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ABSTRACT 

Objectives: To explore the changes of Hispanics population and whether the effects of language, foreign-born status, 

citizenship, and socioeconomic status on disparities in oral health changed from 2005 to 2015 among Hispanics in the U.S. 

Methods: Based on the National Health and Nutrition Examination Survey (NHANES) 2005-2005 and 2015-2016, the 

authors applied weighted logistic regression to describe the effects of immigrant status and social status on self-rated oral 

health for each wave, and weighted negative binomial regression was used to explore the effects on the number of missing 

teeth, stratified by waves. Slope differences were tested between waves to show the different effects on oral health outcomes 

among Hispanics. 

Results: Compared to Hispanic in 2005-2006, it was observed that the Hispanic population in the United States showed an 

increase in U.S. citizenship, longer periods of residence, higher education, and higher family incomes in 2015-2016, along 

with a shift towards higher percentages of older adults. Speaking Spanish, non-U.S. citizenship, and lack of health insurance 

were associated with worse self-rated oral health status in both waves, while being foreign-born, having a higher education, 

and higher family income were associated with better self-rated oral health. In terms of missing teeth, longer stays in the 

U.S., higher education, and higher family income were associated with a lower risk of missing teeth, while greater age was

associated with a higher risk of missing teeth. Being foreign-born played a more significant protective role in self-rated oral

health in the later wave while.

Conclusions: Compared to Hispanics in 2005-2006, respondents in 2015-2016 present higher acculturation and 

socioeconomic status. The effects of socioeconomic status on oral health outcomes did not change in a decade whereas the 

roles of foreign-born status and Spanish-speaking were different between waves. 

Keywords: Period effects, Oral health, Hispanics, Household language, Non-U.S. citizen, Foreign-born status, Education, 

Family income 

INTRODUCTION 

Hispanics comprise over 18% of the country's total 

population, rendering them the largest ethnic minority group 

in the nation. Hispanics are also one of the fastest growing 

groups, with the U.S. Hispanic population growing by 76% 

from 2000 to 2020 [1]. Furthermore, this group is 

characterized by a younger demographic, with a median age 

of 29 years, compared to 38 years for the non-Hispanic 

White population. The American Community Survey (ACS) 

provides an estimate that approximately 35% of the entire 

Hispanic population in the U.S. consists of undocumented 

immigrants [2]. 

There are a number of studies presented social determinants 

and health disparities among Hispanics. For instance, 

Hispanics face numerous challenges in obtaining healthcare 

and medical services in the United States. Overall, compared 

to other Americans, the Hispanic population lacks health 

insurance and preventive medical care [3,4]. Non-citizenship 

is also one of the major barriers to accessing healthcare, as it 

disqualifies them from plan eligibility and creates fear of 

shame and deportation [5]. Language and cultural barriers, 

as well as high poverty rates and other socio-economic 

factors, especially among recent Hispanic immigrants, are 

some of the reasons behind the health disparities between 

Hispanic Americans and other ethnic groups [3,5]. 
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These health disparities are also reflected in oral health, as 

literature finds that Hispanic Americans have poorer oral 

health than White Americans, with more cavities and fewer 

dental restorations [6]. Compared to non-Hispanic 

Americans, Hispanic Americans have a lower frequency of 

dental visits [4]. Compared to non-Hispanic groups, 

Hispanics are less likely to believe in the need for regular 

professional dental care, lack knowledge related to oral 

health, and are unlikely to obtain care [7-9]. The lower 

frequency of prevention and care results in more oral 

surgeries for Hispanics [10]. Additionally, even when 

Hispanics have the same socioeconomic status (SES) as 

White Americans, SES has weaker protective effects on oral 

health compared to Whites [11]. Lugo [7] study found that 

increased care costs and lack of dental insurance were the 

primary reasons Hispanic Americans did not seek dental 

care. 

As a result of lacking insurance and access to dental care, 

scholars display that immigrant status was associated with 

worse oral health among Hispanics. For instance, Hispanics 

with lower acculturation status report more decayed or 

missing teeth, as well as higher proportion of periodontics 

diseases compared to those with high acculturation status. 

