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ABSTRACT

Background. Caries is the most common chronic disease among children. In Pennsylvania, a
comprehensive oral health Basic Screening Survey and assessment of the association between caries
and community water fluoridation (CWF) among children have not been conducted.

Methods. From 2021 through 2022, the first Basic Screening Survey was conducted among third-
grade students in Pennsylvania. Oral health and demographic data were collected. CWF data were
provided by the Pennsylvania Department of Environmental Protection. The relative risk of
developing caries in association with CWF was assessed using the GENMOD procedure in SAS,
Version 9.4 (SAS Institute) in this cross-sectional study.

Results. Caries prevalence was 59.7% among 4,120 screened students. Participation in the free or
reduced lunch program and CWF were each significantly associated with risk of developing caries
after adjustment for age, sex, and race and ethnicity. The risk of developing caries was 33% higher
among students who participated in the free or reduced lunch program than those who did not
participate (relative risk, 1.33; 95% CI, 1.24 to 1.42). Students with the highest CWF coverage had
a nearly 16% lower risk of developing caries than those without CWF coverage (relative risk, 0.84;
95% CI, 0.75 to 0.94).

Conclusions. CWF was significantly associated with a reduced risk of developing caries. Efforts are
needed to increase CWF coverage, along with promotion of oral health education and healthy
dietary habits among Pennsylvania children.

Practical Implications. Increasing CWF coverage will reduce caries burden among Pennsylvania
children. Although Pennsylvania has no state laws to regulate CWF, these findings are persuasive
for local municipalities to consider expanding CWF coverage.
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aries is the most common chronic disease among children in the United States.' It can cause
C various health issues, including pain and infections, which can lead to problems with eating,
speaking, and learning. Children with caries are more likely to miss school and receive lower
grades.' Caries occurs when foods containing sugar or other carbohydrates are consumed frequently
or stay on the teeth for a prolonged period and, in combination with bacteria, acid, and saliva, form
a plaque that adheres to the teeth. Over time, damage to the tooth enamel occurs and causes
cavities in the teeth.” Nearly one-half of children aged 2 through 19 years in the United States have
caries.” Black and Hispanic children are more likely to have caries than White children, and
children from low-income households are twice as likely to have caries as children from high-
income households.”’
Numerous factors can affect the development of caries. Although good oral hygiene practices can
prevent caries, unhealthy dietary habits, frequent snacking, and sugar-sweetened drink consumption

increase the risk of developing caries.”® In addition, oral health disparities according to race,
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ABBREVIATION KEY

ASTDD:

BSS:

CWEF:

NA:

The Association of
State and Territorial
Dental Directors.
Basic Screening
Survey.

Community water
fluoridation.

Not applicable.

ethnicity, and socioeconomics have been observed. A higher prevalence of caries has been reported
among children of racial and ethnic minority groups, such as non-Hispanic Black and Hispanic
groups and among children in lower-income households.™” The role of fluoride in relation to caries
has been discussed widely, especially community water fluoridation (CWF) and products containing
fluoride, such as toothpaste, mouthrinses, milk, and salt.'%" Fluoride was first added to a public
water system in the United States in 1945,'° and in 2020, nearly two-thirds of the US population
received water that met fluoridation standards.'” Several researchers have reported the beneficial
effects of CWF on prevention of caries.'” %! It is estimated that CWF can reduce caries by
approximately 25%.”"

In Pennsylvania, CWF was first adopted in Armstrong County in 1951, and many municipalities
have since adopted water fluoridation to prevent caries.”’ Nearly three-fifths of the Pennsylvania
population who use public water have access to fluoridated water. Although assessments of oral
health and the association between caries and CWF among children have been conducted in other
states and countries,' "**** such an assessment has not been conducted in Pennsylvania. During the
2021-2022 school year, the first oral health Basic Screening Survey (BSS), funded by the Centers
for Disease Control and Prevention and supported by the Association of State and Territorial
Dental Directors (ASTDD), was conducted among a large sample of third-grade students in
Pennsylvania. The objective of our study was to assess the association between the risk of devel-
oping caries and CWF among children in Pennsylvania. We hypothesized that children living in
higher CWF coverage areas had a lower risk of developing caries.

