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Background: It has been speculated that amoxicillin use
could be associated with dental enamel defects.

Objective: To assess the association between dental fluo-
rosis, one of the most common developmental tooth
enamel defects, and amoxicillin use during early child-
hood.

Design, Setting, and Participants: As participants
in the Iowa Fluoride Study, subjects were followed up
from birth to 32 months using questionnaires every 3 to
4 months to gather information on fluoride intake and
amoxicillin use.

Methods: Early-erupting permanent teeth of 579 sub-
jects were assessed for fluorosis using the Fluorosis Risk
Index at approximately the age of 9 years. Relationships
between fluorosis and amoxicillin use were assessed us-
ing relative risk (RR), Mantel-Haenszel stratified analy-
ses, and multivariable logistic regression.

Results: Amoxicillin use was reported by 75% of sub-

jects by 12 months and 91% by 32 months. Overall,
24% had fluorosis on both maxillary central incisors.
Amoxicillin use from 3 to 6 months significantly in-
creased the risk of fluorosis on the maxillary central in-
cisors (RR=2.04; 95% confidence interval [CI], 1.49-
2.78). After adjusting for fluoride intake and otitis
media, the risk of fluorosis on the maxillary central in-
cisors from amoxicillin use during 3 to 6 months (Man-
tel-Haenszel RR=1.85; 95% CI, 1.20-2.78) was still sta-
tistically significant. Multivariable logistic regression
analyses confirmed the increased risk of fluorosis from
amoxicillin use during 3 to 6 months (odds ratio=2.50;
95% CI, 1.21-5.15); fluoride intake was also statistically
significant.

Conclusion: The findings from this study suggest a link
between amoxicillin use during infancy and develop-
mental enamel defects of permanent teeth; however, fur-
ther research is needed.
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M ANY ANTIBIOTICS HAVE

been introduced and
are commonly pre-
scribed for childhood
infections.1,2 Some an-

tibiotics, such as tetracyclines, clearly in-
fluence the development of the tooth.
However, little is known regarding the ef-
fects of most drugs in this therapeutic class.
Amoxicillin is one of the most common
antibiotics used among pediatric pa-
tients, mainly for the treatment of otitis me-
dia,2-5 and even a small effect on dental
enamel could have a significant effect on
the public’s dental health because of its
widespread use.

Dental enamel is the hardest, most min-
eralized tissue in the human body and its
formation is a complex, highly con-
certed, and well-programmed biominer-

alization process.6-8 Enamel develops from
a highly organic extracellular matrix (20%
by weight) into the hardest body tissue
(�1% organic material). Studies have
shown that the developing enamel is par-
ticularly sensitive to disruptions from ex-
ternal factors, resulting in different types
of enamel defects.9,10 Dental fluorosis is one
of the most common developmental
enamel defects, which results from expo-
sure to excessive fluoride during enamel
formation. Its histopathologic character-
istic is hypomineralization of tooth enamel
and the clinical signs range from barely no-
ticeable white flecks to confluent pits and
undesirable dark brown stains. For the
early-erupting permanent dentition, the
age for possible fluorosis development has
been generally considered to be the first
3 to 4 years of life.11

It has been suggested that amoxicillin use
is associated with developmental enamel de-
fects (Eduardo Simoes, MD, Dean Perkins,
DDS, Patrick Phillips, DVM, et al, written
communication, February 2002),12,13 par-
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ticularly diffuse opacities. These diffuse opacities, pos-
sibly due to enamel hypomineralization, appear clini-
cally similar to dental fluorosis, but are different from
tetracycline staining. Using data collected in the Iowa
Fluoride Study, we reported the association between pri-
mary tooth fluorosis and amoxicillin use during the first
year of life.14 A significant risk for primary tooth fluoro-
sis from amoxicillin use during early infancy was de-
tected only in bivariate, not multivariable, analyses, and
the evidence was not conclusive.14 However, the period
of enamel development for primary teeth is largely pre-
natal, while intake of a high level of fluoride could oc-
cur postnatally. Also, the sample size was small and the
number of fluorosis cases available for primary tooth
analyses was few. Therefore, the purpose of this article
is to report on the association between dental fluorosis
of early-erupting permanent teeth and amoxicillin use
during the first 32 months of life.

