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Abstract

Introduction: From 1999–2004 to 2011–2014, untreated dental caries prevalence decreased 

among US children aged 2 to 5 y, regardless of family income. Policies were concurrently initiated 

for children to increase access to preventive dental services in dental, primary, and community 

settings and to restorative care in dental settings.

Objectives: We aimed to examine 1) whether changes in prevalence and severity of untreated 

and treated caries between the periods varied by family income and 2) to what degree increased 

past-year dental visit (PYDV) contributed to the changes.

Methods: We used data for 3,822 children in the National Health and Nutrition Examination 

Survey 1999 to 2004 and 2011 to 2014. Caries prevalence included prevalence of untreated 

caries with ≥1 decayed teeth (dt) and prevalence of treated caries with ≥1 filled teeth (ft). Caries 

severity included number of dt and ft among those with ≥1 dt or ft. We estimated changes 

in caries outcomes among low- and higher-income children with models—one controlling for 

sociodemographics and another controlling for sociodemographics and PYDV. Significant changes 

(P < 0.05) becoming insignificant after controlling for PYDV provide insight on the contribution 

of PYDV to changes in outcomes.

Results: Prevalence of untreated caries decreased for low- and higher-income children, with 

a slightly larger decrease for low-income children; dt decreased only for low-income children; 

and estimated decreases did not vary by model. An increase in prevalence of treated caries 

was observed only among low-income children but became minimized and insignificant after 

controlling for PYDV. Similarly, after controlling for PYDV, the increase in ft among low-income 

children lost significance, whereas the increase among higher-income children remained.

Conclusion: Untreated caries among children aged 2 to 5 y declined from 1999–2004 to 2011–

2014, with larger declines among low-income children. While changes in PYDV contributed to 
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increases in treated caries, particularly for low-income children, additional factors appear to have 

contributed to decreased untreated caries.
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Introduction

Dental caries among young children remains a significant public health problem (US 

Department of Health and Human Services 2000). The costs to treat caries among young 

children can be substantial if extensive procedures and general anesthesia in a hospital 

operating room are required (US Department of Health and Human Services 2000; Colak 

et al. 2013). An analysis of National Health and Nutrition Examination Survey (NHANES) 

data from 1988–1994 to 1999–2004 found an increase in the prevalence of caries (24% 

vs. 28%) and no significant change in untreated caries (19% vs. 20%) among US children 

aged 2 to 5 y (Dye et al. 2007). The lack of improvement in oral health status among 

young children raised wide attention (Edelstein and Chinn 2009; Tinanoff and Reisine 2009; 

Shenkin 2011). Some studies hypothesized that the increased caries prevalence may be due 

to increased access, which may result in earlier receipt of restorations (fillings; Shenkin 

2011; Ghazal et al. 2015). Whereas NHANES uses visual-tactile examination to identify 

cavitated lesions as untreated caries and the presence of restoration as treated caries (Centers 

for Disease Control and Prevention 2013b), more sensitive diagnostic tools used in a dental 

office (e.g., radiographs) would identify caries in earlier stages (Burt 1997; Shenkin 2011; 

Ghazal et al. 2015).

Since 2000, several initiatives have been launched to increase access to preventive 

and restorative dental care, especially among low-income children. Initiatives aimed 

at increasing the capacity and demand for care delivered in dental settings included 

the following. The Health Resources and Services Administration’s oral health service 

expansion efforts (Institute of Medicine and National Research Council 2011) steadily 

expanded clinical dental capacity in federally qualified health centers—the number of 

patients receiving dental services more than tripled, from 1.4 million in 2001 to 4.8 million 

in 2014 (Health Resources and Services Administration 2008, 2015). Demand for dental 

care among parents may have also increased due to the following: 1) the Children’s Health 

Insurance Program Reauthorization Act of 2009, which expanded Medicaid/Children’s 