METHODS

During the 2021-2022 school year, the Pennsylvania Department of Health (DOH), in collabo-
ration with the Pennsylvania Coalition for Oral Health and the Pennsylvania Department of Ed-
ucation (PDE), conducted the first oral health BSS among third-grade students in Pennsylvania.
Public schools, including charter schools, were selected to participate. With technical support from
ASTDD, a statewide sample was drawn randomly, proportional to the school district size and
stratified according to the geographic region, and weights were calculated on the basis of the number
of students enrolled and the number of third-grade students screened in each school.”” Similar to
other states, this BSS included third-grade students only. The institutional review board at the
Pennsylvania DOH approved the BSS.

Screening information was shared with school administrators and consent forms were distributed
to parents. Parents could agree or decline to have their children participate. The BSS invitation was
initially sent to 80 schools and 74 chose to participate, yielding a participation rate of 92.5%. For
each school that participated, all third-grade students were screened, except those who were absent
on the screening day or whose parents declined to let them participate. Ten public health dental
hygiene practitioners and 2 certified school dental hygienists approved by the Pennsylvania DOH
and the PDE conducted the oral health screenings. All screeners received 2 online training sessions
from ASTDD. The curriculum was developed by ASTDD and Centers for Disease Control and
Prevention. After the training, ASTDD conducted an evaluation for calibration to minimize in-
consistencies among the screeners.

Four oral health indicators were assessed for each student by means of visual examination. These
indicators were untreated caries, treated caries, dental sealant application on permanent molars, and
dental treatment urgency. Untreated caries was defined as the observation of breakdown of the
enamel surface, including pits, fissures, and smooth tooth surfaces. Treated caries was defined as the
presence of any type of restoration, including a temporary restoration, or a tooth that was missing
because it had been extracted as a result of caries. Dental sealant application was defined as the
presence of at least 1 sealant on a permanent molar. Dental treatment urgency was the determi-
nation of how soon a treatment was needed.”® As in previous studies,'”!” the primary outcome
variable was caries, defined as either untreated or treated caries. A survey form was designed to
collect these 4 indicators and students’ basic information, including school name and student
identification number. PDE provided information on students’ sex, date of birth, race and ethnicity,
rural or urban location, and free or reduced lunch program status through matching the student
identification number in the PDE database. In Pennsylvania, a county is rural if the number of
people is fewer than 291 per square mile and a county is urban if the number of people is 291 or
more per square mile.”’
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The Pennsylvania Department of Environmental Protection provided the CWF data. For
confidentiality, school locations rather than students’ home locations were used to evaluate CWF.
School addresses were geocoded and matched with the CWF coverage area by the water treatment
facility. Because most students lived within a reasonable distance from the attending schools, a 5-
mile radius from each school was used to evaluate the coverage area of CWF. ArcGIS software
(ESRI) was used to calculate the coverage area for fluoridated and nonfluoridated water on the basis
of the supply area of water facilities within the 5 miles. A CWF coverage percentage was calculated
with the fluoridated water areas divided by the fluoridated and nonfluoridated water areas. The
percentage ranged from 0% (fluoridated water was unavailable) through 100% (all community
water was fluoridated).

In this cross-sectional study, areas without CWF were used as the reference group. In areas with
CWEF, the percentage of CWF coverage was categorized into tertiles to assess the association be-
tween CWF coverage and risk of developing caries. Relative risk (RR) was used to estimate the
likelihood of caries. The GENMOD procedure in SAS, Version 9.4 (SAS Institute) was used to
calculate the RR and the 95% CI as well as to test the trend of dose effect and interactions.”**’ Age
was calculated on the basis of date of birth and September 1, 2021. Age was grouped as 7 through 8
years and 9 through 11 years for data analysis. Age, sex, race and ethnicity, urban and rural location,
and free or reduced lunch program status (as a surrogate for poverty) were treated as confounding
factors. Race and ethnicity included non-Hispanic White, non-Hispanic Asian, non-Hispanic
Black, Hispanic, and other, as defined in the PDE database. Interactions between CWF coverage
and each of the confounding variables were tested using the GENMOD procedure in SAS, Version
9.4. Missing values for the following analytic variables were excluded from the analysis: age, sex,
race and ethnicity, free or reduced lunch status, urban or rural location, CWF, or caries. SAS,
Version 9.4 was used for all data analyses and ArcGIS software was used to calculate the CWF
coverage area of each water facility. All analyses were weighted and significance was determined at
P values less than .05. All percentages reported in the article were based on the weighted analyses.
With weighted analyses, the survey sample was representative of all third-grade students in public
schools, including charter schools, in Pennsylvania during the 2021 through 2022 school year.