METHODS

Data were collected as part of the Iowa Fluoride Study, a pro-
spective study investigating fluoride exposures, biological and
behavioral factors, and children’s dental health.5,14-18 Using in-
stitutional review board–approved informed consent proce-
dures, 1390 subjects were successfully recruited at birth from
8 Iowa hospitals from March 4, 1992, to February 2, 1995, and
subjects were excluded if they were too ill to participate. Vari-
able numbers of participants responded to each question-
naire. Although this cohort was not randomly selected, the par-
ticipants were generally representative of children in Iowa. There
were 698 subjects who received dental examinations of the pri-
mary dentition, and 579 who received examinations of the early-
erupting permanent teeth. Therefore, among the 1390 at 6
months of age, the mean annual attrition rate was 6.5%. Demo-
graphic characteristics at baseline were described in detail pre-
viously.14,15 Briefly, this cohort is preponderantly white (about
98%), 51% female, and from families of relatively high socio-
economic status (71% having family income of �$30 000 and
46% of mothers having completed 4 years of college); 44% were
first children, 32% had breast fed for at least 6 months, only
4% had low birth weight, and 3% had developmental disor-
ders. Subjects who continued participation in the study and
completed the mixed dentition examination were more often
white (98% vs 91% for dropouts), were more educated (45%
of mothers with college degrees vs 26%), had higher family in-
comes (33% �$50 000 vs 18%), and had older parents (mean

age of mothers, 30 vs 26 years; mean age of fathers, 32 vs 30
years).

Questionnaires were sent to parents at 3- and 4-month inter-
vals, from the child’s birth to 32 months of life, assessing fluo-
ride intake from various sources, antibiotic use, children’s ill-
nesses, and breastfeeding patterns. Data collection details have
been described previously.5,14-16 Fluoride intake in milligrams per
kg body weight per day was estimated from water, beverages, and
selected food; dietary fluoride supplement; and fluoride denti-
frice based on responses to a series of detailed questions.17 Par-
ents were asked to identify specific antibiotics that were pre-
scribed and given to the child by selecting from a list of commonly
used antibiotics.14 Parents reported whether antibiotics were ad-
ministered systemically, orally, or topically, the number of epi-
sodes of illnesses for which antibiotics were used, and the num-
bers of days of any antibiotic use during a reporting period. If more
than one antibiotic was used during a reporting period, the num-
bers of days of amoxicillin use were estimated by adjustment for
the use of other concomitant antibiotics.14 Topical antibiotics were
excluded from the analyses. Parents were also asked to report the
occurrence of selected illnesses for which antibiotics were pre-
scribed during the previous reporting period,5,14 using a list of ill-
nesses provided.14

Traditionally, diffuse opacities of tooth surfaces have been
called “dental fluorosis” since excessive fluoride ingestion is the
most common cause. The original, primary purpose of the Iowa
Fluoride Study has been to study fluoride intake/exposure and
dental fluorosis, and, thus, we follow the tradition of using the
term dental fluorosis for the condition of diffuse opacities on tooth
surfaces. We assessed them in a manner similar to previous epi-
demiological studies, using visual examinations only, without
using questionnaire data and history to define cases. The Fluo-
rosis Risk Index (FRI) was chosen to assess this condition be-
cause of its advantages in the analytical epidemiological studies
of dental fluorosis.19 Children (N=579; 297 females and 282
males) were examined for dental fluorosis on early-erupting per-
manent teeth (incisors and first molars) at about 8 through 10
years of age (mean age, 9.2 years) by 2 trained and calibrated
examiners (J.J.W. and another examiner) using the FRI. The ex-
aminers were blind to questionnaire information on fluoride in-
take, childhood infections, and antibiotic use.19 All 12 early-
erupting permanent teeth were examined for each subject: 4
mandibular incisors, 4 maxillary incisors, and 4 first molars. A
mouth mirror and examination light were used, and teeth were
dried slightly with gauze. Fluorosis was differentiated from non-
fluorosis opacities based on Russell’s criteria20 and from “white
spot” carious lesions based on color, texture, demarcation, and
relationship to the gingival margin.18 Using the FRI, 3 zones (in-
cisal edge, incisal third, and middle third) of facial surfaces were
assessed separately for these early-erupting permanent teeth, with
FRI scoring criteria differentiating no fluorosis, questionable
fluorosis (�50% of zone with white striations), definitive fluo-
rosis (�50% of zone with white striations, Figure 1), and se-
vere fluorosis (zone displays pitting, staining, and/or defor-
mity, Figure 2).19 Analyses were conducted defining cases vs
noncases, both limited to incisal edges of maxillary central in-
cisors only (FRI zone I) and separately using 3 zones of max-
illary central incisors. Person level interexaminer reliability was
85.7% agreement (�=0.72) for permanent incisors and 88.2%
(�=0.60) for permanent first molars.

