
nificant differences related to bottled water use. Conclusion: While bottled water
users had significantly lower fluoride intakes, this study found no conclusive evi-
dence of an association with increased caries. Further study is warranted, prefer-
ably using studies designed specifically to address this research question.
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fluoridation (4-6). Water fluoridation
was recognized by the CDC as one
of the 10 most important overall
public health achievements of the
20th century (7). While water fluori-
dation provides substantial caries-
preventive benefit to all those
drinking the water, those removing
fluoride from their drinking water
with reverse osmosis or distillation
water filters and those drinking low-
fluoride water from other sources do
not receive the caries-preventive
benefits of water fluoridation (8).

Armfield and Spencer (9)
assessed the associations between
dental caries and the use of non-
public water, defined as including
both bottled water and rainwater
stored in tanks, in South Australian
children. Using cross-sectional caries
experience data from 1991 to 1995,
they reported a significant positive
association between primary tooth
caries experience (ages 4 to 9) and
consumption of nonpublic water
among those with 100 percent life-
time access to fluoridated water, but
not among those with less than 100
percent lifetime access to fluoridated
water. There were no significant
associations of nonpublic water use
with permanent tooth caries experi-
ence among children aged 10-15
years.

Bottled water consumption has
recently increased, with per capita
US consumption rising substantially
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Introduction
Dental caries rates declined sub-

stantially overall among children and
young adults in the United States
during the final decades of the 20th
century (1), and more recently have
shown additional decline in perma-
nent teeth of children and adoles-
cents, but a leveling off of caries 
rates in the primary teeth (2). The
widespread availability of and access
to the caries-preventive benefits of
fluoride in many forms is the major
factor in the decline (3). Probably the
two most important forms of fluoride
on a public health level are commu-

nity water fluoridation and fluoride
dentifrice. These two modalities 
have been recommended by the US
Centers for Disease Control and Pre-
vention (CDC) as desirable for all
individuals in the United States,
while other fluoride exposures (e.g.,
dietary fluoride supplements, mouth
rinses, gels/foams/varnishes) are rec-
ommended only for those at elevated
caries risk (3).

The benefits of adjusted water 
fluoridation have consistently been
reaffirmed, and the CDC and numer-
ous other scientific, professional, and
government agencies support water
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from 16.2 gallons in 2000 to 26.1
gallons in 2005 (10). Because bottled
water has become an important
source of drinking water, several
studies (8,11,12) have documented
the fluoride levels in bottled waters,
with the majority of such products
found to be low in fluoride. For
example, a 1995 study (8) showed
that about 83 percent of the 78 prod-
ucts available for purchase in Iowa
City, IA had < 0.3ppm fluoride, with
an additional 7 percent having 0.3 to
0.7ppm. Only 10 percent had or
exceeded the recommended optimal
range of 0.7 to 1.2ppm fluoride.
More recent analyses of bottled
water samples [unpublished Iowa
Fluoride Study (IFS) data from 2000
to 2004] show that 91 percent of the
103 samples assayed had fluoride
levels under 0.3ppm, 3 percent with
0.3 to 0.7ppm, 5 percent at optimal
fluoridation levels (0.7 to 1.2ppm),
and 1 percent beyond optimal 
(1.33ppm).

Since bottled water is predomi-
nantly supoptimal in fluoride
content, the purpose of this paper is
to directly assess the association
between dental caries in the mixed
dentition and use of commercially
bottled water.

Methods
This study is a secondary analysis

of data collected for the IFS. While
the original study was designed to
analyze the complicated relation-
ships among fluoride exposures and
intake, dental fluorosis, and caries, it
was not specifically designed to
study the effect of bottled water on
caries. However, the previously col-
lected data do offer an opportunity
to begin to explore the association of
patterns of bottled water use with
caries.

Subjects in the study were partic-
ipants in the IFS, a cohort recruited
at birth from eight Iowa hospitals
and followed longitudinally until the
present. Parents of newborns were
recruited in 1992 to 1995 follow-
ing Institutional Review Board (IRB)-
approved procedures. Parents filled
out questionnaires at regular inter-
vals thereafter concerning the

amounts and sources of water that
their child consumed. The question-
naires also requested information on
other beverages and foods, fluoride
supplements, oral hygiene habits,
and dental visits. Informed consent
was obtained from parents and
assent from children, according to
procedures approved by the Institu-
tional Review Board (IRB) at the Uni-
versity of Iowa.

