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Risk Factors for Enamel Fluorosis in Optimally Fluoridated Children Born
after the US Manufacturers’ Decision to Reduce the Fluoride Concentration
of Infant Formula

David G. Pendrys and Ralph V. Katz

This case-control study investigated risk factors for enamel fluorosis in optimally fluoridated children, born
after the US infant formula industry voluntarily reduced the fluoride content of their products. Analysis was
performed on 233 children, aged 10-14 years. Case-control status was determined using the Fluorosis Risk
Index (FRI). Risk factor exposure was ascertained via a mailed questionnaire. Logistic regression analyses
revealed a strong association between mild-to-moderate enamel fluorosis on early forming (FRI classification
I) enamel surfaces and both fluoride supplement use (odds ratio (OR) = 5.95, 95% confidence interval (Cl)
1.06-33.53), and early fluoride toothpaste use (OR = 6.35, 95% Cl 1.21-33.40). The authors found a
suggestive, but nonsignificant, association between fluorosis on these enamel surfaces and infant formula in
the form of powdered concentrate (OR = 4.33, 95% CI 0.73-25.66). There was a strong association between
mild-to-moderate fluorosis on later forming (FRI classification Il) enamel surfaces and infant formula use in the
form of powdered concentrate (OR = 10.77, 95% CIl 1.89-61.25), fluoride supplement use (OR = 10.83, 95%
Cl 1.90-61.55), and early fluoride toothpaste use (OR = 8.37, 95% CI 1.68-41.72). No association was
observed between the use of ready to feed infant formula and enamel fluorosis. Am J Epidemiol 1998;148:

967-74.
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The identification of the causes of the increased
prevalence of enamel fluorosis in both optimally flu-
oridated and nonfluoridated areas of the United States
(1, 2) is of importance. Nearly all of the toothpaste
used in the United States today contains fluoride (3).
Children under age 6 years generally swallow much of
the toothpaste that they use to brush their teeth (4-6),
with most of the fluoride in the swallowed toothpaste
being absorbed in the gastrointestinal tract (7-10). The
number of epidemiologic investigations reporting an
association between early toothpaste use and the de-
velopment of enamel fluorosis on the permanent den-
tition continues to grow (11-23). We have previously
reported the risk of mild-to-moderate enamel fluorosis
associated with early frequent toothbrushing to be
nearly threefold in an optimally fluoridated US middle
school-age population (17), and fourfold in a nonfluo-
ridated US middle school-age population (21).
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Prior to 1979, infant formula contained variable and
often high concentrations of fluoride (24-26). Studies
have suggested an association between the ingestion of
formula manufactured before 1979 and enamel fluo-
rosis (17, 27). Although US manufacturers of infant
formula voluntarily agreed in 1979 to reduce and
control the concentration of fluoride in their products
(28), speculation has continued as to whether the con-
centration of fluoride remaining, when added to other
ingested sources, may continue to represent an impor-
tant source of total body intake (29). In particular, the
concern has been raised that the dilution of concen-
trated formula with optimally fluoridated water, as
directed for use, will result in a food source containing
an above optimal concentration of fluoride (30, 31).
Only recently have the children, who as infants would
have ingested this reduced fluoride formula, reached
an age where fluorosis can be properly assessed. Our
recent report (21), of fluorosis risk factors in a popu-
lation born after 1979 who had grown up in areas with
low concentrations of fluoride in the water supply,
found no association between infant formula use, in
any form, and enamel fluorosis.

The dental profession has repeatedly warned against
the use of fluoride supplements by children whose
drinking water is optimally fluoridated, and no profes-
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sional group has ever recommended such a use (32—
37). Nevertheless, the inappropriate prescription of
supplements for these children has been a consistently
reported problem (38-45). We have previously re-
ported a very strong association between the use of
fluoride supplements, by children who have grown up
in optimally fluoridated areas, and mild-to-moderate
enamel fluorosis (17).
The purpose of this case-control study was to in-
vestigate risk factors for mild-to-moderate enamel
fluorosis in an optimally fluoridated population of
Connecticut children, born after US manufacturers of
infant formula agreed to voluntarily reduce the fluo-
ride concentration in their products. The primary goal
" of this investigation was to determine whether there
was an association between enamel fluorosis and ex-
posure during the first 8 years of life to three sources
of non-waterborne ingested fluoride: infant formula,
fluoride dentifrice, and fluoride supplementation.