Health Insurance Program (CHIP) dental care coverage and increased outreach to parents of 

children in low-income families (Centers for Medicare & Medicaid Services [CMS] n.d.); 2) 

a 2003 change in the American Academy of Pediatrics’ recommended age for a child’s first 

dental visit, from 3 y to 1 y (Hale and American Academy of Pediatrics Section on Pediatric 

2003). The CMS Oral Health Initiative, which launched in 2010, likely increased access 

in dental and primary care settings by using all available dental and medical professionals 

(CMS 2014). Further stimuli to increasing access in primary care settings were 1) the 

2004 US Preventive Services Task Force’s recommendations for primary care clinicians to 

prescribe oral fluoride supplementation to children aged 6 mo through 5 y who are served 

by fluoride-deficient water systems (Calonge and U.S. Preventive Services Task Force 2004) 
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and 2) the 2008 American Academy of Pediatrics’ policy statement recommending that 

pediatricians apply fluoride varnish for patients at risk for caries and without a dental home 

(American Academy of Pediatrics 2008).

National data from 1999–2004 to 2011–2014 suggest that these national efforts focusing on 

improving access to preventive dental care provided by dental and primary care providers 

might have had an impact—the prevalence of dental caries decreased among low-income 

children aged 2 to 5 y, and prevalence of untreated caries decreased among all children, 

regardless of income (Dye et al. 2017). These initiatives also likely contributed to the 

increase in past-year dental use among children from 2000 to 2010 and beyond, particularly 

among low-income children (Wall et al. 2012; Steinmetz et al. 2014; Nasseh and Vujicic 

2015). Our study aimed to examine the contribution of increased dental use on changes in 

untreated and treated caries prevalence and severity from 1999–2004 to 2011–2014 among 

low- and higher-income children aged 2 to 5 y. We also examine whether changes in the 

caries outcomes varied by family income.

Methods

Data Source

We used NHANES data for 2 periods: 1999 to 2004 and 2011 to 2014. NHANES is 

a cross-sectional survey representative of the noninstitutionalized US population (Centers 

for Disease Control and Prevention 2013a). Data on health status and risk factors are 

collected through interviews, health examinations, and laboratory tests. During both periods, 

dental caries examinations of survey participants aged ≥2 y were conducted by trained and 

calibrated dentists at the Mobile Examination Center. Cavitated carious lesions (untreated 

decayed teeth [dt]) and restorations (fillings) were recorded for each primary tooth surface. 

NHANES 2011 to 2014 and 1999 to 2004 used the same dental caries examination protocol. 

Details of the NHANES sampling design and oral health protocol are described elsewhere 

(Centers for Disease Control and Prevention 2013b; National Center for Health Statistics 

2013).

Study Population

This study included children aged 2 to 5 y with data for caries outcomes and family poverty 

status.

Outcome Variables

We assessed changes in untreated and treated dental caries in primary teeth. Prevalence of 

untreated caries was defined as percentage of population having ≥1 dt and prevalence of 

treated caries as percentage of population having ≥1 filled teeth (ft). We also examined the 

severity of untreated and treated caries, including number of dt and ft among children with 

≥1 dt or ft.

We assessed untreated and treated caries separately because changes in untreated caries 

could be attributable to changes in preventive care provided in multiple settings—dentist 

office, primary care, or community—whereas treated caries could be attributable to 
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treatment provided in dental offices only. Assessing untreated and treated caries outcomes 

would provide insight on the contribution of increased dental use to changes in caries during 

the last decade among low- and higher-income children.

Because <25% of children aged 2 to 5 y experienced caries from 2011 to 2014 (Dye et al. 

2017), we departed from the usual convention of measuring dt and ft among all children 

and instead estimated these measures only among children with caries, as this would more 

accurately reflect the severity among children with the condition.

Main Explanatory Variable

Time was the main explanatory variable and was categorized into 2 periods: 1999 to 2004 

and 2011 to 2014.