Relevant to these analyses, ques-
tionnaires were sent to parents at 
6-month intervals, and information
was gathered from age 6 until the
time of the mixed dentition exam
(ages vary). The parents completed
the questionnaires, which obtained
information about total amount of
water consumed during the previous
week and whether their children
consumed “mostly” tap or bottled
water.

For each given questionnaire,
respondents who used “mostly tap”
water at home were classified as
nonbottled water users, respondents
using “mostly bottled” were classi-
fied as bottled water users, and
respondents using “about equal
amounts” were classified as half
users. Subjects who reported using
bottled water from a noncommercial
source (e.g., water from grandpar-
ents’ home that was transported in
bottles) were reclassified as non-
bottled water users. For these analy-
ses, subjects then received an overall
area-under-the-curve (AUC) “bottled
water user” classification if they were
estimated to have used 25 percent or
more bottled water over the interval
from age 6 until their mixed denti-
tion caries exam. AUC estimates 
represent weighted daily averages,
with weights corresponding to the
length of time between questionnaire
returns, and they use information
collected on all questionnaires bet-
ween age 6 and the time of the
mixed dentition exam. Although
most brands of bottled water were
assayed for fluoride levels, the spe-
cific results were not used to calcu-
late actual water fluoride levels in the
present study, because our goal was
to assess association (if any) of
dental caries with bottled water 

use, not with varying water fluoride
levels.

Daily fluoride intake (mgF) was
estimated from reported intake of
water, other beverages and selected
foods, dentifrice ingestion, and fluo-
ride supplements on each returned
questionnaire (13). Fluoride levels of
water sources, dentifrice, and sup-
plements were ascertained on a
subject-specific basis, with individual
assays of water when sources were
nonpublic. The fluoride level in
water sources was a weighted
average of water from home, child-
care, school, and bottled water, with
weights depending on the amount
consumed from each water source.
Dentifrice ingestion was estimated
by considering the fluoride level of
the reported brand of dentifrice,
amount of dentifrice used per brush-
ing, frequency of toothbrushing, and
estimated proportion swallowed by
the child (14). Daily toothbrushing
frequency was assigned a numeric
value corresponding to the response
category (i.e., never = 0, less than
once = 0.5, once = 1, twice = 2, three
times = 3, and more than three =
3.5). Estimated daily fluoride inges-
tion and toothbrushing frequency
were averaged using the AUC trape-
zoidal method. If the 6-year response
was missing, an interpolated estimate
was used. Low socioeconomic status
(SES) was assessed only at recruit-
ment and represents that portion of
the sample with both low family
income (<$30,000/year) and mothers
not having 4-year college degrees.

Children were examined by two
trained and calibrated examiners in
the primary dentition at about age 5,
and again in the mixed dentition at
about age 9. Exams were conducted
using portable equipment, including
adjustable dental chairs, halogen
exam lights, and lighted mirrors. The
examinations were primarily visual,
with compressed air used to dry the
teeth, but dental explorers were used
to confirm questionable lesions. Cri-
teria for assessing both smooth
surface and pit and fissure lesions
were based on those of the World
Health Organization (15), as well as
those of Pitts (16) and Ismail (17), for
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both the primary (dfs) and perma-
nent (DFS) teeth, and included both
noncavitated (d1/D1) and cavitated
(d2+/D2+) lesions. Specifically, the
cavitated (d2+/D2+) lesions required,
at minimum, either demonstrable
loss of tooth structure or softness of
the lesion if probed with a dental
explorer (18). For these analyses, the
definition of caries cases included
only children who had cavitated or
filled surfaces (d2+fs/D2+FS), while
noncases included children with
only sound teeth or noncavitated
(d1/D1) surfaces. Each subject in this
report was required to have all eight
permanent incisors, four permanent
first molars, and four primary second
molars at the time of the mixed den-
tition exam. Each subject had four
primary second molars at the time of
the primary tooth exam as well. In
order to assess interexaminer relia-
bility, a subsample of children had
exams by both examiners, approxi-
mately 9 percent at age 5 and 3
percent at age 9.