RESULTS

Among 6,058 third-grade students in the 74 schools, 4,234 (69.9%) participated in the BSS. Of the
1,824 students (30.1%) who did not participate, 1,364 had parents who declined to let them
participate and 460 were absent on the screening day. Through matching of the student identifi-
cation number, PDE provided information on sex, date of birth, race and ethnicity, rural or urban
location, and free or reduced lunch program status for all 4,234 students. Among these 4,234
students, 114 (2.7%) were excluded from this study because of missing values. The remaining 4,120
students represented 30 of the 67 counties in Pennsylvania, including 15 urban counties and 15
rural counties. In the weighted analyses, the mean age of the screened students was 8.6 years,
ranging from 7.4 through 10.7 years; 50.4% were boys, 49.6% were girls, 63.3% were non-Hispanic
White, 15.5% were Hispanic, 9.2% were non-Hispanic Black, 8.7% were multiracial or other, and
3.2% were non-Hispanic Asian. Among the participating students, 49.8% were enrolled in free or
reduced lunch programs and 69.8% lived in urban counties.

Prevalence of caries was 59.7% (95% CI, 56.6% to 62.8%) among third-grade students in
Pennsylvania. Table 1 presents the prevalence of caries according to each of the characteristics of
students. Older students had a slightly higher prevalence of caries than younger students (60.8% vs
58.6%; P = .27). Prevalence was close between male and female students (59.3% vs 60.2%; P =
.61), and prevalence was lower among non-Hispanic White students (57.0%) than racial and ethnic
minority students (66.2% for non-Hispanic Asian students, 65.1% for non-Hispanic Black students,
64.8% for Hispanic students, and 62.5% for other racial and ethnic minority students). Prevalence
was significantly higher among students who participated in the free or reduced lunch program than
among students who did not participate (68.3% vs 51.3%; P < .0001). Prevalence was equivalent
between students living in rural and urban areas (60.3% vs 59.5%; P = .81). Prevalence was higher
among students who lived in areas without CWF (63.2%) than among students who lived in areas
with CWEF, although the difference was not statistically significant (P = .26, unadjusted analysis).

Table 2 presents the CWF coverage according to each of the characteristics of students sepa-
rately. The coverage did not differ among students classified according to age and sex. The coverage
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Table 1. Student characteristics according to presence of caries in Pennsylvania, 2021-2022.

CHARACTERISTIC* CARIES NO CARIES WEIGHTED P VALUE
Age, Y

7-8, unweighted no. (weighted %) 1,127 (58.6) 790 (41.4)

9-11, unweighted no. (weighted %) 1,378 (60.8) 850 (39.2) 27

Total no. 2,505 1,640

Sex

Male, unweighted no. (weighted %) 1,245 (59.3) 846 (40.7)

Female, unweighted no. (weighted %) 1,260 (60.2) 794 (39.8) 61

Total no. 2,505 1,640

Race and Ethnicity

Non-Hispanic White, unweighted no. (weighted %) 1,458 (57.0) 1,101 (43.0)

Non-Hispanic Asian, unweighted no. (weighted %) 96 (66.2) 50 (33.8)

Non-Hispanic Black, unweighted no. (weighted %) 271 (65.1) 142 (34.9)

Hispanic, unweighted no. (weighted %) 522 (64.8) 263 (35.2) 01
Other, unweighted no. (weighted %) 188 (62.5) 105 (37.5)

Total no. 2,535 1,661

Free or Reduced Lunch

No, unweighted no. (weighted %) 1,055 (51.3) 976 (48.7)