Covariates

Sociodemographic variables were reported by parents or guardians at the interview. The 

following categorization of race and ethnicity was used to be comparable between the 

periods: non-Hispanic White, non-Hispanic Black, Mexican American, and all others 

(National Center for Health Statistics 2013). Poverty status was defined as the percentage 

of family income relative to the US Department of Health and Human Services’ federal 

poverty level (FPL) and was classified into 2 groups: low income (<200% FPL) and higher 

income (≥200% FPL). Parental education was approximated by the highest education level 

of the household reference person and his or her spouse and grouped as less than high 

school, high school graduate, and more than high school. Dental care utilization status was 

based on past-year dental visit (PYDV) status, defined as having a PYDV (yes/no). Child’s 

current health insurance status was categorized as Medicaid/CHIP, private insurance or other 

insurance, and no insurance.

Statistical Analysis

We estimated crude and adjusted (controlling for covariates) caries outcomes for each period 

for the 2 poverty categories. By using the average marginal prediction (Bieler et al. 2010), 

we obtained prevalence estimates from binomial regression models and severity estimates 

from negative binomial regression models. Our models included an interaction term between 

poverty status and time, which allowed us to assess whether changes in caries over time 

varied by poverty status.

We calculated changes in crude and adjusted caries outcomes over time by subtracting the 

value of 1999 to 2004 from the value of 2011 to 2014. T tests were used to test whether 

these changes were significant and whether changes varied by income.

We specified 2 models to assess the contribution of PYDV to changes in caries 

outcomes between surveys. The first model, sociodemographic model, adjusted for only 

sociodemographic variables, including age, sex, race/ethnicity, and household education 

level. The second model, dental utilization model, included the sociodemographic variables 

and PYDV. PYDV was considered to contribute to changes in caries if the changes that were 

significant in the sociodemographic model became insignificant in the dental utilization 
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model. We also assessed multicollinearity of covariates to ensure that multicollinearity was 

not contributing to changes in outcomes becoming insignificant when we added dental 

utilization to the sociodemographic variables. There were no covariates with tolerance <0.4, 

indicating that multicollinearity was not present (Allison 1999).

We also developed 2 sensitivity models. One added health insurance status to the dental 

utilization model to see if changes from the dental utilization model would be affected with 

further control for distribution changes in health insurance status. Considering that the same 

child may have treated and untreated teeth, we conducted a sensitivity model to account 

for distributions of treated and untreated caries between the periods—specifically, for the 

treated caries outcome, we added untreated caries to the dental utilization model, and for the 

untreated caries outcome, we added treated caries to the dental utilization model.

Results were considered statistically significant if P < 0.05. To account for the complex 

survey design, we used SAS-Callable SUDAAN 11 (RTI International) to estimate 

prevalence and Stata 13 (StataCorp) to estimate severity. The Mobile Examination Center 

survey weights were used to account for disproportionate sampling, nonresponse, and 

poststratification to the US population.

Results

We included 3,822 children aged 2 to 5 y (2,184 from NHANES 1999 to 2004 and 1,638 

from NHANES 2011 to 2014) who had complete data for the caries outcomes and poverty 

status (Table 1).

Population distribution changes from 1999–2004 to 2011–2014 were observed for certain 

covariates (Table 1). The proportions of children with higher household education level and 

a PYDV significantly increased in the low- and higher-income groups. The PYDV increase 

was larger for the low-income group (42.2% vs. 67.2%) than the higher-income group 

(50.7% vs. 64.4%). The proportion of low-income children enrolled in Medicaid/CHIP 

increased (47.7% vs. 57.7%), and the proportion of uninsured decreased (13.4% vs. 6.6%).

From 2011 to 2014, treated caries prevalence (22.3% vs. 1.9%) and mean ft (3.7 vs. 0.6) 

were significantly higher among those with PYDV than those without PYDV (results not 

shown). No significant difference was observed for untreated caries prevalence (11.3% vs. 

10.0%), although a significantly lower dt was demonstrated for those with PYDV (1.0 vs. 