Caries increment in the primary
second molars was adjusted for
reversals (19), and then rounded to
the nearest integer. Permanent tooth
caries assessment for this report has
been limited to that of the permanent
incisors and first molars, as those
teeth were consistently erupted in
nearly all subjects. Total caries incre-
ments were subdivided into those
found on smooth surfaces and those
found on pit and fissure surfaces.

Prevalence and incidence rates are
reported by surface type (smooth/pit
and fissure) and tooth type (primary/
permanent). Caries rates for bottled
water users versus nonusers were
compared using Fisher’s exact test.
Logistic regression was used to assess
effects on caries prevalence and inci-
dence. Generalized linear models
were used to fit permanent tooth
D2+FS and pri-mary second molar
d2+fs increments. Models using
Poisson, zero-inflated Poisson, nega-
tive binomial, and zero-inflated neg-
ative binomial distributions were
compared, and Akaike’s information
criterion (AIC) was used to choose
the model with the best fit. The data
were analyzed with SAS (20).

All regression models were
adjusted for the child’s age, overall
brushing frequency, and use of com-
mercially bottled water. With only 42
subjects designated as “bottled water
users,” it was important to limit the
number of variables included in the
models to avoid overfitting. Never-
theless, we wanted to explore the
impact of total fluoride intake (0.13
to 2.05mg/day), water fluoride level
(<0.70 versus ≥0.70), and low SES
(based on income and mother’s edu-
cational level). Therefore, each of
these additional variables was added
singly to the regression equations to
determine their effect.

Results
A total of 413 children had both

primary and mixed dentition exams,
as well as sufficient information on
water sources. All subjects had eight
permanent incisors and four perma-
nent first molars at the time of the
mixed dentition exam, as well as all
four primary second molars at both
the primary and mixed dentition
exams. Those subjects and those
teeth are the basis of this report. The
children’s mothers were predomi-
nantly White (98 percent) and of 
relatively high SES, with 48 percent
of mothers having a 4-year college
degree at the time of the child’s birth.
The subjects ranged in age from 4.5
to 7.0 years (mean age 5.1) at the
primary dentition exam, with 25
percent caries (d2+f) prevalence. At
the time of the mixed dentition
exam, the subjects ranged in age
from 7.7 to 12.0 years (mean 9.2) and
had 36 percent primary second
molar caries prevalence, 0.2 percent
(n = 1) permanent incisor caries
prevalence (D2+F), and 21 percent
permanent first molar caries preva-
lence. Interexaminer agreement for
person-level d2+f on the primary
molars was 95.4 percent (kappa =
0.86) at the age-5 exam and 100
percent (kappa = 1.00) at the age-9
exam. Interexaminer agreement for
person-level D2+F on the permanent
incisors and first molars (age-9
exam) was 88.2 percent (kappa =
0.60).

Using the “bottled water user”
classification scheme described
earlier (25 percent bottled water use
AUC from age 6 until the mixed den-
tition exam), 10 percent (n = 42) of
subjects were classified as commer-
cial bottled water users versus 90
percent classified as nonbottled
water users. Table 1 shows that the
bottled water users and the nonusers
were similar with respect to gender,
proportion of low-SES families,
number of questionnaires returned,
soda pop consumption, toothbrush-
ing frequency, home tap water fluo-
ride level, visits to the dentist, age 
at the time of the mixed dentition
exam, and number of sealants. The
AUC estimates were based on as few
as three questionnaires and up to a
maximum of 11 questionnaires, with
a median of six questionnaires per
subject.

Total AUC fluoride intake esti-
mates (mg/day) were significantly
lower among subjects using com-
mercially bottled water (Table 2).
Fluoride intakes from diet (other
than water), ingested dentifrice, and
fluoride supplements did not differ
significantly between bottled water
users and tap users. Fluoride
ingested from water was the only
component of total fluoride intake
that differed significantly between
the two groups (P < 0.001). Figure 1
provides a snapshot of the fluoride
levels of bottled water and tap water
linked to the 6-year-old question-
naires in the IFS. It can be seen that
the bottled waters in our study gen-
erally had substantially lower fluo-
ride levels than home tap water,
which had a bimodal distribution
involving both fluoridated and non-
fluoridated sources.