Yes, unweighted no. (weighted %) 1,450 (68.3) 664 (31.7) <0001
Total no. 2,505 1,640

Location

Rural, unweighted no. (weighted %) 683 (60.3) 463 (39.7)

Urban, unweighted no. (weighted %) 1,852 (59.5) 1,198 (40.5) 81
Total no. 2,535 1,661

Community Water Fluoridation Coverage

No, unweighted no. (weighted %) 1,035 (63.2) 629 (36.8)

< 33%, unweighted no. (weighted %) 487 (59.9) 336 (40.1)

33%-66%, unweighted no. (weighted %) 544 (55.7) 358 (44.3) 26
>66%, unweighted no. (weighted %) 469 (56.8) 338 (43.2)

Total no. 2,535 1,661

* Each of the characteristics and fluoridated water coverage were assessed separately.

differed significantly among students according to race and ethnicity. The percentages of students
living in an area without CWF were as follows: 65.8% among other racial and ethnic minority
students, 42.7% among non-Hispanic White students, 33.1% among non-Hispanic Black students,
28.9% among Hispanic students, and 14.1% among non-Hispanic Asian students. Although the
proportion of students living in an area without CWF was equivalent among students participating
or not participating in the free or reduced lunch program, the proportion differed in areas classified
according to the CWF tertiles (P = .03). According to urban or rural location, 56.5% of students in
rural areas had no CWF compared with 33.9% of students in urban areas (P = .06).

In Pennsylvania, 3,501 public water facilities submitted data to the Pennsylvania Department of
Environmental Protection. These facilities provide water to approximately 79% of the Pennsylvania
population. The remaining 21% of the population may use private water sources. The 3,501 water
facilities included 1,046 that fluoridated water and 2,455 that did not fluoridate water. Among the
population served by public water, approximately 60% use fluoridated water. For the areas where the
74 schools were located, 350 facilities provided water, which included 117 facilities with fluoride
treatment and 233 facilities without fluoride treatment. Of the 74 schools, 45 had fluoridated water
within 5 miles and 29 had no fluoridated water within the 5-mile area. Among the 45 schools with
fluoridated water, the mean percentage of fluoridated water area within 5 miles was 87.4%, ranging
from 5.0% through 100.0%.
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Table 2. Student characteristics according to fluoridated water coverage in Pennsylvania, 2021-2022.

CHARACTERISTIC* FLUORIDATED WATER COVERAGE

No <33% 33%-66% >66%
Age, Y
7-8, unweighted no. (weighted %) 749 (39.9) 369 (16.9) 432 (21.4) 367 (21.9)
9-11, unweighted no. (weighted %) 864 (37.9) 454 (18.3) 470 (19.9) 440 (24.0)
Total no. 1,613 823 902 807
Sex
Male, unweighted no. (weighted %) 833 (39.4) 412 (17.0) 432 (20.2) 414 (23.3)
Female, unweighted no. (weighted %) 780 (38.2) 411 (18.2) 470 (20.9) 393 (22.7)
Total no. 1,613 823 902 807

Race and Ethnicity

Non-Hispanic White, unweighted no. (weighted %) 1,150 (42.7) 603 (19.96) 414 (19.3) 392 (18.2
Non-Hispanic Asian, unweighted no. (weighted %) 3(14.1) 8 (38.7) 6 (3.8) 49 (43.4
Non-Hispanic Black, unweighted no. (weighted %) 130 (33.1) 5(18.7) 5(16.6) 123 31.6
Hispanic, unweighted no. (weighted %) 197 (28.9) 5(4.2) 373 (35.8) 180 (31.1
Other, unweighted no. (weighted %) 164 (65.8) 2 (9.5 4 (5.7) 3(18.9
Total no. 1,664 823 902 807
Free/Reduced Lunch

No, unweighted no. (weighted %) 775 (38.1) 576 (23.4) 374 (19.6) 306 (19.0)
Yes, unweighted no. (weighted %) 838 (39.6) 247 (11.8) 528 (21.5) 501 (27.1)
Total no. 1,613 823 902 807
Location

Rural, unweighted no. (weighted %) 747 (56.5) 55 (4.3) 199 (21.7) 145 (17.4)
Urban, unweighted no. (weighted %) 917 (33.9) 768 (22.5) 703 (19.1) 662 (24.4)
Total no. 1,664 823 902 807

* Each of the characteristics and fluoridated water coverage were assessed separately.