2.5). A similar pattern was observed for 1999 to 2004.

Decreases in untreated caries prevalence occurred across both income groups with a slightly 

larger decrease in the low-income group. After controlling for sociodemographic factors 

and PYDV, the decreases in prevalence of untreated caries remained (low income: 10.0 

percentage points, from 22.8% to 12.8%; higher income: 7.7 percentage points, from 15.5% 

to 7.9%) with essentially no changes as compared with those without control for PYDV 

(Figure, Table 2). Similarly, the decrease in dt was not affected by PYDV; dt decreased 

significantly only among low-income children, with a significantly larger decline among 

low-income children (2.8 vs. 1.3) than among higher-income children (1.8 vs. 1.3).

Lin et al. Page 5

JDR Clin Trans Res. Author manuscript; available in PMC 2022 March 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The pattern for treated caries is the opposite of that for untreated caries. Among low-income 

children, prevalence of treated caries from crude and sociodemographic models increased by 

5.6 percentage points; however, the increase was largely reduced and no longer significant 

after controlling for PYDV (Table 2). Similar changes were observed in ft among low-

income children. For higher-income children, an increase in ft remained after control for 

past-year dental care use. The addition of health insurance status to the dental utilization 

model did not affect the changes (results not shown).

Although the same child can have treated and untreated teeth, the percentage of the study 

population with both treated and untreated caries was low (2.9%), accounting for about 

one-fifth of those with either treated or untreated caries. The correlation between untreated 

and treated prevalence measures was also low (r = 0.08). Thus, through the addition of 

treated caries to the dental utilization model for untreated caries outcomes and the addition 

of untreated caries to the dental utilization model for treated caries outcomes, the pattern 

of changes in the caries outcomes from the dental utilization model remained (results not 

shown).

Discussion

Over this study period, from 1999–2004 to 2011–2014, decreases in untreated caries were 

larger among low-income children than among higher-income children. The decreases 

in untreated caries outcomes were not explained by changes in sociodemographics or 

PYDV. However, the increases in treated caries were largely explained by increased PYDV, 

especially among low-income children.

Our findings of crude estimates were consistent with the recent publication based on the 

same NHANES cycles (Dye et al. 2017). Although this study reported age-standardized 

untreated caries prevalence and its changes over time by poverty status, the analysis did not 

test whether the change varied by poverty status. Another question remaining is whether 

changes in multiple sociodemographic factors and dental care use over time accounted for 

changes in untreated versus treated caries and their variation by poverty status. We took 

a closer look at changes in untreated and treated caries outcomes individually and used 

the unique multivariate marginal prediction models that allow assessment of the remaining 

questions.

Another study including NHANES data from 1999 to 2004 and 2011 to 2014 found no 

significant difference in income disparity of decayed or filled primary teeth surfaces over 

time among children aged 2 to 5 y (Slade and Sanders 2017). That study assessed decayed 

or filled primary teeth surfaces only among total population. Our findings of opposite 

directions of changes in dt and ft and differed impact of increased PYDV on changes in 

untreated versus treated caries suggested the need to assess untreated and treated caries 

outcomes separately. A decrease in dt was among low-income children only, and changes 

in dt varied by income, indicating changed income disparity over time. Although surface- 

and tooth-level caries outcomes are not completely comparable, our assessment of dt and 

ft that was limited to children with caries rather than among all children may provide 

more comprehensive and sensitive assessment of caries outcomes and their disparities. In 

Lin et al. Page 6

JDR Clin Trans Res. Author manuscript; available in PMC 2022 March 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



addition, in Slade and Sanders’s study (2017), no changes in income disparity for caries over 

time were based on overlapped confidence intervals. We went beyond this assessment and 

performed tests that may detect differences or disparities in a more sensitive way.

Our finding that increases in treated caries were largely minimized after controlling for 

PYDV, particularly among low-income children, may be partially explained by a larger 

increase in past-year dental care use among low-income children, as found in our study and 

as reported previously (Wall et al. 2012; Nasseh and Vujicic 2015).