Non-citizen immigrants including Hispanics with no 

citizenship in the U.S. present significant worse oral health 

than their native counterparts, whereas such difference 

disappear when adjusted for health insurance. Previous 

research also shows evidence on the effects of foreign-born 

status and language preference on oral health outcomes. For 

instance, scholars find that Hispanic children from English-

speaking households present similar overall health and oral 

health status as non-Hispanic White children. Scholars have 

found that children from non-English homes are less likely 

to receive routine or preventive dental care, make no dentist 

visits, and present more early childhood caries. 

In addition, disparities in oral health are also 

intergenerationally transmitted. Compared to non-Hispanic 

Whites, Hispanic children are at the highest risk of poor oral 

health and difficulty accessing dental care [12,13]. For 

example, Avila [14] found that language and insurance 

barriers were the primary factors contributing to the oral 

health disparities between Hispanic and non-Hispanic 

children. Additionally, the oral health of Hispanic children is 

also associated with their parents' cultural adaptation levels; 

Hispanic children born to parents with high cultural 

adaptation have better oral health [15]. 

However, studies have revealed a more complex picture of 

oral health among Latinx populations when examined from a 

place of birth perspective. For instance, Sanders [16] 

uncovered the "Hispanic Paradox" in the field of oral health: 

despite experiencing poorer socio-economic conditions, 

higher rates of poverty, and limited access to dental 

healthcare among foreign-born Hispanic Americans, their 

oral health outcomes were not only better than those of 

native-born Hispanics but also outperformed those of non-

Hispanic Whites. However, this effect was limited to only 

first-generation Hispanic individuals. Sanders’ [16] finding 

from the birthplace perspective suggests a more complex 

picture of the impact of different structural factors on the 

oral status of Latinos. 

In summary, to examine the oral health status of Hispanics, 

further examination of the complex relationship between 

these structural factors and the oral health status of 

Hispanics in previous studies is needed. In addition, trends 

in the impact of the above structural factors on oral health 

disparities among Hispanics need to be considered in the 

face of demographic, socioeconomic status and the impact of 

changes in the U.S. health care system over the last 20 years 

on oral health care (e.g., Affordable Care Act). 

This study aims to explore the period effects of oral health 

disparities among Hispanics in the U.S. and intends to 

answer three questions about oral health of Hispanics over a 

decade from 2005 to 2015: first, is there any difference in 

characteristics among Hispanics from 2005 to 2015 in 

immigrant status and socioeconomic status (SES)? Second, 

is there any difference in oral health outcomes among 

Hispanics from 2005 to 2015? Third, are there differences of 

the roles of immigrant status and SES in oral health 

outcomes among Hispanics from 2005 to 2015? [17]. 

METHODS 

Data and Sample: Data were drawn from the National 

Health and Nutrition Examination Surveys (NHANES). 

NHANES intends to investigate the health and nutritional 

status of both adults and children across the United States. 

Two waves were included wave 2005-2006 and 2015-2016. 

In each wave, the demographic data, the questionnaire data, 

and the examination data are included. Only Hispanic adults 

older than 20 were included in each wave. Among all 

qualified respondents, those whose information included any 

missing data in dependent variables or independent variables 

were excluded. The final interview sample consisted of 1036 

respondents in the 2005-2006 wave and 1322 respondents in 

the 2015-2016 wave. 

Measurements 

Dependent variables: Self-rated fair/poor oral health. 

Respondents were asked to “rate the health of your teeth and 

gums-excellent, very good, good, fair or poor?” Responses 

were recoded as excellent, very good, good, fair, and poor. 

In this study, the self-rated oral health was recoded as a 

binary variable. Responses of excellent, very good, and good 

are coded as 0, fair and poor are coded as 1. Number of 

missing teeth. The information about the number of missing 

teeth was obtained from the examination datasets of 

NHANES. If a tooth is completely present, it is coded as 1, 

otherwise, all decayed or lost teeth are coded as 0. Then, the 

values of all teeth are added up together except the four third 
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molars. The final number of missing teeth is calculated as 28 

minus the number of complete teeth. 

Independent variables 

Respondents who speak Spanish in the interview were coded 

as no English at home (1), and those who speak English in 

the interview were coded as English at home (0). Citizenship 

status is recoded as non-citizens (1) and citizens (0). Country 

of birth is coded as foreign born (1) and born in the U.S. (0). 

• To capture socioeconomic status, this paper measured

education and family income. Education is measured in

four ordinal categories: no high school (1), high school

(2), some college or AA degree (3), and college

graduate or above (4). Family income is collapsed into

these 4 groups: $0-19,999 (1); $20,000-44,999 (2);

$45,000-74,999 (3); $75,000- $ 100,000 and over (4).