A dental fluorosis case was defined as having FRI definitive
to severe fluorosis on both maxillary central incisors; control
subjects had fluorosis on neither of these incisors. All other sub-
jects with any FRI questionable fluorosis were excluded as well
as subjects whose relevant zones could not be scored because
of reasons such as incomplete eruption. Subjects with only one
maxillary central incisor having fluorosis were also excluded.
In this way, these analyses included only individuals with de-

Figure 1. Teeth showing definitive, mild fluorosis of the incisal zones, typical
of Fluorosis Risk Index score 2.
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finitive to severe fluorosis and those without fluorosis with a
high degree of certainty of the diagnosis.

Exposure to amoxicillin therapy was first categorized into
“yes” or “no” groups for individual and cumulative periods. Also,
its use was categorized into mutually exclusive groups for the
first year of life, including those who never used amoxicillin
during the first year, sole use during birth to 3 months, sole
use during 3 to 6 months, sole use during 6 to 9 months, sole
use during 9 to 12 months, and multiple period use during the
first year. The estimated daily average fluoride intake was cat-
egorized into tertiles (low, middle, and high fluoride intakes)
based on the frequency distribution of average fluoride intake
for each period.

The associations between fluorosis on both maxillary cen-
tral incisors and amoxicillin use were first assessed using �2 tests
and then Mantel-Haenszel stratified analyses controlling for fluo-
ride intake and otitis media. Relative risks (RRs) and 95% con-
fidence intervals (CIs) were calculated. Breslow-Day tests as-
sessed the homogeneity of the RRs of amoxicillin use across
the strata. The association between fluorosis on both maxil-
lary central incisors and fluoride intake was also assessed.

Use of other antibiotics (cephalosporins, penicillins, sul-
fas, erythromycins, and a combination of erythromycin ethyl-
succinate and sulfisoxazole acetyl [Pediazole; Ross Laborato-
ries, Division of Abbott Laboratories, Columbus, Ohio]) and
other factors, including sex, family income at baseline
(�$20 000, $20 000-$39 999, �$40 000), mother’s age at birth
of child, mother’s educational level at baseline (up to high school,
some college, college graduate or higher), birth weight (�2.5
kg or �2.5 kg), illness during the first year (yes/no), develop-
mental disorders (yes/no), and breastfeeding (�6 vs �6 months),
were also assessed for individual association with fluorosis by
�2 tests. Variables with P�.10 in bivariate analyses were se-
lected for multivariable logistic regression, and the main ef-
fects and 2-way interactions between them were assessed and
odds ratios (ORs) were obtained. Adjusted RRs were com-
puted using an analogous multivariable log-binomial regres-
sion model using the PROC GENMOD procedure of SAS (SAS
Institute Inc, Cary, NC).21 Sensitivity analyses were con-
ducted to assess the effects of the subjects with questionable
fluorosis. The statistically significance level was �=.05. Data
were analyzed with SAS statistical software for Windows ver-
sion 9.1.2 (SAS Institute Inc).

RESULTS

Considering 3 zones on the maxillary central incisors,
139 subjects (24%) (only 3 subjects had severe fluoro-
sis) had fluorosis on both maxillary central incisors, 45
(8%) had fluorosis on 1 maxillary central incisor, 214
(37%) were questionable fluorosis cases, and 181 (31%)
had no fluorosis. Considering only incisal edges (FRI zone
I), the corresponding numbers are 115 (20%), 42 (7%),
130 (22%), and 292 (51%), respectively. Subsequent
analyses focus primarily on the 407 subjects having either
fluorosis on incisal edges of 2 maxillary central incisors
or no fluorosis on either of 2 maxillary central incisors.

Period-specific amoxicillin exposure was substantial
in this cohort of 407 subjects, increasing from 18.6% (0-3
months) to 41.0% (12-16 months), before declining to
21.2% (28-32 months). Cumulatively, 43.6% had amoxi-
cillin use from birth to 6 months, 74.5% by 12 months,
86.5% by 20 months, and 91.8% by 32 months.

From bivariate analyses, amoxicillin use during 3 to 6
months (RR=2.04; 95% CI, 1.49-2.78) and cumulatively

birth to 6 months (RR=1.92; 95% CI, 1.35-2.70) and birth
to 9 months (RR=1.75; 95% CI, 1.15-2.70) were signifi-
cantly associated with fluorosis. In addition, analyses us-
ing the mutually exclusive amoxicillin-use groups showed
that sole use from 3 to 6 months (RR=1.53; 95% CI, 1.44-
4.41) and multiple periods of amoxicillin use in the first
year of life (RR=1.20; 95% CI, 1.03-4.38) significantly in-
creased the risk of fluorosis on both maxillary central in-
cisors when compared with those who never used amoxi-
cillin during the first year of life. Parallel results using all 3
zones found similar results (3-6 months RR=1.72; 95% CI,
1.33-2.51; cumulatively0-6monthsRR=1.69;95%CI,1.27-
2.17; and 0-9 months RR=1.43; 95% CI, 1.03-2.00). Most
individual periods and almost all cumulative periods of fluo-
ride intake were significantly associated with fluorosis on
the maxillary central incisors.