Table 3 presents the results of the unadjusted analysis and multivariable analysis, which included
age, sex, race and ethnicity, free or reduced lunch program, urban or rural location, and CWF
coverage. In the multivariable analysis, age, sex, and urban or rural location were not significantly
associated with the risk of developing caries. According to race and ethnicity, the risk was signif-
icantly higher among non-Hispanic Asian students than non-Hispanic White students (RR, 1.16;
95% CI, 1.02 to 1.31; P = .02), but the risk was not significantly higher for the other racial and
ethnic minority groups. Students who participated in the free or reduced lunch program had a
significantly higher risk than students who did not participate (RR, 1.33;95% CI, 1.24 to 1.42; P <
.0001). After confounding variable adjustment, higher CWF coverages were significantly associated
with a lower risk of developing caries (RR, 0.86; 95% CI, 0.74 to 0.99 for 33% through 66% CWF
coverage; P = .03; RR, 0.84; 95% CI, 0.75 to 0.94 for >66% CWF coverage; P = .002). Trend test
indicated that there was a significant dose effect for the tertiles of CWF coverage in association with
the risk of developing caries (P value for trend < .0001). Interaction tests did not identify significant
interactions between CWF coverage and covariates on the risk of developing caries.

DISCUSSION

We found that higher levels of CWF were associated with reduced prevalence of caries, consistent
with findings from previous studies.'""'®'”’% In the United States, fluoride was first introduced to
public water systems in 1945'%; ever since, the association between CWF and lower prevalence of
caries has been observed in the United States and other countries.'”''” These findings led to the
expansion of fluoridation programs in many countries as well as fluoridated products, such as tooth-
paste, mouthrinses, milk, and salt.'®"” Data continue to support the role of CWF in the prevention of
caries. In a large cross-sectional study published in 2018, Slade and colleagues'’ reported that the
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Table 3. Weighted crude and adjusted risk of caries among third-grade students in Pennsylvania, 2021-2022.

VARIABLE

Age, Y

7-8

9-11

Sex

Male

Female

Race and Ethnicity
Non-Hispanic White
Non-Hispanic Asian
Non-Hispanic Black
Hispanic

Other

Free or Reduced Lunch
No

Yes

Location

Rural

Urban

CARIES, UNWEIGHTED NO.

(WEIGHTED %)

CRUDE RELATIVE
RISK (95% ClI)

ADJUSTED RELATIVE
RISK (95% CI)

Community Water Fluoridation Coverage

No

<33%

33%-66%

> 66%

P Value for Trend

* NA: Not applicable.

Yes No
1,127 (58.6) 790 (41.4) 1.00 1.00
1,378 (60.8) 850 (39.2) 1.04 (0.97 to 1.11) 1.04 (0.98 to 1.10)
1,245 (59.3) 846 (40.7) 1.00 1.00
1,260 (60.2) 794 (39.8) 1.02 (0.96 to 1.07) 1.01 (0.96 to 1.06)
1,458 (57.0) 1,101 (43.0) 1.00 1.00
96 (66.2) 50 (33.8) 1.16 (1.01 to 1.34) 1.16 (1.02 to 1.31)
271 (65.1) 142 (34.9) 1.14 (1.02 to 1.27) 1.04 (0.93 to 1.15)
522 (64.8) 263 (35.2) 1.14 (1.03 to 1.26) 1.06 (0.97 to 1.17)
188 (62.5) 105 (37.5) 1.10 (1.00 to 1.21) 1.08 (0.98 to 1.19)
1,055 (51.3) 976 (48.7) 1.00 1.00
1,450 (68.3) 664 (31.7) 1.33 (1.23 to 1.44) 1.33 (1.24 to 1.42)
683 (60.3) 463 (39.7) 1.00 1.00
1,852 (59.5) 1,198 (40.5) 0.99 (0.89 to 1.10) 1.01(0.91 to 1.12)
1,035 (63.2) 629 (36.8) 1.00 1.00
487 (59.9) 336 (40.1) 0.95 (0.81 to 1.11) 0.96 (0.84 to 1.11)
544 (55.7) 358 (44.3) 0.88 (0.74 to 1.04) 0.86 (0.74 to 0.99)
469 (56.8) 338 (43.2) 0.89 (0.80 to 1.01) 0.84 (0.75 to 0.94)
NA* NA NA <.0001