• Demographic characteristics included marital status,

gender and age. Marital status is coded as married or

living with partners (0), and single (1), which includes

divorced, widowed, and those who never got married).

Gender is coded as female (1) and male (0). Age was

recoded as three age groups: 20-39 (1), 40-59 (2), and

older than 60 (3).

Statistical Analysis 

The data analyses were performed using the STATA 

software version 14.0. Three stages were employed to 

process the analysis. First, the authors reported the 

percentages, as well as mean and standard deviation (only 

for the number of missing teeth) of Hispanics in each wave. 

Second, the authors applied logistic regression models for 

the self-rated oral health for each wave. Third, Poisson 

regression models were used to estimate the effects of 

independent variables on the number of missing teeth for 

each wave. The sample weight was applied. Slope difference 

between waves was tested by the formula: t= (b1-

b2)/√(SE1
2+SE2

2). The letter b is the coefficient and SE refer 

to the standard error of b. 

RESULTS 

Table 1 presents the descriptive results of the Hispanic 

population in the United States in NHANES 2005-2006 

(wave 1) and 2015-2016 (wave 2), both unweighted and 

weighted. In terms of self-rated oral health, the percentage of 

Hispanics who rated their oral health as fair or poor was 

slightly higher in wave 1 (50.97%) than in wave 2 (47.65%). 

When the data were weighted, the percentages were 48.24% 

for wave 1 and 45.85% for wave 2. The mean number of 

missing teeth for Hispanic adults was 3.65 (SD=6.54) in 

wave 1 and 5.03 (SD=7.29) in wave 2 in unweighted data. 

The mean number of missing teeth was 2.93 (SE=0.21) in 

wave 1 and 3.35 (SE=0.14) in wave 2 in weighted data. 

Table 1. Descriptive Results of Hispanics in United States in NHANES 2005-2006 (wave1) and 2015-2016 (wave2). 

Unweighted Weighted 

Wave 1 (n=1036) Wave 2 (n=1322) Wave 1 (n=1036) Wave 2 (n=1322) 

Self-Rated Fair/Poor Oral Health 50.97a 47.65 48.24 45.85 

The Number of Missing teeth (0-28) 3.65(6.54)b 5.03(7.29)b 2.93(0.21)c 3.35(0.14)c 

Spanish as interview language 52.80 49.88 51.08 49.72 

Foreign-Born 67.76 46.27 73.18 66.71 

No Citizenship 50.97 39.86 52.17 43.98 

Stay in the U.S. 

Less than five years 11.60 6.57 12.53 6.50 

Five-Ten Years 15.06 6.88 15.81 8.09 

Ten-Twenty Years 49.32 52.42 45.95 58.09 

Longer than Twenty Years 24.03 35.17 25.71 27.33 

Education 

No High School 36.12 29.09 31.29 24.77 

Some High School 20.95 16.49 20.88 16.99 

High School 18.63 19.52 18.70 20.361 

Some College 18.53 22.39 21.87 24.69 

BA or Higher 5.79 11.72 7.26 12.94 

Annual Family Income 

$19,999 and Less 31.47 29.75 28.55 27.14 

$20,000-44,999 41.70 34.57 40.20 35.62 

$45,000-74,999 17.08 18.76 20.43 20.49 

$75,000-100,000+ 9.75 11.72 10.82 16.75 

No Health Insurance 43.53 31.62 45.59 36.68 

Age 

20-39 50.02 33.45 57.20 47.52 

40-59 27.12 32.00 32.25 36.61 

60-80+ 22.78 34.57 10.55 15.87 

Female 51.64 54.39 47.29 49.67 

Single 29.54 32.83 29.30 31.13 

Note: a, percentage, b, mean (SD). 
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Spanish was the interview language for approximately 50% 

of participants in both waves. The percentage of Hispanics 

with U.S. citizenship is higher in wave 2 than in wave 1. In 

wave 2, more participants had stayed in the U.S. for longer 

than 20 years. The percentage of participants with no high 

school education decreased from wave 1 to wave 2, while 

the percentage with a BA or higher increased. The 

percentage of participants with an annual family income of 

$19,999 or less decreased from wave 1 to wave 2, while the 

percentage with an annual family income of $75,000 or 

more increased. Compared to wave 1, wave 2 has a lower 

percentage of Hispanic adults aged 20-39 and a higher 

percentage of Hispanic adults aged 60 and older. 