Otitis media accounted for 60% to 82% of childhood
illnesses, depending on the reporting period. Also, amoxi-
cillin use was strongly related to the treatment of otitis
media, accounting for 73% to 84% of antibiotics pre-
scribed for the treatment of otitis media during the first
year of life. Otitis media during 3 to 6 months (RR=1.78;
95% CI, 1.30-2.43) and cumulatively from birth to 6
months (RR=1.54; 95% CI, 1.10-2.17) were signifi-
cantly associated with fluorosis on the maxillary central
incisors (data not shown).

Using Mantel-Haenszel stratified analyses, the effect of
amoxicillin use on fluorosis of the maxillary central inci-
sors was assessed jointly controlling for fluoride intake and
otitis media (Table 1). The risks of fluorosis on incisal
edges of both maxillary central incisors for amoxicillin use
during 3 to 6 months (RR=1.85; 95% CI, 1.20-2.78) and
cumulatively birth to 6 months (RR=1.85; 95% CI, 1.25-
2.70) and birth to 9 months (RR=1.79; 95% CI, 1.10-
2.94) remained significant after stratification. Breslow-
Day test results consistently showed homogeneity of the
RRs for amoxicillin use across levels of daily fluoride in-
take and otitis media, indicating no significant 3-way in-
teractions among amoxicillin use, fluoride intake, and oti-
tis media. Relative risks for amoxicillin use were generally
higher among those without otitis media than those with
otitis media across different levels of fluoride intake. Par-
allel analyses using all 3 zones found generally similar re-
sults (3-6 months RR=1.92; 95% CI, 1.32-2.78; cumula-
tively 0-6 months RR=1.72; 95% CI, 1.18-2.56).

Figure 2. Teeth showing severe fluorosis; that is, displaying pitting, staining,
and/or deformity.
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The other classes of antibiotics were not found to be
significantly associated with fluorosis on both maxillary
central incisors at �=.05. Other factors were as follows:
female (RR=1.02, P=.99); family income at baseline (low
vs others, RR=1.18, P=.47); mother’s age at birth of child
(�30 vs others, RR=0.88, P=.10); mother’s educational
level at baseline (up to high school vs others, RR=1.07,
P=.58); low birth weight (RR=1.34, P=.31); illness dur-
ing the first year (RR=1.32, P=.37); developmental dis-
orders (RR=1.00, P=.99); and breastfeeding fewer than
6 months (RR=1.39, P=.07).

Individual variables with P�.10 in the bivariate assess-
ment were chosen for multivariable logistic regression analy-
ses: amoxicillin use during 3 to 6 months (yes/no), otitis
media during 3 to 6 months (yes/no), breastfeeding dur-
ing the first year of life (�6 months vs �6 months), and
daily average fluoride intake during the first year of life (low,
middle, and high levels). Table 2 gives logistic regres-
sion analysis with fluorosis on both incisal edges and these
4 explanatory variables. Amoxicillin use during 3 to 6
months (OR=2.50; 95% CI, 1.21-5.15) was still signifi-
cantly associated with fluorosis on the maxillary central in-
cisors after controlling for other risk factors. A high level
of fluoride intake during the first 12 months was also sig-
nificantly related to fluorosis on maxillary central incisors
(OR=6.00; 95% CI, 2.58-13.99), but other factors were not
statistically significant. No significant 2-way interactions

were detected. Adjusted RR for amoxicillin use during 3
to 6 months computed using a multivariable log-binomial
regression model was 1.78 (95% CI, 1.04-3.06).

In sensitivity analyses using multivariable logistic re-
gression controlling for other potential factors (fluoride in-
take, otitis media, and breast-feeding), the OR for amoxi-
cillin use was 2.08 (95% CI, 1.09-3.94) when questionable
fluorosis cases were considered nonfluorosis and 2.14 (95%
CI, 1.24-3.69) when questionable was considered as a case.
The corresponding adjusted RRs were 1.65 (95% CI, 1.09-
2.97) and 1.45 (95% CI, 1.10-1.92), respectively.

Similar results were obtained from the assessment of
the association between fluorosis on 2 or more first mo-
lars and amoxicillin use. Briefly, amoxicillin use from birth
to 6 months was significantly associated with first mo-
lar fluorosis (Mantel-Haenszel adjusted RR=2.08; 95%
CI, 1.27-3.45 after controlling for fluoride intake and oti-
tis media; OR=3.10; 95% CI, 1.55-6.17 in multivariable
logistic regression; and adjusted RR=1.82; 95% CI, 1.04-
3.18 in the multivariable log-binomial regression model).