Permanent incisor/first molar
caries prevalence (D2+F) and primary
second molar caries incidence (d2+f)
rates by surface type are listed in
Table 3. Although bottled water
users had somewhat higher caries
prevalence and incidence on the pit
and fissure surfaces, they had slightly
lower rates for smooth surfaces.
None of the differences were statis-
tically significant (all P ≥ 0.24).
Similar results were found for 
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standardized caries rates, which
were stratified by age or toothbrush-
ing frequency (data not shown).

Logistic regression odds ratios,
confidence intervals, and P-values
for permanent incisor/first molar
caries prevalence and primary
second molar caries incidence are
presented in Table 4. Two subjects
were excluded from the analyses
because of insufficient data on tooth-

brushing frequency. Because only
one subject had caries on the smooth
surfaces of the permanent
incisors/first molars, only a single
regression model for total caries in
those permanent teeth is presented.
All models (A to D) show that tooth-
brushing frequency is negatively
associated with caries experience (all
P ≤ 0.04), but that differences in age
(A, P = 0.71), years between exams

(B to D, all P ≥ 0.12), and bottled
water use (all P ≥ 0.20) were not sig-
nificantly associated with caries
experience. Caries incidence rates
for smooth surfaces in the primary
second molars were slightly lower
among bottled water users, but
caries rates for pit and fissure sur-
faces were slightly higher, with
neither statistically significant. All
two-way interaction effects were

Table 1
Descriptive Means and Percentages for Bottled Water Users and Nonusers

Bottled
water users* Nonusers

(n = 42) (n = 371) P-value

Baseline
Gender

Boys 48% 50% 0.88†
Girls 52% 50%

Low socioeconomic status (SES)‡ 17% 19% 0.84†
Number of questionnaires returned from age 6 until the mixed dentition exam 6.5 6.4 0.66¶

AUC age 6 to dental exam
Soda pop intake (oz./day) 3.21 3.15 0.87¶
Daily toothbrushing frequency 1.6 1.5 0.31¶
Home tap water fluoride level (ppm) 0.75 0.80 0.48¶
Percentage of questionnaires reporting a visit to the dentist within previous 6 months§ 74% 75% 0.88¶

Dental exam
Age at mixed dentition exam 9.3 9.2 0.49¶

Sealed surfaces on primary second molars 1.6 1.3 0.25¶
Sealed surfaces on permanent first molars 3.0 2.7 0.42¶

* Bottled water users defined as subjects estimated as using 25% or more commercially bottled water between age 6 years and the time of the
mixed dentition exam.
† P-values from Fisher’s exact test.
‡ Low-SES families defined as those having both low family income (<$30,000/year) and mothers not having 4-year college degrees.
¶ P-value from t-test.
§ Percentage of questionnaires reporting dental visits for each subject ranged from 0 to 100%, with a median of 83%.

Table 2
Fluoride Intake (mg/day) by Commercial Bottled Water Use and Source

Bottled Standard 25th 75th Wilcoxon
Fluoride source water user* n Mean deviation Median percentile percentile P-value

Water Yes 35 0.21 0.16 0.17 0.09 0.27 <0.001
No 341 0.39 0.27 0.32 0.19 0.51

Other beverages Yes 35 0.22 0.13 0.17 0.11 0.31 0.11
and food No 341 0.18 0.10 0.16 0.11 0.22

Ingested Yes 35 0.12 0.17 0.06 0.00 0.23 0.29
dentifrice No 341 0.13 0.18 0.08 0.03 0.16

Fluoride Yes 35 0.02 0.08 0.00 0.00 0.00 0.84
supplements No 341 0.01 0.07 0.00 0.00 0.00

Total fluoride Yes 35 0.57 0.26 0.52 0.37 0.78 0.04
No 341 0.71 0.36 0.63 0.44 0.89