MATERIALS AND METHODS

All sixth through eighth graders who were enrolled
in participating school districts in five optimally fluo-
ridated Connecticut communities at the time of the
study (1994-1995) were invited to participate. All
contacted school systems agreed to participate, and
enrollment was with the enthusiastic cooperation of
the participating school districts.

Fluorosis examinations were conducted in the sub-
jects’ schools by two calibrated examiners who used
portable dental chairs and headlights. Subjects’ teeth
were dried with sterile cotton gauze for better visibility
before the examination. Inter- and intra-examiner re-
liability examinations were randomly conducted daily
throughout the data collection period.

Enamel fluorosis was measured using the fluorosis
risk index (FRI) (46), which categorizes fluorosis
cases and controls based on the presence of mild-to-
moderate fluorosis on enamel surfaces that begin to
form during defined developmental periods, either
during the first year of life (FRI classification I enamel
surface zones) or after the second year of life (FRI
classification II enamel surface zones). Measuring flu-
orosis in this way is useful in risk factor investigations
because enamel fluorosis observed at different enamel
surface locations may be related to entirely different
routes of fluoride exposure. A complete discussion of
the FRI and its utility in analytical epidemiologic
investigations has been presented elsewhere (46—49),
as has its use in other investigations (12, 17, 21, 50).

After the fluorosis examinations, the data were an-
alyzed to identify cases and controls. For each of the
two FRI classifications, a subject was categorized as a
case if the subject possessed a fluorosis-positive score

on two or more enamel surface zones assigned to that
classification. For a subject to be categorized as a
control several criteria needed to be met. To be cate-
gorized as a control, a subject first needed to have no
fluorosis positive or questionable scores on any sur-
face zone assigned to that classification. However,
subjects who might otherwise be classified as a control
under a FRI classification were excluded as a control
and classified as masked if the fluorosis status of more
than one surface zone under that classification were
nonscoreable (e.g., due to the presence of orthodontic
bands). In addition, subjects who were fluorosis free
on FRI classification II enamel surfaces but who met
the criteria for a case, based on any other surface
zones, were categorized as questionable. Subjects who
were fluorosis free on FRI classification I enamel
surfaces but were not also fluorosis free on FRI clas-
sification II enamel surfaces were categorized as ques-
tionable. These rules serve to increase the confidence
that subjects categorized as controls are indeed fluo-
rosis free. The strict exclusion criteria for FRI classi-
fication I controls recognizes the increased likelihood
that a subject categorized as either masked or ques-
tionable under FRI classification II is actually a case,
due to the larger number of surface zones under this
classification, and the greater number of surfaces un-
der this classification that could be masked by the
wearing of orthodontic appliances. In this way, a rel-
atively pure case-control status was determined for
each subject for each of the two FRI classifications.
All other subjects who failed to meet either the case or
control definition were categorized as questionable.
Subjects who were identified as questionable or
masked under both FRI classifications were not in-
cluded in any analyses.

A 40-item, self-administered, close-ended fluoride ex-
posure questionnaire was mailed to the parents of the
identified case and control subjects. This questionnaire
has been used and described in three previous investiga-
tions (12, 17, 21). Briefly, the questionnaire assessed the
subject’s residency, frequency of toothbrushing, typical
amount of toothpaste used during toothbrushing, and use
of fluoride supplements during the first 8 years. Respon-
dents also indicated whether they used either bottled
water or a tap water filter for more than 2 of the first 8
years of the child’s life, at what age their child began to
brush, and at what ages they helped their child brush.
Parents were offered $20 for return of the completed
questionnaire. Two mailings followed the initial mailing.
Incomplete questionnaires were returned to the parent
with a letter identifying the specific areas requiring com-
pletion. Only responses from parents/guardians who had
lived with their child during the first 8 years of the
subject’s life were accepted for analysis.
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A randomly drawn reliability sample, blocked on
the mailing round on which the questionnaire was
returned, was mailed a second questionnaire one
month after completion of the third mailing round.
None of the parents or subjects were informed of the
subject’s case or control status until after the return of
the reliability sample.

The fluoridation status of subjects who had lived
any of their first 8 years in other than one of the study
communities was determined by the 1992 Fluoridation
Census (51). All analyses were limited to subjects who
had lived only in optimally fluoridated communities
throughout the first 8 years of their life.