COMMENT

The primary purpose of this study was to assess the pos-
sible relationship between early-erupting permanent tooth

Table 1. Summary of Mantel-Haenszel Stratified Analyses for Effects of Amoxicillin Use on Fluorosis of Both Maxillary Central
Incisors* After Jointly Controlling for Daily Average Fluoride Intake† and Otitis Media‡ During the First Year of Life

Age
Otitis
Media

Fluorosis Prevalence and RRs (95% CI) From Amoxicillin Use Relative to No
Amoxicillin Use Stratified by Average Fluoride Intake and Otitis Media (N = 407)§

Mantel-
Haenszel RRs
Adjusted for

Daily Fluoride
Intake and Otitis
Media (95% CI)

P Value of
Cochran–Mantel-
Haenszel Test for
Mantel-Haenszel

RR
Fluoride Intake

Level

Amoxicillin Use

RR (95% CI)||No Yes

3 mo to 6 mo No Low 12.31 (8/65) 0 (0/3) NA 1.85 (1.20-2.78) .005
Mid 26.32 (15/57) 57.14 (4/7) 2.17 (1.001-4.79)
High 20.45 (9/44) 66.67 (4/6) 3.22 (1.45-7.14)

Yes Low 4.76 (1/21) 19.23 (5/26) 4.00 (0.51-33.33)
Mid 22.22 (2/9) 41.38 (12/29) 1.85 (0.51-6.67)
High 46.15 (6/13) 56.76 (21/37) 1.23 (0.64-2.38)

Birth to 6 mo No Low 10.00 (6/60) 25.00 (2/8) 2.50 (0.60-1.03) 1.85 (1.25-2.70) .003
Mid 24.53 (13/54) 54.55 (6/11) 2.22 (1.09-4.55)
High 19.05 (8/42) 62.50 (5/8) 3.33 (1.45-7.69)

Yes Low 0 (0/10) 16.22 (6/37) NA
Mid 40.00 (2/5) 36.36 (12/33) 0.91 (0.28-2.94)
High 50.00 (4/8) 54.76 (23/42) 1.10 (0.52-2.33)

Birth to 9 mo No Low 6.25 (2/32) 17.65 (6/34) 2.86 (0.61-14.29) 1.79 (1.10-2.94) .02
Mid 20.59 (7/34) 35.71 (10/28) 1.72 (0.76-4.00)
High 17.24 (5/29) 38.10 (8/21) 2.22 (0.84-5.88)

Yes Low 0 (0/6) 10.26 (4/39) NA
Mid 40.00 (2/5) 35.48 (11/31) 0.89 (0.29-2.86)
High 50.00 (1/2) 53.19 (35/47) 1.06 (0.26-4.35)

Abbreviations: CI, confidence interval; RR, relative risk.
*Fluorosis case defined as fluorosis present on incisal edges (Fluorosis Risk Index zone I) of both maxillary central incisors.
†Fluoride intake was categorized using tertiles of the frequency distribution based on daily combined average fluoride intake in milligrams of fluoride per

kilogram of body weight per day from drinking water, beverages, and selected foods; dietary fluoride supplements; and fluoride dentifrice ingestion during the first
year of life.

‡Otitis media was categorized into yes vs no groups during the first year of life.
§Analyses were conducted on the 407 subjects either having fluorosis on incisal edges of both maxillary central incisors or no fluorosis on either of the 2

maxillary central incisors. The numbers of subjects who did not return questionnaires varied at each period.
||For all 3 periods, Breslow-Day tests for homogeneity of the RRs across the 6 rows of fluoride intake and otitis media combinations were nonsignificant (all 3

P �.40), indicating no significant interactions among amoxicillin use, fluoride intake, and otitis media.
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fluorosis and amoxicillin use during early childhood. The
results show that amoxicillin use during early infancy
seems to be linked to dental fluorosis on both perma-
nent first molars and maxillary central incisors. Dura-
tion of amoxicillin use was related to the number of early-
erupting permanent teeth with fluorosis. The significantly
elevated risk for dental fluorosis associated with amoxi-
cillin use during early infancy was found at all levels of
statistical analyses, even after controlling for other po-
tential risk factors, such as fluoride intake, otitis media
infections, and breastfeeding. The significance of amoxi-
cillin use as a risk factor was supported by both the analy-
sis on the basis of logistic regression model using the OR,
and by analyses on the basis of the log-binomial regres-
sion model using the RR. Regardless of which of the 2
modeling approaches was used, the same conclusions were
drawn regarding the significance (and nonsignificance)
of the potential explanatory variables.

