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Abstract

Background: This study aimed to examine the association between oral health behaviors and tooth retention
among Chinese older adults.

Methods: Data were used from the 4th Chinese National Oral Health Survey, a nationally representative sample. The
sample included 9054 older adults aged 55 to 74. Control variables and oral health behaviors were measured through
a questionnaire interview, and the number of remaining teeth and periodontal health were obtained from an oral
health examination. A chi-square test was used for univariate analysis. Multivariate Logistic regression was used to
explore the association between health behaviors and the number of remaining teeth.

Results: The average number of remaining teeth in the sample was 24.4 4 7.7. There was a higher proportion of
older adults living in urban areas with 20 or more teeth than those living in rural areas (83.2% vs. 79.4%, P<0.001); and
a higher proportion of individuals with high education levels with 20 or more teeth compared to those with low edu-
cation levels (P<0.001). Logistic regression models showed that older adults who used toothpicks "(OR=3.37,95%

Cl 2.94-3.85), dental floss (OR=1.93, 95% CI 1.05-3.53), toothpaste (OR=3.89, 95% Cl 3.14-4.83); and never smoked
(OR=1.4395% Cl 1.20-1.70) were more likely to retain 20 or more natural teeth; whereas older adults who had a
dental visit were less likely to retain 20 or more natural teeth (OR=0.45, 95% Cl 0.39-052).

Conclusion: Good oral hygiene practices, never smoking, and regular dental visits focusing on prevention are signif-
cantly associated with teeth retention. It is critical to promote a healthy lifestyle and improve prevention-oriented oral
health care systems.

Keywords: Tooth loss, Oral health behavior, Ageing, China

Background

The World Health Organization (WHO) states that oral
health is a key indicator of overall health [1]. Poor oral
health among older people has been evident worldwide,
such as high caries activity, high prevalence rates of
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shown correlations between tooth loss and many chronic
diseases, including hypertension, cardiovascular disease,
Alzheimer’s disease, diabetes, and mortality [6—11]. Pre-
ventive oral health research have been focused on con-
trolling the occurrence of oral diseases through lifestyle,
as well as the control of common risk factors for oral
health and general health [12]. Therefore, there is a need
to examine the association between health behaviors and
tooth retention.

Currently, many scholars are focusing on the related
factors of oral diseases in older adults. Few studies have
examined the association between health behaviors
and the number of remaining teeth. Previous interven-
tion studies have demonstrated that the prevention and
control of dental caries can contribute to the decline of
tooth loss [13]. An individual’s lifestyle and behaviors
play an important role in the prevention and control of
tooth loss. However, most studies have been conducted
in Western countries [14—18]; few studies examined the
association between health behaviors and oral health
among the Chinese population. There are significant dif-
ferences in the individual behaviors and oral health care
system between Western countries and China. For exam-
ple, in China, the use of toothpicks is a common behav-
ior, which is different from the West [19]. Chinese oral
health care system still focuses on the treatment rather
than prevention. Therefore, the findings on the associa-
tion between health behaviors and tooth loss from exist-
ing literature cannot be generalizable to Chinese settings
without further research.

Data from the 4th Chinese National Oral Health Sur-
vey showed that oral health problems were common
in Chinese adults: only 13.8% had complete dentition,
84.4% had dentition defects, and 1.8% were edentulous
[20]. Severe tooth loss causes high disease burden on the
population. One study found that oral diseases cause 15
million disability adjusted life-years (DALYs) globally. For
severe periodontitis, untreated tooth decay and severe
tooth loss, the disability weights are 0.0079, 0.012, and
0.073, respectively [21]. The purpose of this study was
to examine the association between oral health behav-
iors and teeth retention among Chinese older adults. The
findings of this study will provide knowledge and insight
to develop oral health policies and interventions aimed
at improving tooth retention among the Chinese adult
population.

Methods

Sampling method

Cross-sectional data from the 4th National Oral Health
Survey of China conducted in 2015-2016 were used in
this study, we used data that were collected by the Chi-
nese Centre for Disease Control and Prevention [22]. The
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survey included oral health status and health behaviors
of participants. A multi-stage cluster sampling method
was adopted for the identification of participants. All 31
provinces, autonomous regions and municipalities of
Mainland China were included. First, 2 urban and 2 rural
districts (defined by the National Bureau of Statistics of
China) were selected in each province using a probabil-
ity proportional to size (PPS) sampling. The local Cen-
tre for Disease Control and Prevention of each province
was responsible for the identification of the districts. In
total, 62 urban and 62 rural districts were selected. 3 sub-
districts (referred to as “streets” in urban districts and as
“townships” in rural districts) were then selected using
the PPS sampling method in each district. In brief, a total
of 186 streets and 186 townships were selected. The fol-
lowing age groups: 35 to 44; 55 to 64; and 65 to 74 years,
were consecutively recruited. There were 36 local resi-
dents with a male to female ratio of 1:1 [23]. A total of
13,464 people participated in the survey. After remov-
ing individuals under age 55, the study sample had 9054
older adults aged 55 to 74.