* Bottled water users are defined as subjects estimated as using 25% or more commercially bottled water between age 6 years and the time of
the mixed dentition exam.
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In order to analyze caries sever-
ity, generalized linear models were
used to compare D2+FS among the
permanent incisors/first molars and
d2+fs increment among the primary
second molars. Several types of dis-
tributions were compared using
Akaike’s information criterion to
determine the best fit. For permanent
incisor/first molar D2+FS models, AIC
values were 753, 656, 650, and 658
for the Poisson, zero-inflated
Poisson, negative binomial, and
zero-inflated negative binomial
models, respectively (a lower value
corresponds to a better fit). For
primary second molar d2+fs incre-
ment models, the AIC values were
1,379, 1,040, 1,009, and 1,029 for the
Poisson, zero-inflated Poisson, nega-
tive binomial, and zero-inflated neg-
ative binomial models, respectively.

While all models resulted in
similar nonsignificant results for
bottled water use, Table 5 presents
only the results for the best-fitting
negative binomial distribution models.
Caries counts for permanent incisor/
first molar smooth surfaces were
again insufficient for modeling pur-
poses, so only a single total caries
model is presented for those perma-
nent teeth (Table 5, model A). Bottled
water users had slightly higher caries
counts (nonsignificant) after adjust-
ing for other factors in the model.
Caries increment counts on primary
second molar smooth surfaces were
slightly lower for bottled water users
than for nonusers after adjusting for
age and brushing frequency (model
C). For primary second molar pit and

Table 3
Caries Prevalence and Incidence in the Mixed Dentition

Permanent incisor/first molar caries prevalence* Primary second molar incidence†

Nonbottled Bottled Nonbottled Bottled
water user water user water user water user
prevalence prevalence Fisher’s incidence incidence Fisher’s

(%) (%) exact test (%) (%) exact test
Surface type (n = 371) (n = 42) P-value (n = 371) (n = 42) P-value

All surfaces 20 29 0.24 32 31 1.00
Smooth 2 0 1.00 22 19 0.85
Pit and fissure 20 29 0.24 27 29 0.86

* Percentage of children with D2+ caries and/or fillings on the permanent incisors and/or first molars at approximately age 9.
† Percentage of children showing a net increase in d2+fs on the primary second molars (ages 5 to 9).

0%

10%

20%

30%

40%

50%

60%

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

Fluoride Concentration (ppm)

Bottled Home Tap

Figure 1
Home tap water and bottled water fluoride levels (%): 6-year

questionnaire

analyzed and, except for one, they
were not significant and did not
result in any significant effects for
bottled water use. Using the Hosmer
and Lemeshow goodness-of-fit test
(21, p. 177), the pit and fissure
primary second molar incidence
model with a significant interaction
effect (bottled water use by years
between exams) showed a poorer 
fit than the model without the inter-
action. Hence, we have not pre-
sented any logistic models involving
interactions.

Separate analyses that added total
fluoride intake, water fluoride level,
and low SES to the models generally
did not make any substantive im-
provements to the models (based 
on the AIC) and had nonsignificant
P-values. The exception was for total
fluoride intake on the smooth surface
caries incidence model, where total
fluoride intake showed a significant
(P = 0.01) preventive effect. How-
ever, none of the additional models
resulted in significant effects for
bottled water use (all P > 0.19).



156 Journal of Public Health Dentistry

fissure caries increments (model D),
bottled water users had slightly
higher caries counts after adjusting
for other factors.

We explored all two-way interac-
tion effects for the variables in the
four main-effects models in Table 5.
All were nonsignificant (P > 0.05)
and did not change the nonsignifi-
cance of the bottled water main
effect, except for the age by tooth-
brushing frequency interaction of the
permanent incisor/first molar D2+FS
model (model A). The interaction
model had a slightly better overall fit

(AIC = 647), but showed that chil-
dren examined before age 8.3 years
had a positive effect for toothbrush-
ing frequency (more D2+FS with
increased brushing). However, even
with this two-way interaction effect
in place, the main effect for bottled
water use was still not significant 
(P = 0.73). Only the main-effects
models are presented in Table 5,
without interactions.