The assessment of confounding and interactions at dif-
ferent levels consistently indicated that the effects of
amoxicillin use were independent of other risk factors,
such as fluoride intake and otitis media. This was con-
sistent with the findings from our analyses concerning
primary teeth14 and might suggest that the effects of amoxi-
cillin came largely from its own influence on enamel for-
mation, although the mechanism of action is unclear.

Subjects without otitis media generally had higher risk
for fluorosis from amoxicillin use, although the differ-
ences were not statistically significant. This suggests that
the effects of amoxicillin use were independent of and
different from those of otitis media. However, because
of the design of this study, only the illnesses with anti-
biotic treatment were reported by parents and used for
analyses. Information about other illnesses that did not
require antibiotics, such as isolated fevers or colds, was
not gathered; therefore, their effects were unknown. In
addition, because otitis media could have gone undiag-
nosed or, after diagnosis, prescriptions for treatment of
otitis media might not have been filled, results could have
underestimated any possible association between otitis
media and fluorosis.

The period of amoxicillin use important to fluorosis
on early-erupting permanent teeth was found to be within
the first year of life, particularly the first 6 months. There-
fore, the window of opportunity for amoxicillin use to
affect enamel formation of maxillary central incisors seems
to be quite narrow. Amelogenesis is one of the most re-
markable examples of biomineralization7,8 and consists
broadly of 3 stages: proliferation and differentiation of
enamel-forming cells (ameloblasts), secretion of the ex-
tracellular matrix, and mineralization of the extracellu-
lar matrix. Developing enamel distinguishes itself from
other biological mineralizing systems, such as bone and
dentin, in that most organic matrix proteins are re-
moved during the maturation stages of amelogen-
esis.22,23 The enamel matrix proteins provide the frame-
work for mineralization and play a significant role in
nucleation, crystal orientation, and crystal growth.22 Our
results showed that amoxicillin use early during the first
year of life seems to be linked to fluorosis-like enamel
defects on maxillary central incisors. Considering the de-
velopmental stages of enamel formation of maxillary cen-

tral incisors, we speculate that the critical stages for the
effects of amoxicillin could be the secretory stages. For
example, amoxicillin use could reduce gene expression
of matrix proteins (such as amelogenins) or decrease the
activity of proteinases that hydrolyze matrix pro-
teins.9,10 However, the delineation of the exact mecha-
nisms requires further study. Furthermore, the cause of
developmental enamel defects, such as dental fluorosis,
might be complex and many other factors, such as mal-
nutrition, could contribute to the development of this type
of enamel anomaly.24-26

Although this was a well-designed, longitudinal epi-
demiological study, limitations must be acknowledged,
including use of a convenience sample, relatively high
socioeconomic status, and use of self-administered ques-
tionnaires without direct verification. There were few com-
plete nonusers of amoxicillin, restricting assessment
among mutually exclusive groups of amoxicillin use and
making it difficult to control for the cumulative effects
of amoxicillin use from previous periods, possibly com-
promising detection of the importance of individual pe-
riods. Although the analyses indicated an independent
effect from amoxicillin use, children who took amoxi-
cillin during infancy tended to have higher fluoride in-
take. However, our analyses suggested that this associa-
tion was not due to socioeconomic status, such as family
income and parents’ educational levels, and thus the un-
derlying reasons were unclear. As mentioned, illnesses
were reported only if they were associated with antibi-
otic use and, thus, could underestimate their occur-
rence. Information on fevers and fever-reducing medi-
cation was not collected. In addition, there were
incomplete (missing) questionnaire data for many indi-

Table 2. Logistic Regression Analyses for Fluorosis*
and 4 Predictor Variables (N = 332)†

Variable

Likelihood Ratio Test for Full Model‡:
N = 332, P�.001

Risk Group OR (95% CI)
P

Value

Amoxicillin use from
3-6 mo

Yes 2.50 (1.21-5.15) .01

Otitis media infection
during 3-6 mo

Yes 1.18 (0.57-2.44) .65

Breastfeeding during
first year

�6 mo 1.72 (0.82-3.57) .15

Average daily fluoride
intake during first
12 mo§

High level 6.00 (2.58-13.99) �.001

Middle level 1.35 (0.75-2.45) .35

Abbreviations: CI, confidence interval; OR, odds ratio.
*Fluorosis case defined as fluorosis present on incisal edges (Fluorosis

Risk Index zone I) of both maxillary central incisors.
†Analyses were conducted on the 407 subjects either having fluorosis on

incisal edges of both maxillary central incisors or no fluorosis on either of
the 2 maxillary central incisors. The numbers of subjects who did not return
questionnaires varied at each period.