All data were entered into an IBM-compatible com-
puter and analyzed using SPSS for Windows (52) and
Epidemiological Graphics, Estimate, and Testing
(EGRET) (53) statistical packages. All descriptive and
inferential analyses were conducted separately on the
basis of FRI classification I or FRI classification II
enamel surface zones, respectively. Basic descriptive
and univariate statistics, as well as Mantel-Haenszel
odds ratios (53, 54) to the extent allowed by cell size,
were used in the construction of the multivariate anal-
yses. Unconditional logistic regression analyses were
used to develop a model of exposures associated with
mild-to-moderate enamel fluorosis. The regression
coefficient-generated odds ratio was used to estimate
relative risk for each factor, adjusted for all other
factors in the model (52, 53, 55, 56). Tests for trend
and departure from linearity were performed where
appropriate (53, 57). Infant formula use, use of fluo-
ride toothpaste, and fluoride supplement use during
the first 8 years were the independent variables of
principal interest. Socioeconomic status was mea-
sured, as in three previous studies, by the median
household income of subjects’ census tract data (58).
Ninety-five percent confidence intervals were gener-
ated for all adjusted odds ratios.

RESULTS

Table 1 describes the process of fluorosis identifi-
cation and fluoride history ascertainment. The table
shows that 867 subjects (95 percent of those enrolled
and 14 percent of those eligible by grade level) were
examined for fluorosis. Intra- and inter-examiner
agreement on case versus control status was 100 per-
cent and 86 percent, respectively (Cohen’s kappa =
1.0 and 0.70, respectively (59)).

Based on these examinations, 360 cases and controls
for mild-to-moderate fluorosis were identified, all of
whose parents/guardians were sent fluoride history
questionnaires. A 91 percent response rate yielded 326
completed questionnaires after three mailing rounds.
Response rates were similar regardless of case/control
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TABLE 1. Ascertainment of cases and controls for mild-to-
moderate enamel fluorosis and fluoride exposure question-
naire data among Connecticut children born between 1980
and 1983

Subject category No.

Case/control ascertainment
Total no. of subjects examined for

enamel fluorosis* 867
Diagnosed as other than a definite

case or controlt 507
Diagnosed as a fluorosis case or

controlt 360

Fluoride exposure history ascertainment

Unable to contact with questionnaire 3
Parents of cases/controls sent

questionnaires 357
Questionnaires returned 326

Excluded on the basis of mixed or
nonfiuoridated residence history,
excluded informant, or born
before 1980§ 93

Total cases and controls in analysis 233

* Study was open to all middle-school-aged children enrolled in
participating school districts.

1 Includes subjects diagnosed as questionable for mild-to-mod-
erate enamel fluorosis and subjects whose enamel surfaces were
masked by the presence of orthodontic appliances or restorations.

$ Subjects who were either a case or control for enamel fluoro-
sis under at least one of the two Fluorosis Risk Index classifications.

§ Only parents/guardians who lived with their child during the
first 8 years of the child's life were considered acceptable infor-
mants.

status. A 16 percent reliability sample showed an
average agreement between the first and repeat ques-
tionnaire responses of 87 percent, which was similar
regardless of case/control subject status.

A total of 163 cases and controls using FRI clas-
sification I, and 188 cases and controls using FRI
classification II were available for subsequent anal-
yses after exclusions due to residence history, in-
formant status, and year of birth. These subjects
ranged in age from 10 years to 14 years (mean =
12.9 years), and 56 percent of the subjects were
female. Ninety-one percent of the subjects were
white, which was reflective of the town populations.
Nonwhite subjects were primarily black and His-
panic (3 percent each, respectively). All of the chil-
dren were born after 1979 (i.e., 1980-1983), and all
lived in optimally fluoridated areas throughout the
entire first 8 years of life. Eighty-two percent had
been served by their current town of residence’s
water supply for their entire lives. The fluorosis risk
index cross-classification of these subjects is given
in table 2. All of the cases had enamel fluorosis of
mild-to-moderate severity, with the exception of
nine subjects (5 percent of the cases) who had at
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TABLE 2. Fluorosis Risk Index (FRI) classification | subject status stratified by FRI classification Il sub-
ject status for optimally fluoridated Connecticut children born between 1980 and 1983*

FRI FRI classification Ii subject status

dlassification | Fluorosis Fluorosis -

subject status present absent Questionable Maskedt Total
Fluorosis present 67 1 37 8 112
Fluorosis absent 1 51 1 9 51
Questionable 57 2 # # 59
Masked§ 8 3 # # 1
Total 132 56 37 8 233

* Only subjects who were either a case or a control under at least one FRI classification are included in the

table and in the analysis.