Oral health examination

Each participant was asked to undergo a professional
oral examination. The examiners were dental profes-
sionals who had engaged in oral clinical work for more
than 3 years and were qualified as dental practitioners;
and the recorders were clinicians and/or nurses with
relevant clinical experience. A disposable dental mirror,
an intraoral light-emitting diode light, and a ball-ended
WHO Community Periodontal Index (CPI) probe were
used in the examination. The diagnostic criteria were
followed using the WHO recommendations [24]. Prior
to the launch of the on-site data collection, calibration
training programmes were conducted to ensure the reli-
ability of the results. The standard reliability training was
conducted for each examiner, in which the kappa value
of caries status was greater than 0.8, and the Kappa value
of periodontal pocket depth was above 0.6. In order to
monitor the inter-examiner reliability of the data collec-
tion, 5% of the participants were randomly selected for
a second examination at the same day of the data col-
lection. “Periodontally healthy” was defined as: 1=no
bleeding, no periodontal pockets, and no loss of attach-
ment greater than 3 mm of all remaining teeth; and
0=bleeding, periodontal pockets, and loss of attachment
greater than 3 mm of all remaining teeth.

Measures

Dependent variable: Many studies have shown that to
obtain satisfactory function and aesthetics, at least 20
natural teeth are required [5, 23, 25], so participants were
categorized as those with at least 20 or more natural
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teeth and those with less than 20 natural teeth. Loss of
8 teeth (excluding wisdom teeth) is commonly consid-
ered as significant tooth loss [26]. Those with mobility
or noted to be extracted was considered as a remain-
ing tooth. The number of remaining teeth was coded
as (0=number of remaining teeth<20, 1=number of
remaining teeth > 20).

In-person structured questionnaire interviews were
conducted by trained interviewers. We included the fol-
lowing measures:

The demographic variables included sex (1=female),
age (1=65-74), residence (1 =living in rural areas), edu-
cational level, occupation and region. We coded edu-
cational levels by years of education: 1= <6 years of
education, 2=7-9 years of education, 3=10-12 years
of education, and 4= > 13 years of education. Occupa-
tion was coded as (0=Non-white collar, 1=heads of
state organs, party and mass organizations, enterprises
and institutions, professional and technical personnel,
and military personnel). We used two dummy variables
to present region with the eastern area as the reference
group: 1 =western area, and 2 =central area.

We also controlled for self-reported oral health and
general health. Self-reported oral health was coded as:
0=fair/poor, 1 =good. Self-reported general health was
coded as: 0=fair/poor, 1 =good.

Health behaviors included frequency of tooth brush-
ing, use of toothpicks (0=never, 1 =ever), dental floss
(O=never, 1=ever), toothpaste (0=never, 1=ever),
and fluoride toothpaste (0=never, 1=ever), smoking
(0O=current smoker, 1=never, 2=ex-smokers), alco-
hol drinking (0=ever, 1=never), dental visit (0=no,
1=yes), and tooth scaling (0 =never, 1=ever). We used
two dummy variables to present toothbrushing fre-
quency with less than one time per day as the reference
group: one time per day, and two times or more times
per day, respectively. Dental visit was collected by asking
the participant if they have dental visits within the last
12 months: 0=no, 1 =yes.

Statistical analysis

The description of measurement data was expressed as
mean =+ standard error (SE). A chi-square test was used
for univariate analysis of general characteristics, health
behaviors, self-reported oral health, self-reported
general health, and number of remaining teeth. Mul-
tivariate logistic regression was used to explore the
association between health behaviors and the number
of remaining teeth. The odds ratios (OR), 95% confi-
dence intervals (CI), and the p-value were used to indi-
cate the degree of association between the independent
variable and the dependent variable. This study estab-
lished three models to explore the association between
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health behaviors and the number of remaining teeth.
Model 1 was Univariate logistic regression, Model 2
was Multivariate logistic regression analysis without
control variables, and Model 3 was Multivariate logistic
regression analysis after adjusting age, sex, residence,
region, education level, occupation, periodontal health,
self-reported dental health, and self-reported general
health. The statistical analysis was performed using
IBM SPSS statistics 19.0 software, using alpha level of
0.05.

Results

Table 1 shows participants’ characteristics by the num-
ber of remaining teeth. The average age was 64.4. The
average number of remaining teeth in 9054 cases was
24.4+7.7. The percentage of participants with more
than 20 teeth was 81.3%. There were significantly
more urban residents (51.8%) with 20 or more teeth
than rural residents (48.2%) (P<0.001). The higher the
level of education, the higher the proportion of par-
ticipants with 20 teeth or more (all P-values and p for
trends < 0.001).

Table 2 presents the comparison results in health
behaviors between participants who had 20 or more
teeth and those who had less than 20 teeth. Participants
had significant differences in the frequency of brushing,
whether or not they used toothpicks, dental floss, tooth-
paste, fluoride toothpaste, smoking, drinking, and dental
visits. Figure 1 shows the reasons for dental visits. Treat-
ment rather than prevention was the major reason for
dental visits; 92% reported the reason for their last dental
visit was for treatment.