‡No significant 2-way interactions were found.
§Fluoride intake was categorized using tertiles of the frequency

distribution based on daily combined average fluoride intake in milligrams of
fluoride per kilograms of birth weight per day from drinking water,
beverages, and selected foods; dietary fluoride supplements; and fluoride
dentifrice ingestion during the first year of life.
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viduals during some reporting periods, which is unavoid-
able in longitudinal studies. Some individuals left the
study, so that the results could be different if all chil-
dren had remained in the study. Therefore, our results
suggest a link between amoxicillin use and fluorosis-
like enamel defects, but the findings are not conclusive
because of the substantial limitations of the study. There
is a need for further research, such as animal studies, his-
topathologic studies, and well-designed cohort studies.

The findings suggest that amoxicillin use in infancy could
carry some heretofore undocumented risk to the develop-
ing teeth. Fluorosis or fluorosis-like opacities of the per-
manent teeth are typically much less esthetically objec-
tionable than tetracycline staining, and most mild fluorosis
isnot aconcern.However, several recent studies have shown
that lay people readily notice tooth surfaces affected by mild
fluorosis.27,28 Clearly, additional laboratory and clinical stud-
ies, such as controlled animal studies with specified amoxi-
cillin dosages, chemical analysis and histological exami-
nation of affected teeth, and additional well-designed
epidemiological studies, are needed to confirm the re-
sults. While the results of this one study do not warrant
recommendations to cease use of amoxicillin early in life,
they do further highlight the need to use antibiotics judi-
ciously, particularly during infancy. Moreover, new guide-
lines for management of acute otitis media stress that 80%
of children’s ear infections resolve without antibiotics with
no increased risk for serious infections,29 so that the deci-
sion for antibiotic therapy often is not justified. Further,
injudicious use of antibiotics could increase risk of anti-
biotic resistance, and antibiotic use was recently linked to
atopic disorders such as asthma30 and, although not veri-
fied, also to breast cancer in one report.31 Therefore, anti-
biotic use needs special caution and justification among in-
fants and young children because they are in the critical
stages of development and growth.

Accepted for Publication: May 6, 2005.
Correspondence: Steven M. Levy, DDS, MPH, Depart-
ment of Preventive and Community Dentistry, Univer-
sity of Iowa College of Dentistry, Iowa City, IA 52242-
1010 (steven-levy@uiowa.edu).
Funding/Support: This study was supported by the grants
R01-DE09551, P30-DE10126, R01-DE12101, and M01-
RR00059 from National Institutes of Health.
Role of the Sponsor: The sponsors of this study had no
role in study design, data collection, data analysis, data
interpretation, or writing of the report.
Previous Presentation: This study was presented in part
at the 82nd Annual Meeting of the International Asso-
ciation for Dental Research; March 12, 2004; Honolulu,
Hawaii.
Additional Information: The corresponding author has
full access to all the data in the study and takes respon-
sibility for the integrity of the data and the accuracy of
the data analyses, and has final responsibility for the de-
cision to submit for publication.
Acknowledgment: We thank all participants and staff of
the Iowa Fluoride Study who participated in the study.
This article was based on a dissertation submitted for par-
tial fulfillment of requirements for the PhD degree in Oral
Science at the University of Iowa.

REFERENCES

1. Sabella C, Goldfarb J. Penicillin-resistant pneumococcal infections. Clin Pediatr
(Phila). 1999;38:607-608.

2. McCaig LF, Hughes JM. Trends in antimicrobial drug prescribing among office
based physicians in the United States. JAMA. 1995;273:214-219.

3. Van Houten MA, Laseur M, Kimpen JL. Shift in antibiotic prescribing patterns in
relation to antibiotic expenditure in paediatrics. Eur J Pediatr. 1998;157:479-
481.

4. Bergus GR, Levy BT, Levy SM, Slager SL, Kiritsy MC. Antibiotic use during the
first 200 days of life. Arch Fam Med. 1996;5:523-526.

5. Bergus GR, Levy SM, Kirchner HL, Warren JJ, Levy BT. A prospective study of
antibiotic use and associated infections in young children. Paediatr Perinat
Epidemiol. 2001;15:61-67.

6. Verbeeck RMH. Minerals in human enamel and dentin. In: Driessens ECM, Wolt-
gens JHM (eds). Tooth Development and Caries. Boca Raton, Fla: CRC Press
Inc; 1986:96-97.