The addition of total fluoride
intake, water fluoride level, and low
SES, in general, did not make any
substantive improvements to the

models (based on the AIC) and had
nonsignificant P-values. The excep-
tion was for total fluoride intake on
the smooth surface and total caries
incidence models, where total fluo-
ride intake showed significant (P =
0.01 and P = 0.02, respectively) pre-
ventive effects. However, none of the
additional models resulted in signifi-
cant effects for bottled water use (all
P > 0.27).

Discussion
This study found that children

who were defined as bottled water

Table 5
Generalized Linear Models* for Permanent Incisor/First Molar D2+FS and Primary Second Molar d2+fs

Increment (n = 411)

Exam age Brushing frequency Bottled water use
Permanent D2+FS: Coefficient Coefficient Coefficient
incisors and first molars AIC (95% C.I.) P (95% C.I.) P (95% C.I.) P

A. All Surfaces 650 0.11 0.55 −0.61 0.02 0.10 0.91
(−0.24, 0.45) (−1.09, −0.13) (−0.69, 0.90)

Years between exams Brushing frequency Bottled water use
Primary d2+fs increment: Coefficient Coefficient Coefficient
second molars AIC (95% C.I.) P (95% C.I.) P (95% C.I.) P

B. All surfaces 1,009 0.14 0.37 −0.82 <0.001 0.12 0.74
(−0.16, 0.44) (−1.27, −0.38) (−0.59, 0.83)

C. Smooth surfaces 678 0.18 0.29 −0.87 <0.001 −0.20 0.64
(−0.16, 0.52) (−1.37, −0.37) (−1.05, 0.64)

D. Pit and fissure 761 0.10 0.49 −0.76 <0.001 0.36 0.28
(−0.19, 0.39) (−1.19, −0.34) (−0.29, 1.02)

* Models used a negative binomial distribution with log link.
AIC, Akaike’s information criterion; C.I., confidence intervals.

Table 4
Logistic Regression Models for Permanent Incisor/First Molar Caries Prevalence and Primary Second

Molar Caries Incidence (n = 411)

Permanent tooth caries Exam age Brushing frequency Bottled water use
prevalence (D2+F): Odds ratio Odds ratio Odds ratio
incisors and first molars AIC (95% C.I.) P (95% C.I.) P (95% C.I.) P

A. All surfaces 429 1.07 0.71 0.60 0.04 1.61 0.20
(0.76, 1.49) (0.37, 0.98) (0.78, 3.31)

Primary tooth caries Years between exams Brushing frequency Bottled water use
incidence (d2+f): second Odds ratio Odds ratio Odds ratio
molars AIC (95% C.I.) P (95% C.I.) P (95% C.I.) P

B. All surfaces 506 1.22 0.18 0.45 <0.001 1.03 0.94
(0.91, 1.62) (0.29, 0.70) (0.51, 2.08)

C. Smooth surfaces 421 1.30 0.12 0.42 <0.001 0.91 0.82
(0.94, 1.80) (0.26, 0.69) (0.40, 2.07)

D. Pit and fissure 476 1.24 0.17 0.50 0.003 1.16 0.69
(0.92, 1.67) (0.32, 0.78) (0.56, 2.38)

AIC, Akaike’s information criterion; C.I., confidence intervals.
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users (estimated to use at least 25
percent bottled water from age 6
until the mixed dentition exam) had
reduced fluoride intakes from water
and also reduced total fluoride
intakes. This confirms the logical rea-
soning that if individuals consume
bottled waters, which are typically
low in fluoride, the overall result will
be lower fluoride intakes. Presum-
ably, such reduced exposure to flu-
oride would result in increased caries
occurrence. However, the present
study did not find any significant dif-
ferences in caries prevalence or inci-
dence between bottled water users
and those who did not use much
bottled water.