Another consideration for controlling for the increased PYDV should be noted. The criteria 

used to identify caries in a population-based survey setting and in a dental office setting 

may differ, although the criteria used in each setting remain the same over time. NHANES 

serves the purpose of the national public health surveillance system, which requires that data 

collection be accurate and reliable, as well as timely and highly efficient (Smith et al. 2013). 

NHANES uses tactile-visual assessment to determine the presence of cavitation as untreated 

caries and the presence of restorations (fillings) as treated caries (Centers for Disease 

Control and Prevention 2013b). However, at a dental office visit, additional diagnostic tools, 

such as radiographs and laser fluorescence, may be used to detect early-stage caries, which 

then may be filled before tactile-visual assessment could even detect them (Shenkin 2011; 

Ghazal et al. 2015). Therefore, not like untreated caries based on cavitated lesions detected 

in a population-based survey, a filled tooth may have noncavitated lesions before the filling, 

especially when given the increased access to dental care and the potential variation in 

dentists’ treatment decisions (Burt 1997; Shenkin 2011; Ghazal et al. 2015). Controlling 

for PYDV may partially adjust for observed increases in treated caries and, eventually, 

overall caries due to increased dental utilization and different diagnostic criteria used in a 

population-based survey versus a dental office setting.

Our finding that decreases in untreated caries were not explained by the increase in PYDV 

is surprising. Several factors should be considered for interpretation of this finding. First, it 

is possible that the measure of past-year dental care is not sufficiently sensitive to measure 

receipt and frequency of dental services with evidence of effectiveness in preventing caries. 

An analysis of 2009 data from the Medical Expenditure Panel Survey found that past-year 

dental use was 7.6% and 43.7% among children aged 0 to 2 and 3 to 5 y, respectively. The 

percentage of children receiving a preventive dental service with evidence of effectiveness 

(i.e., sealants or topical fluoride) was notably lower—1.7% among children aged 0 to 2 y 

and 17.5% among children aged 3 to 5 y (Griffin et al. 2014). Second, PYDV reported 

in NHANES is higher than that reported in the Medical Expenditure Panel Survey (Lin et 

al. 2017). If children who did not have a PYDV were incorrectly classified as having a 

dental visit, the effect of PYDV would be attenuated. Third, children can receive effective 

preventive dental services from primary care as well as dental providers. A CMS report 

highlighted faster growth in the use of preventive dental care (23.2% vs. 42.4%) than in 

the use of treatment dental care (15.3% vs. 22.9%) from 2000 to 2012 among Medicaid/

CHIP-enrolled children (Steinmetz et al. 2014). Very young children are about twice as 

likely to have visited a medical office than a dental office (Agency for Healthcare Research 

and Quality 2016). With concerted efforts by multiple sectors at national, state, and local 

levels, significant progress has been made to integrate preventive dental care into primary 
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care settings among young children, especially among low-income children (Rozier et al. 

2003; CMS 2014; US Preventive Services Task Force 2014). The number of state Medicaid 

programs that reimburse primary care physicians for providing preventive dental services 

dramatically increased from 1 state in 2000 (North Carolina; Rozier et al. 2003) to 25 in 

2008 (Cantrell and National Academy for State Health Policy 2008) and 49 in 2015 (Arthur 

and Rozier 2016). A recent analysis of CMS-416 data from 2010 to 2013 indicated that 

although the percentage of Medicaid-enrolled children aged 0 to 5 y receiving preventive 

dental services through primary care settings was low (4.3%), it had increased over time 

(Arthur and Rozier 2016).

Our study is subject to several limitations. First, our study was not designed to directly 

evaluate the impact of the concurring national initiatives to improve access to dental care. 