Table 2 presented the logistic regression analysis on the 

self-rated fair/poor oral health of Hispanics in the United 

States in NHANES 2005-2006 (wave 1) and 2015-2016 

(wave 2). The analysis includes both unweighted and 

weighted data. Speaking Spanish, non-U.S. citizenship, and 

lack of health insurance were associated with worse self-

rated oral health status in both waves of the study. Being 

foreign-born was associated with better self-rated oral health 

in wave 2 only. 

Table 2. Logistic Regression on Self-Rated Fair/Poor Oral Health of Hispanics in the United States in NHANES 2005-2006 

(wave 1) and 2015-2016 (wave 2). 

Unweighted Weighted 

Wave 1 (n=1036) Wave 2 (n=1322) Wave 1 (n=1036) Wave 2 (n=1322) 

Spanish as interview language 
2.306*** 1.817*** 2.396*** 1.978*** 

[1.546 - 3.439] [1.298 - 2.542] [1.449 - 3.962] [1.364 - 2.866] 

Foreign-Born 
0.843 0.347*** 0.812 0.281*** 

[0.468 - 1.520] [0.218 - 0.554] [0.393 - 1.675] [0.171 - 0.462] 

No Citizenship 
1.002 1.443* 1.131 1.705** 

[0.632 - 1.588] [1.026 - 2.028] [0.614 - 2.081] [1.165 - 2.495] 

Stay in the U.S. (ref=shorter than five years) 

Five-Ten Years 
0.662 1.568 0.729 1.928 

[0.392 - 1.120] [0.800 - 3.072] [0.406 - 1.310] [0.958 - 3.880] 

Ten-Twenty Years 
0.689 0.772 0.833 0.945 

[0.408 - 1.166] [0.441 - 1.349] [0.452 - 1.536] [0.519 - 1.719] 

Longer than Twenty Years 
0.553* 1.062 0.674 1.658 

[0.312 - 0.979] [0.598 - 1.887] [0.330 - 1.376] [0.874 - 3.147] 

Education (ref=no high school) 

Some High School 
0.959 1.044 1.034 0.962 

[0.656 - 1.401] [0.729 - 1.495] [0.663 - 1.613] [0.637 - 1.454] 

High School 
1.098 0.826 1.063 0.731 

[0.724 - 1.665] [0.580 - 1.178] [0.619 - 1.826] [0.488 - 1.097] 

Some College 
0.617* 0.556** 0.656 0.592* 

[0.395 - 0.962] [0.387 - 0.798] [0.378 - 1.137] [0.392 - 0.895] 

BA or Higher 
0.297** 0.294*** 0.195*** 0.258*** 

[0.135 - 0.651] [0.181 - 0.478] [0.0802 - 0.476] [0.145 - 0.457] 

Annual Family Income (ref=$19,999 and less) 

$20,000-44,999 
1.023 0.802 1.093 0.759 

[0.747 - 1.400] [0.601 - 1.070] [0.739 - 1.616] [0.547 - 1.053] 

$45,000-74,999 
0.832 0.783 0.955 0.741 

[0.548 - 1.262] [0.548 - 1.119] [0.568 - 1.604] [0.491 - 1.117] 

$75,000-100,000+ 
0.525* 0.563** 0.533 0.575* 

[0.291 - 0.950] [0.370 - 0.857] [0.267 - 1.063] [0.360 - 0.920] 

No Health Insurance 
1.588** 1.263 1.558* 1.390* 

[1.167 - 2.161] [0.974 - 1.637] [1.062 - 2.286] [1.003 - 1.925] 

Age(ref=20-39) 

40-59 
1.590** 1.716*** 1.440 1.608** 

[1.122 - 2.252] [1.261 - 2.336] [0.944 - 2.197] [1.158 - 2.233] 

60-80+ 
1.370 1.408* 1.189 1.329 

[0.922 - 2.034] [1.008 - 1.968] [0.695 - 2.034] [0.925 - 1.909] 

Female 
0.837 0.905 0.695* 0.980 

[0.641 - 1.093] [0.715 - 1.147] [0.504 - 0.958] [0.753 - 1.276] 