7. Woltgens JHM. Normal and abnormal development of the tooth. In: Driessens
ECM, Woltgens JHM (eds). Tooth Development and Caries. Boca Raton, Fla: CRC
Press Inc; 1986:1-13.

8. Fincham AG. Moradian-Oldak, Simmer JP. The structural biology of the devel-
oping dental enamel matrix. J Struct Biol. 1999;126:270-299.

9. Paine ML, Zhu DH, Luo W, et al. Enamel biomineralization defects result from
alterations to amelogenin self-assembly. J Struct Biol. 2000;132:191-200.

10. Simmer JP. Hu JC. Expression, structure, and function of enamel proteinases.
Connect Tissue Res. 2002;43:441-449.

11. Pendrys DG. Analytical studies of enamel fluorosis: methodological considerations.
Epidemiol Rev. 1999;21:233-246.

12. Fuchs DJ. Enamel defects: hypocalcification and hypoplasia: the “amoxicillin gen-
eration” display defects in enamel rod development. ADA News. August 15, 2000;
§31:9.

13. Does amoxicillin mottle enamel? ADA News. January 22, 2001;§32:14-15.
14. Hong L, Levy SM, Warren JJ, et al. Primary tooth fluorosis and amoxicillin use

during infancy. J Public Health Dent. 2004;64:38-44.
15. Levy SM, Kiritsy MC, Slager SL, Warren JJ, Kohout FJ. Patterns of fluoride den-

tifrice use among infants. Pediatr Dent. 1997;19:50-55.
16. Levy SM, Kiritsy MC, Slager SL, Warren JJ. Patterns of dietary fluoride supple-

ment use during infancy. J Public Health Dent. 1998;58:228-233.
17. Levy SM, Warren JJ, Davis CS, Kirchner HL, Kanellis MJ, Wefel JS. Patterns of fluo-

ride intake from birth to 36 months. J Public Health Dent. 2001;61:70-77.
18. Slayton RL, Warren JJ, Kanellis MJ, Levy SM, Islam M. Prevalence of enamel

hypoplasia and isolated opacities in the primary dentition. Pediatr Dent. 2001;
23:32-36.

19. Pendrys DG. The Fluorosis Risk Index: a method for investigating risk factors.
J Public Health Dent. 1990;50:291-299.

20. Russell AL. The differential diagnosis of fluoride and non-fluoride enamel opacities.
J Public Health Dent. 1961;21:143-146.

21. McNutt LA, Wu C, Xue X, Hafner JP. Estimating the relative risk in cohort stud-
ies and clinical trials of common outcomes. Am J Epidemiol. 2003;157:940-
943.

22. Glimcher MJ. Phosphopeptides of enamel matrix. J Dent Res. 1979;58B:790.
23. Lyaruu DM. The role of matrix proteins in pre-erupting mineralization of enamel.

In: Driessens ECM, Woltgens JHM (eds). Tooth Development and Caries. Boca
Raton, Fla: CRC Press Inc; 1986:35-52.

24. Li Y, Navia JM, Bian JY. Prevalence and distribution of developmental enamel
defects in primary dentition of Chinese children 3-5 years old. Community Dent
Oral Epidemiol. 1995;23:72-79.

25. Chen YX, Lin MQ, Xiao YD, Gan WM, Min D, Chen C. Nutrition survey in dental
fluorosis-affected areas. Fluoride. 1997;30:77-80.

26. Rugg-Gunn AJ, Al Mohammadi SM, Butler TJ. Malnutrition and developmental
defects of enamel in 2-6 years old Saudi boys. Caries Res. 1998;32:181-192.

27. McKnight CB, Levy SM, Cooper SE, Jakobsen JR. A pilot study of esthetic per-
ceptions of dental fluorosis vs selected other dental conditions. J Dent Child. 1998;
65:233-238.

28. Shulman JD, Maupome G, Clark DC, Levy SM. Perceptions of desirable tooth
color among parents, dentists and children. J Am Dent Assoc. 2004;135:595-
604.

29. American Academy of Pediatrics and American Academy of Family Physicians,
Subcommitee on Management of Acute Otitis Media. Diagnosis and manage-
ment of acute otitis media. Pediatrics. 2004;113:1451-1465.

30. Wickens K, Pearce N, Crane J, Beasley R. Antibiotic use in early childhood and
the development of asthma. Clin Exp Allergy. 1999;29:766-771.

31. Velicer CM, Heckbert SR, Lampe JW, Potter JD, Robertson CA, Taplin SH. An-
tibiotic use in relation to the risk of breast cancer. JAMA. 2004;291:827-835.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 159, OCT 2005 WWW.ARCHPEDIATRICS.COM
948

©2005 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