1 FRI classification | cases or controls whose status for FRI classification Il could not be determined because
of the masking of classification Il ename! surfaces, for example, by the presence of orthodontic bands or dental

restorations.

} Subjects who were fluorosis free on FRI classification Il surface zones, but were a fluorosis case based upon
other enamel surface zones were categorized as questionable, not as a control.

§ FRI classification Il cases or controls whose status for FRI classification | could not be determined because
of the masking of classification | enamel surfaces, for example, by the presence of orthodontic bands or dental

restorations.

1l Subjects who were fiuorosis free on FRIi classification | surface zones, but were diagnosed as other than flu-
orosis free on other enamel surface zones were categorized as questionable, not as a control.

# This table includes only subjects who were defined as a case or control under at least one of the FRI clas-
sifications and were thus included in subsequent risk factor analyses.

least one surface zone more severely affected with
enamel pitting or staining.

An analyses of crude odds ratios suggested a strong
association between enamel fluorosis and a history of
infant formula use in the form of powdered concen-
trate, as the main infant food source, especially during
the last quarter of the first year of life. As the main
source of food was highly correlated across the differ-
ent quarters of the first year, only the last quarter was
included in the regression models. However, initial
analyses indicated that there was no difference in the
risk of enamel fluorosis associated with whether the
formula was milk-based or soy-based. Therefore, these
types of formula were combined in the final multivar-
iate analyses. All of the respondents indicated that
they had helped their child brush during at least part of
the first 8 years. Therefore, parental help with tooth-
brushing was not found to be useful as a covariate.
However, this information was used in the determina-
tion of age at which toothbrushing began, which was
defined as either the reported age when brushing be-
gan or the age when the parent first began to help the
child brush, whichever came first. Preliminary analy-
ses further suggested that the amount of toothpaste
usually used and the daily frequency of toothbrushing
were strongly associated with enamel fluorosis. A
clear independent relation between the age at which
brushing began and enamel fluorosis was not found.
However, this variable was left in the model as a
covariate for the other toothbrushing variables. Over-
all, 27 percent of the subjects were inappropriately
supplemented sometime during the first 8 years. The

analyses of crude odds ratios suggested that supple-
mentation during the first 2 years was strongly asso-
ciated with enamel fluorosis.

Table 3 presents crude and logistic regression-
derived adjusted odds ratio estimates with 95 percent
confidence intervals for mild-to-moderate enamel flu-
orosis for both FRI classifications. The logistic regres-
sion-derived odds ratio estimates are adjusted for the
other variables in the table as well as for age, sex,
median household income, examiner, and age at which
toothbrushing began. The analyses revealed no signif-
icant interactions between any of the variables in the
model.

Table 3 shows that a history of infant formula use in
the form of powdered concentrate as the main source
of food during the last quarter of the first year con-
veyed adjusted odds ratios of 4.33 and 10.77, for
mild-to-moderate enamel fluorosis on FRI classifica-
tion I and classification II enamel surface zones, re-
spectively, compared with subjects who did not use
formula as the main source of food during this period.
This result was statistically significant for fluorosis on
the FRI classification II enamel surface zones. The test
for trend was borderline statistically significant for the
FRI classification I enamel surfaces (p = 0.05) and
highly significant for the FRI classification II enamel
surfaces (p = 0.002). The test for deviation from
linearity was nonsignificant for both FRI classification
analyses.