Single 0.928 0.878 1.177 0.868 

[0.684 - 1.259] [0.677 - 1.138] [0.814 - 1.701] [0.645 - 1.169] 

1.036 1.598 0.799 1.276 

[0.485 - 2.212] [0.764 - 3.342] [0.330 - 1.937] [0.560 - 2.908] 

Log-likelihood -643.3 -836.5 -1.240e+07 -1.650e+07 

Chi-squared 149.2 156.9 110.1 142.2 

*p<0.05, ** p<0.01, *** p<0.001; a, Odds Ratios and Robust 95% CI in parentheses. b, Cells in green indicate significant

differences between two waves 
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In addition, having a bachelor's degree or higher was 

associated with better self-rated oral health status in both 

waves. Family income was also associated with self-rated 

oral health status, but this relationship varied depending on 

whether the data was weighted or unweighted. For the 

unweighted data, higher family income was associated with 

better self-rated oral health status, while for the weighted 

data, this relationship was only significant in wave 2. Age 

was found to be significantly associated with self-rated oral 

health status, with older respondents (40-59 years old) more 

likely to report fair/poor oral health compared to younger 

respondents (20-39 years old). The test of slope between 

waves suggested that being foreign-born played a more 

significant protective role in self-rated oral health in the later 

wave. 

Table 3 presented the results of Poisson regression models 

conducted on missing teeth of Hispanics in the United 

States. The data come from wave 1 and wave 2. The table 

reports unweighted and weighted estimates for various 

predictors. The results indicate that for unweighted data, 

longer stays in the U.S. were associated with a lower risk of 

missing teeth in both waves. However, for weighted data, 

long stays in the U.S. were only associated with a lower risk 

of missing teeth in wave 2. 

Table 3. Poisson Regression on Missing Teeth of Hispanics in the United States in NHANES 2005-2006 (wave 1) and 2015-

2016 (wave2). 

Unweighted Weighted 

Wave 1 (n=1036) Wave 2 (n=1322) Wave 1 (n=1036) Wave 2 (n=1322) 

Spanish as interview language 
0.871** 1.014 1.162 1.053 

[0.786 - 0.966] [0.945 - 1.088] [0.817 - 1.651] [0.879 - 1.261] 

Foreign-Born 
1.132 1.136* 1.137 1.108 

[0.974 - 1.315] [1.030 - 1.253] [0.702 - 1.842] [0.874 - 1.404] 

No Citizenship 
0.926 0.979 0.908 0.961 

[0.836 - 1.026] [0.916 - 1.045] [0.636 - 1.296] [0.801 - 1.152] 

Stay in the U.S. (ref=shorter than five years) 

Five-Ten Years 
0.767** 0.617*** 0.695 0.640* 

[0.655 - 0.899] [0.533 - 0.713] [0.405 - 1.191] [0.440 - 0.932] 

Ten-Twenty Years 
0.839* 0.650*** 0.827 0.586*** 

[0.725 - 0.971] [0.579 - 0.729] [0.488 - 1.401] [0.429 - 0.800] 

Longer than Twenty Years 
0.637*** 0.551*** 0.643 0.510*** 

[0.555 - 0.731] [0.494 - 0.616] [0.404 - 1.022] [0.381 - 0.682] 

Education (ref=no high school) 

Some High School 
0.916 0.954 0.862 1.021 

[0.832 - 1.010] [0.886 - 1.027] [0.601 - 1.237] [0.845 - 1.235] 

High School 
0.822*** 0.900** 0.849 0.958 

[0.739 - 0.913] [0.833 - 0.973] [0.621 - 1.160] [0.777 - 1.181] 

Some College 
0.634*** 0.892** 0.778 0.961 

[0.563 - 0.713] [0.827 - 0.963] [0.491 - 1.233] [0.779 - 1.186] 

BA or Higher 
0.646*** 0.743*** 0.804 0.803 

[0.530 - 0.787] [0.672 - 0.820] [0.479 - 1.349] [0.618 - 1.044] 

Annual Family Income (ref=$19,999 and less) 

$20,000-44,999 
0.887** 0.853*** 0.936 0.866 

[0.824 - 0.955] [0.805 - 0.904] [0.728 - 1.203] [0.738 - 1.017] 

$45,000-74,999 
0.761*** 0.776*** 0.713 0.760** 

[0.685 - 0.844] [0.718 - 0.839] [0.502 - 1.011] [0.623 - 0.928] 