prevalence of caries among children was inversely related to the percentage of the population with
CWE. A 2022 British report'® found that CWF was inversely associated with caries and related
hospitalizations. Findings from our study showed that students living in CWF areas had a lower risk of
developing caries and CWF coverage had a dose effect in the protection against caries.

Pennsylvania is the fifth largest US state in population; most of the population lives in urban
areas, where the dentist workforce is larger than in rural areas.’’ Slightly more than three-quarters of
the Pennsylvania population use community water and fewer than two-thirds of this population
have access to CWF. This means only one-half of the Pennsylvania population receives fluoridated
water. The naturally occurring fluoride levels in the groundwater supplies in Pennsylvania range
from nondetectable to approximately 0.2 mg/L, lower than the recommended 0.7 mg/L in CWF.
The occurrence of fluoride in surface water is likely nondetectable, but trace levels can exist.’”
Thus, residents who consume private water are not likely to benefit from fluoride. Pennsylvania
ranks 37th in the country in providing CWF to its residents,”” and the coverage is lower than the
77.1% Healthy People 2030 objective.”* Given an estimated 25% reduction in caries with CWF,”’
if Pennsylvania achieves the Healthy People 2030 objective, caries may be prevented among one-
quarter million school-aged children in Pennsylvania. The prevalence of caries in Pennsylvania was
approximately 10% higher than the national level among children of similar ages.” The higher
prevalence indicates that there are gaps in Pennsylvania in caries prevention. In addition to the
expansion of oral health education and preventive oral health care services, increasing CWF would
be an effective strategy in ultimately reducing the burden of caries.
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Seventeen states have laws intended to provide CWF to prevent caries,”” but Pennsylvania is
among those states without such laws. In Pennsylvania, each municipality determines whether the
local community water should be fluoridated. Numerous cities and communities have enacted
policies to ensure that the community water is fluoridated to the optimal level.”® However, CWF
coverage is still low in Pennsylvania. The lack of state laws and concerns about the potential
toxicity of fluoride might be among the reasons why CWF coverage is low in Pennsylvania.”’*°

There are several limitations in our study. First, student addresses were unavailable for the CWF
assessment. Because school addresses were used, all students attending the same school were
assigned the same CWF exposure. Misclassifications might occur if some students did not have
access to CWF at their home addresses. Second, CWF was assessed as a percentage of CWF areas
over the total areas with and without CWF. A better CWF measurement was the percentage of
population or households with CWF, but such data were not available in this study. Third, the
assumption that most students living within 5 miles of the school might miss some CWF areas
because it is likely that some students might live outside the 5 mile area. However, because the
percentage of CWF coverage was calculated on the basis of CWF coverage and non-CWF coverage,
missing some water facilities should have little impact on the results. In addition, because students
were not interviewed for their oral health practices, food, and dietary habits, or use of preventive
oral health care services, these factors could not be evaluated. Moreover, information on student
oral health care insurance was not available. The availability of this information would allow for the
adjustment of the potential use of preventive oral health care in the data analysis. Furthermore, the
actual CWF exposure for each student was not available, therefore, the risk assessment was based on
the assumption that a student living in a higher CWF coverage area also had higher CWF exposure.
As a result, the risk assessment of caries was of an ecological nature.

CONCLUSIONS

The prevalence of caries was high among Pennsylvanian children. CWF had a protective effect as
well as a dose effect against caries, which adds to the existing evidence to support the expansion of
CWEF coverage in Pennsylvania. In addition, oral health education is needed for children and their
families at schools and pediatric and dental clinics to improve personal oral hygiene practices and
promote healthy dietary habits among children. ®
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