Second, past-year dental care use was reported by parents or caregivers and might be subject 

to recall bias. However, given that the same dental visit question was asked in both periods, 

we do not expect the recall bias to change significantly and thus affect the changes in caries 

between the periods. Third, selection bias might exist because the dental use measure did not 

capture the type and extent of services provided and very young children may be more likely 

to visit dentists for treatment purpose. Fourth, missing primary teeth were not included in 

the NHANES protocol, because of the difficulty in determining whether a missing primary 

tooth was the result of dental caries, trauma, or natural exfoliation (Centers for Disease 

Control and Prevention 2013b). The degree of underestimation of caries burden due to this 

limitation might be larger among lower-income children than high-income children if the 

former would be more likely to have a tooth extraction versus a (sometimes more costly) 

restoration.

Despite its limitations, our study has several strengths. First, NHANES is the only national 

data source that has been used to monitor trends in oral health status based on clinical 

examination in the US population. The NHANES 2011 to 2014 and 1999 to 2004 uniquely 

covered the period when major national initiatives were launched to improve dental care 

access and oral health status, particularly among low-income children. As expected, we 

observed declines in untreated caries among children between the study periods, with larger 

declines observed among low-income children. Second, our study appears to be the first 

to apply the model-based approach to assess the potential contribution of increased dental 

care use to the changes in dental caries over time and their variations by poverty status. 

Finally, instead of focusing on caries severity in the total population, as commonly reported, 

we assessed caries severity among children with caries, which provided a more specific 

assessment of severity.

In conclusion, untreated dental caries prevalence and severity among US children aged 

2 to 5 y declined from 1999–2004 to 2011–2014, with larger declines observed among 

low-income children, but these decreases were not associated with the increase in PYDV. 

The increases in treated caries were associated with increased past-year dental care use, 

particularly among low-income children. While changes in PYDV contributed to increases 

in treated caries, especially for low-income children, additional factors appear to have 

contributed to decreased untreated caries.
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Knowledge Transfer Statement:

For young children, the degree and direction of changes in caries over the last decade 

varied by outcome measure (e.g., untreated or treated) and family poverty status. 

Examining the effect of increased dental utilization on changes in untreated and treated 

caries outcomes can help identify those policies that contribute to changes in these 

outcomes and highlight the potential role of the different caries assessment criteria used 

in dental offices versus those in a population-based survey.
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Figure. 
Adjusted untreated and treated dental caries prevalence and severity among children aged 2 

to 5 y by poverty status: NHANES 1999 to 2004 and 2011 to 2014.

Adjusted untreated and treated dental caries prevalence and severity: from the dental 

utilization model with control for sex, age, race/ethnicity, household education level, and 

past-year dental visit status; error bars represent 95% CIs; severity measures among children 

with ≥1 decayed or filled primary teeth.

Poverty status was defined as the percentage of family income relative to the federal poverty 

level (FPL) and was classified into 2 groups (low income, <200% FPL; higher income, 

≥200% FPL).
aSignificant change in adjusted untreated and treated caries from 1999–2004 to 2011–2014 

at P < 0.05 based on t test.
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bChange in adjusted untreated and treated caries from 1999–2004 to 2011–2014 in low-

income group significantly differed from that in higher-income group at P < 0.05 based on t 
test.

dt, number of decayed primary teeth among children with ≥1 decayed or filled teeth; ft, 

number of filled primary teeth among children with ≥1 decayed or filled teeth; NHANES, 

National Health and Nutrition Examination Survey.
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Table 1.

Population Distribution by Sociodemographic Factors among Low- and Higher-Income Children Aged 2 to 5 

y: NHANES, 1999 to 2004 and 2011 to 2014.