$75,000-100,000+ 
0.556*** 0.652*** 0.583* 0.660*** 

[0.470 - 0.657] [0.593 - 0.718] [0.369 - 0.922] [0.519 - 0.839] 

No Health Insurance 
0.870*** 0.886*** 0.825 0.922 

[0.804 - 0.941] [0.834 - 0.941] [0.597 - 1.139] [0.792 - 1.073] 

Age(ref=20-39) 

40-59 
3.882*** 3.365*** 3.154*** 3.320*** 

[3.462 - 4.353] [3.028 - 3.739] [2.272 - 4.379] [2.661 - 4.142] 

60-80+ 
10.03*** 9.096*** 8.858*** 9.762*** 

[8.975 - 11.22] [8.218 - 10.07] [6.167 - 12.72] [7.859 - 12.13] 

Female 
1.138*** 1.046 1.309* 1.071 

[1.065 - 1.216] [0.994 - 1.100] [1.029 - 1.664] [0.941 - 1.220] 

Single 1.122** 1.051 1.121 1.030 

[1.045 - 1.205] [0.997 - 1.109] [0.877 - 1.432] [0.895 - 1.185] 

1.541*** 1.986*** 1.537 1.927** 

[1.245 - 1.906] [1.671 - 2.360] [0.645 - 3.664] [1.237 - 3.002] 

Log-likelihood -3408 -4953 -6.100e+07 -7.960e+07 

Chi-squared 3511 4520 480.2 776.6 

*p<0.05, ** p<0.01, *** p<0.001; a, Odds Ratios and Robust 95% CI in parentheses. b, Cells in green indicate significant

differences between two waves 
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Higher education was found to be associated with a lower 

risk of missing teeth in both waves for unweighted data, but 

not for weighted data. Similarly, for unweighted data, higher 

family income was associated with a lower risk of missing 

teeth in both waves, whereas for weighted data, only an 

annual household income of $75,000 and above was 

associated with a lower risk of missing teeth in both waves. 

For unweighted data, lack of health insurance was associated 

with a lower risk of missing teeth in both waves, whereas for 

weighted data, this association was not significant in either 

wave. Greater age was found to be associated with a higher 

risk of oral health problems in both waves. In wave 1, 

women had a higher risk of missing teeth; however, there 

was no significant association between being female and the 

risk of missing teeth in wave 2. For unweighted data, the test 

of slope between waves suggested that staying in the U.S. in 

ten-twenty years played a more significant protective role in 

self-rated oral health in the later wave. 

DISCUSSION AND CONCLUSION 

In this paper, we presented population change of Hispanics 

from 2005 to 2015 and tested the different effects of 

immigrant status and social status on oral health outcomes in 

a decade. Compared to Hispanics documented in the 2005-

2006 wave data, those who were included in 2015-2016 

wave present more missing teeth, lower proportion of 

Spanish speaking, being foreign-born, and lack of U.S. 

citizenship. On the other hand, the length of stay in the U.S, 

the education levels, family income, and coverage of health 

insurance increased compared to a decade ago. Moreover, 

Spanish-speaking and no insurance were associated with 

worse self-rated oral health in both waves, whereas staying 

longer time in the U.S, college education, and high level of 

family income (higher than $75,000) presented protective 

effects on fair/poor self-rated oral health. Being foreign-born 

present significantly greater protective effect in 2015-2016 

wave than that in 2005-2006 wave. Length of staying in the 

U.S, higher levels of education, and family income also

present protective effects on missing teeth. The result that no

health insurance was associated with more missing teeth was

unexpected. One possible explanation is that respondents

with no missing teeth were less likely to purchase health

insurance.

This study has three limitations. First, dental care was not 

investigated in wave 2005-2006. To be comparative between 

waves, we did not include dental care in our model. In 

addition, several related variables or a number of cases were 

missing due to non-comparable across waves, such as tooth 

brushing, smoking, and alcohol consumption. Second, this 

study focused on the period effects of oral health among 

Hispanics, whereas it is hard to separate age effects because 

the proportion of middle and old age respondents in wave 

2015-2016 was higher than that in wave 2005-2015. It is 

hard to exclude the effects of age in the changed pattern of 

oral health outcomes. Third, the self-rated oral health and 

other variables are self-reported data, and it is possible that 

inaccurate information was recorded. 
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