However, with only 42 subjects
designated as bottled water users
(~10 percent), our analyses lacked
sufficient statistical power to detect
significant caries effects from bottled
water use. For example, based on
the permanent incisor/first molar
prevalence of pit and fissure caries
reported in Table 3, a large-sample,
one-tailed test for a difference in pro-
portions has less than 16 percent
power (α = 0.05). The relatively low
use of bottled water by study partic-
ipants may reflect the fact that data
from this ongoing longitudinal study
were collected several years ago
when bottled water use was less
common. Moreover, as an observa-
tional study, there were not defined
groups of exclusive bottled water
users, and the minimum needed to
be classified as a bottled water user
was 25 percent of their total water
intake. Thus, many of those classi-
fied as “users” consumed consider-
able proportions of their total water
intake from fluoridated tap water,
which would have diluted possible
differences. However, the low preva-
lence of substantial bottled water use
precluded a more stringent definition
of bottled water use that might be
associated with more dramatic
effects.

Our future analyses of bottled
water use will be able to incorporate
the actual amounts of bottled water
and tap water consumed, but the
early questionnaires used for this
study (up to age 8.5) were not

designed with that level of detail. An
optimally designed study would
compare subjects consuming only
bottled water with subjects consum-
ing only fluoridated tap water, but
that type of comparison is not pos-
sible within the IFS cohort.

The public health implications 
of this study’s results are limited, 
but it is clear that the use of relatively
small amounts of bottled water by 
a small portion of the population 
has little impact on caries. However,
this finding does not preclude a 
substantial impact in populations 
where bottled water use is prevalent
and large amounts are consumed 
relative to other beverages, particu-
larly fluoridated tap water. Indeed,
concerning the IFS, as bottled water
use increases over time and as the
children get older (approximately 
7 percent usage at age 6 versus 
14 percent at age 11 in the pres-
ent study), bottled water’s effects 
on caries may become statistically
significant.

The study also allowed us to 
consider different approaches in
fitting caries regression models using
Poisson, zero-inflated Poisson, nega-
tive binomial, and zero-inflated neg-
ative binomial distributions. Previous
research has confirmed that negative
binomial models fit cross-sectional
caries and longitudinal incidence
models well (22). Their study
showed that zero-inflated negative
binomial models were better fitting
than zero-inflated Poisson models.
While our analyses included the
zero-inflated models, our data were
adequately fit by the standard nega-
tive binomial model. Poisson models
are designed for outcome measures
that are based on counts, but nega-
tive binomial models also represent
count data well because they repre-
sent a mixture of Poisson distribu-
tions with individual Poisson
intensity parameters that follow a
gamma distribution (21, p. 559-60).
Because individuals vary in suscepti-
bility to caries experience, the nega-
tive binomial model should be an
improvement over the Poisson
model for caries count data. The
adjustment for zero-inflation, though,

may be more or less necessary,
depending on the properties of the
population under study.

The finding that increased brush-
ing frequency was associated with
reduced caries prevalence and inci-
dence was intriguing and suggests
the need for continued analyses of
our data. To that end, we plan to
study how various sources of topical
fluoride exposures (dentifrice, mouth
rinse, water) are related to caries
prevalence and incidence in this age
group, as well as in the entire per-
manent dentition at age 13 among
cohort children (we are currently
conducting those examinations). In
addition, we plan to assess how 
longitudinal (nonfluoride) dietary
patterns, along with fluoride and
demographic factors, relate to caries
prevalence and incidence in these
children.

In conclusion, the results of the
study suggest that children consum-
ing at least some bottled water have
significantly lower levels of fluoride
intake, but that these differences in
fluoride ingestion did not translate
into statistically significant differ-
ences in caries prevalence or inci-
dence. However, because of the low
prevalence of any bottled water use
and many subjects’ concurrent use of
(primarily fluoridated) tap water by
study participants, the association
between caries and bottled water
should be studied further in larger
studies and ones better designed to
address this research question.

References
1. Hicks MJ, Flaitz CM. Epidemiology of

dental caries in the pediatric and ado-
lescent population. A review of past and
current trends. J Clin Ped Dent. 1993;
18(1):43-9.

2. Beltran-Aguilar ED, Barker LK, Canto MT,
Dye BA, Gooch BF, Griffin SO, Hyman
J, Jaramillo F, Kingman A, Nowjack-
Raymer R, Selwitz RH, Wu T; Centers for
Disease Control and Prevention (CDC).
Surveillance for dental caries, dental
sealants, tooth retention, edentulism, and
enamel fluorosis–United States, 1988-
1994 and 1999-2002. MMWR Surveill
Summ. 2005;54(3):1-43.