Low Income Higher Income

1999 to 2004
(n =

1,458)

2011 to 2014
(n =

1,096)

1999 to 2004
(n =
726)

2011 to 2014
(n =
542)

Age, y

 2 to 3 52.1 52.6 45.4 51.2

 4 to 5 48.0 47.4 54.6 48.8

Sex

 Male 51.2 51.0 48.4 49.2

 Female 48.8 49.0 51.6 50.8

Race/ethnicity

 Non-Hispanic White 46.3 39.2 72.8 68.2

 Non-Hispanic Black 19.6 19.5 7.5 6.8

 Mexican American 18.9 21.6 7.5 8.0

 Other 15.3 19.8 12.2 17.0

Household education level

 Less than high school 33.8 25.7
a 4.8 2.3

a

 High school graduate 27.5 24.9 12.2 8.1

 More than high school 37.7 48.1 82.0 88.4

Past-year dental visit

 Yes 42.2 67.2
a 50.7 64.4

a

 No 57.5 32.5 49.2 35.3

Health insurance

 Medicaid/CHIP 47.7 57.7
a 4.2 6.2

 Private or other 38.8 35.6 92.1 88.0

 No insurance 13.4 6.6 3.8 5.4

Values are presented as percentages. Poverty status was defined as the percentage of family income relative to the federal poverty level (FPL) and 
was classified into 2 groups (low income, <200% FPL; higher income, ≥200% FPL).

CHIP, Children’s Health Insurance Program; NHANES, National Health and Nutrition Examination Survey.

a
Significant at P < 0.05 based on chi-square test to assess if the distribution among categories for each factor changed from 1999–2004 to 

2011–2014.
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Table 2.

Crude and Adjusted Changes and 95% CIs in Untreated and Treated Dental Caries Prevalence and Severity by 

Poverty Status among Children Aged 2 to 5 y: NHANES, 1999 to 2004 and 2011 to 2014.

Adjusted Changes (95% CI)

Variable: Poverty Status
a

Crude Change (95% CI) Sociodemographic Model
b

Dental Utilization Model
c

Prevalence, %

Untreated caries

 Low income −12.6 (−17.6, −7.6)d,e −10.2 (−14.6, −5.7)d −10.0 (−14.2, −5.7)d

 Higher income −6.9 (−10.0, −3.8)d −7.8 (−11.7, −3.9)d −7.7 (−11.6, −3.7)d

Treated caries

 Low income 5.6 (1.6, 9.7)d 5.6 (1.8, 9.3)d 0.7 (−3.1, 4.5)

 Higher income 3.8 (−1.1, 8.8) 5.4 (−0.5, 11.4) 3.3 (−2.1, 8.7)

Severity among children with ≥1 decayed or filled teeth

Decayed teeth

 Low income −1.7 (−2.3 to −1.2)d,e −1.7 (−2.2 to −1.1)d,e −1.5 (−2.1 to −0.9)d,e

 Higher income −0.6 (−1.2 to 0.1) −0.7 (−1.4 to 0.1) −0.5 (−1.3 to 0.2)

Filled teeth

 Low income 1.2 (0.6 to 1.9)d 1.3 (0.6 to 1.9)d 0.5 (−0.1 to 1.2)

 Higher income 2.0 (0.7 to 3.3)d 2.1 (0.8 to 3.4)d 1.5 (0.3 to 2.7)d

NHANES, National Health and Nutrition Examination Survey.

a
Poverty status was defined as the percentage of family income relative to the federal poverty level (FPL) and was classified into 2 groups (low 

income, <200% FPL; higher income, ≥200% FPL).

b
Adjusted changes in untreated and treated dental caries from 1999–2004 to 2011–2014 from the sociodemographic model, with control for age, 

sex, race/ethnicity, and household education level.

c
Adjusted changes in untreated and treated dental caries from 1999–2004 to 2011–2014 from the dental utilization model, controlling for past-year 

dental visit status in addition to the covariates included in the sociodemographic model.

d
Crude or adjusted change in untreated and treated caries from 1999–2004 to 2011–2014 was significant at P < 0.05 based on t test.

e
Crude or adjusted change in untreated and treated caries from 1999–2004 to 2011–2014 in low-income group significantly differed from that in 

higher-income group at P < 0.05 based on t test.
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