Table 3 shows that a history of usually brushing
with more than a pea size amount of toothpaste with a
frequency of more than once per day conveyed statis-
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TABLE 3. Crude and adjusted* odds ratio (OR) estimates with 95% confidence intervals (Cl) for mild-to-moderate enamel
fluorosis, stratified by the Fluorosis Risk Index (FRI) classification, by history of infant formula use, early toothbrushing habits,
fluoride supplementation, bottled water or tap filter usage, and ethnicity, for Connecticut children born between 1980 and 1983

who grew up in optimally fluoridated communities

FRI classtfication | FRI classification I!
Variable Cases Controls Crude Adjusted Cases Controls Crude Adjusted
(n1=112) (n=51) OR OR 9%Cl  (7_132) (n=56 OR OR 95% Cl

Formula use at months 10—-12¢

No formula used 64 38 1.00t 1.00%1 77 42 1.00f 1.00%1

Ready to feed 17 6 1.68 0.94 0.26-3.39 21 6 1.91 132 0.36-4.76

Liquid concentrate 19 5 2.26 2.24 0.53-9.48 17 6 1.55 244 0.60-9.92

Powdered concentrate 12 2 3.56 4.33 0.73-25.66 17 2 464 10.77 1.89-61.25
Early fluoride toothpaste use§

Pea size amount, once/day 7 5 1.00t 1.001 7 6 1.00t 1.00t

Pea size amount, >once/day 9 3 2.14 3.26 0.34-31.42 7 3 2.00 195 0.16-23.84

>Pea size amount, once/day 35 18 1.39 5.51 0.95-32.07 38 20 1.63 471 0.94-2375

>Pea size amount, >once/day 61 25 1.74 6.35 1.21-33.40 80 27 2.54 8.37 1.68-41.72
Supplemented year 1-2

No 90 49 1.00t 1.00% 110 54 1.00t 1.00t

Yes 22 2 5.99 5.95 1.06-33.53 22 2 5.40 10.83 1.90-61.55
Bottled water/tap filter use

No 106 43 1.00f 1.00t1 123 48 1.00% 1.001

Yes 6 8 0.30 0.22 0.04-1.11 9 8 0.44 035 0.09-1.35
Ethnicity

White 102 43 1.00t 1.00t 122 49 1.001 1.00t

Nonwhite 10 8 0.62 0.59 0.13-2.63 10 7 0.57 050 0.11-2.21

* Odds ratio estimates for each variable are adjusted for all of the other variables in the table, age, sex, median household income, age

at which toothbrushing began and dental examiner.
1 Reference category.

1 Milk and soy formulas combined. Test for trend was borderline statistically significant for the FRI classification | enamel surfaces (p =
0.05) and highly significant for the FRI classification Il enamel surfaces (p = 0.002). Test for deviation from linearity was nonsignificant for both

FRI classification analyses.

§ Amount of toothpaste usually used and daily frequency of toothbrushing during the first 8 years. Test for trend was of borderline signif-
icance for the FRI classification | analysis {p = 0.05) and highly significant for the FRI classification I} analysis (p = 0.003). Test for deviation
from linearity was again nonsignificant for both FRI classification analyses.

9 Used more than 2 of the 8 survey years.

tically significant adjusted odds ratios of 6.35 and
8.37, for mild-to-moderate enamel fluorosis on FRI
classification I and II enamel surface zones, respec-
tively, compared with subjects who usually used a pea
size amount of toothpaste and brushed only once per
day. Again, the test for trend was borderline signifi-
cant for the FRI classification I analysis (p = 0.05)
and highly significant for the FRI classification II
analysis (p = 0.003). The test for deviation from
linearity was again nonsignificant for both FRI clas-
sification analyses.

Table 3 also shows that a history of fluoride sup-
plement use throughout the first 2 years conveyed
statistically significant adjusted odds ratios of 5.95 and
10.83 for mild-to-moderate enamel fluorosis on FRI
classification I and classification II enamel surface
zones, respectively, compared with subjects who were
not supplemented during this period.

Table 3 further shows that a history of either bottled
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water or a tap water filter use for more than 2 of the 8
survey years conveyed nonsignificant adjusted odds
ratios of 0.22 and 0.35 for the two FRI classifications,
respectively. Similarly, being nonwhite conveyed non-
significant adjusted odds ratios of 0.59 and 0.50 for the
two FRI classifications, respectively.

DISCUSSION

The findings of this investigation present further
evidence indicating that specific patterns of fluoride
toothpaste use during the early years of life are
strongly associated with mild-to-moderate enamel flu-
orosis. Specifically, the usual use of greater than a pea
size amount of toothpaste when toothbrushing more
than once a day was found to be strongly associated
with enamel fluorosis. Our findings further suggest
that the amount of toothpaste used was of relatively
greater importance as a fluorosis risk factor than the