3. Centers for Disease Control and Preven-
tion. Recommendations for using fluo-
ride to prevent and control dental caries
in the United States. Morbid Mortal Wkly
Rep. 2001;50(RR14):1-42.



158 Journal of Public Health Dentistry

4. Griffin SO, Jones K, Tomar SL. An eco-
nomic evaluation of community water
fluoridation. J Public Health Dent. 2001;
61:78-86.

5. Horowitz HS. The effectiveness of com-
munity water fluoridation in the United
States. J Public Health Dent. 1996;56:
253-8.

6. National Institutes of Health Consensus
Development Panel. National Institutes
of Health development conference state-
ment – diagnosis and management of
dental caries throughout life, March
26–28, 2001. J Am Dent Assoc. 2001;
132:1153-61.

7. Centers for Disease Control and Preven-
tion. Ten great public health achieve-
ments: United States 1900–1999. Morb
Mortal Wkly Rep. 1999;48:241-3.

8. Van Winkle S, Levy SM, Kiritsy MC,
Heilman JR, Wefel JS, Marshall T. Water
and formula fluoride concentrations: sig-
nificance for infants fed formula. Pediatr
Dent. 1995;17(4):305-10.

9. Armfield JM, Spencer AJ. Consumption of
nonpublic water: implications for chil-
dren’s caries experience. Community

Dent Oral Epidemiol. 2004;32(4):283-
96.

10. Beverage Marketing’s 2006 Market
Report Findings: the 2005 stats [cited
2007 March 8]. Available from:
http://www.bottledwater.org/public/
stats_2005.doc

11. Lalumandier JA, Ayers LW. Fluoride and
bacterial content of bottled water vs tap
water. Arch Fam Med. 2000;9(3):246-
50.

12. Johnson SA, DeBiase C. Concentration
levels of fluoride in bottled drinking
water. J Dent Hyg. 2003;77(3):161-7.

13. Levy SM, Warren JJ, Davis CS, Kirchner
HL, Kanellis MJ, Wefel JS. Patterns of flu-
oride intake from birth to 36 months. 
J Public Health Dent. 2001;61(2):70-7.

14. Franzman MR, Levy SM, Warren JJ, 
Broffitt B. Fluoride dentifrice ingestion
and fluorosis of the permanent incisors.
JADA. 2006;137:645-52.

15. World Health Organization. A guide to
oral health epidemiology investigations.
Geneva: World Health Organization; 1979.

16. Pitts NB. Diagnostic tools and measure-
ments–impact on appropriate care. Com-

munity Dent Oral Epidemiol. 1997;25:
24-35.

17. Ismail AI. Clinical diagnosis of precavi-
tated carious lesions. Community Dent
Oral Epidemiol. 1997;25:13-23.

18. Warren JJ, Levy SM, Kanellis MJ. Dental
caries in the primary dentition: assessing
the prevalence of cavitated and non-
cavitated lesions. J Public Health Dent.
2002;62:109-14.

19. Beck JD, Lawrence HP, Koch GG. A
method for adjusting caries increments
for reversals due to examiner misclassi-
fication. Community Dent Oral Epi-
demiol. 1995;23(6):321-30.

20. SAS® 9.1.2 for Microsoft® Windows®.
Cary (NC): SAS Institute Inc.; 2004.

21. Agresti A. Categorical data analysis. 2nd
ed. New York: John Wiley & Sons, Inc;
2002.

22. Lewsey JD, Thomson WM. The utility of
the zero-inflated Poisson and zero-
inflated negative binomial models: a case
study of cross-sectional and longitudinal
DMF data examining the effect of socio-
economic status. Community Dent Oral
Epidemiol. 2004;32(4):183-9.

http://www.bottledwater.org/public


Copyright of Journal of Public Health Dentistry is the property of Wiley-Blackwell and its content may not be

copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written

permission. However, users may print, download, or email articles for individual use.