Table 3 shows the multivariate analysis of the associa-
tion between oral health behaviors and number of teeth
retained. In Model 1, univariate logistic regression shows
that all of the health behaviors were associated with the
number of remaining teeth without controlling for any
other variables. When adding all of the health behaviors
in Model 2, each health behavior was still significantly
associated with the number of remaining teeth. How-
ever, when adding age, sex, residence, region, education
level, occupation, periodontal health, self-reported dental
health, and self-reported general health in Model 3, the
frequency of toothbrushing, the use of fluoride tooth-
paste, drinking and tooth scaling were no longer signifi-
cantly associated with the number of remaining teeth.
We only found that the use of toothpicks (OR=3.37,
95% CI 2.94-3.85), dental floss (OR=1.93, 95% CI
1.05-3.53), toothpaste (OR=3.89, 95% CI 3.14-4.83),
smoking (OR=1.43, 95% CI 1.20-1.70), and dental visits
(OR=0.45, 95% CI 0.39-0.52) were significantly associ-
ated with the number of remaining teeth.
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Table 1 General characteristics of a sample of Chinese population (n=9054) according to number of remained teeth

Variable Category No. of Ratio Number of Number of X2 P-Value

population retention retention
teeth<20 teeth>20
n % n %

Age(yr) 55-64 4623 51.1 503 29.7 4120 56.0 379.840 <0.001
65-74 4431 489 1190 70.3 3241 44.0

Sex Male 4514 499 865 51.1 3649 496 1273 0.135
Female 4540 50.1 828 489 3712 504

Residence Urban 4587 50.7 773 45.7 3814 518 20.862 <0.001
Rural 4467 493 920 543 3547 48.2

Region Eastern 3196 353 598 353 2598 353 8.562 0.014
Western 3565 394 709 419 2856 388
Central 2293 253 386 22.8 1907 259

Education level (yrs) <6 4803 53.1 1116 659 3687 50.1 148.168 <0.001
7-9 2370 26.2 359 21.2 2011 27.3
10-12 1387 153 168 9.9 1219 16.6
13< 494 55 50 3.0 444 6.0

Occupation Non-white collar 8490 93.8 1605 94.8 6885 93.5 3792 0.027
White collar 564 6.2 88 5.2 476 6.5

Periodontal health No 8411 929 1330 786 7081 96.2 649.000 <0.001
Yes 643 7.1 363 214 280 3.8

Self-reported oral health Fair/poor 6734 744 1450 85.6 5284 71.8 138.801 <0.001
Good 2320 256 243 144 2077 282

Self-reported general health Fair/poor 5485 60.6 1067 63.0 4418 60.0 5.205 0.012
Good 3569 394 626 37.0 2943 40.0

Total 9054 100.0 1693 100.0 7361 100.0

Discussion suggests that when we want to enhance people’s aware-

By using the 4th Chinese National Oral Health Survey,
the study aimed to investigate the association between
tooth retention and health behaviors among Chinese
older adults. We found that participants who had healthy
behaviors were more likely to have more than 20 teeth
compared to those without healthy behaviors. Moreo-
ver, we found that the use of toothpicks, dental floss,
toothpaste, smoking, and dental visits were significantly
associated with the number of remaining teeth. The fre-
quency of brushing was not significantly related to the
number of remaining teeth in older adults, which was
different from previous studies that showed higher fre-
quency of toothbrushing was associated with more
remaining teeth [27]. This may be because respond-
ents did not brush their teeth properly and/or the fre-
quency of toothbrushing was low [28], therefore, their
oral health status was not ideal. Some Chinese scholars
have found that Chinese adults’ attention to oral health
is behind developed countries and good oral hygiene
behaviors were not formed [29]. This may explain why
the frequency of toothbrushing was not associated with
the higher number of remaining teeth in China. This

ness of oral health, especially for those aged 55 or older,
proper brushing techniques should be signaled. The use
of toothpicks, dental floss, and toothpaste is conducive
to the retention of teeth. As toothpicks and dental floss
are used to get rid of food debris between teeth, tooth-
paste as a cleaning agent can better help clean teeth and
remove plaque and slow down the accumulation of den-
tal calculus. Good oral hygiene can effectively keep or
improve periodontal health, as periodontitis is mainly
accountable for tooth loss in adults.

Older adults who never smoked were more likely to
have more than 20 remaining teeth than those who were
current smokers. Tobacco contains a variety of harmful
substances that can directly stimulate periodontal tissues
or enter the bloodstream, causing periodontal damage.
Azodo’s research on Nigerian residents’ smoking and oral
health behaviors found that smokers had poorer subjec-
tively rated periodontal health and poorer oral self-care
behavior [30], which is similar to our study.

People who had more dental visits were less likely to
have more than 20 remaining teeth. This may be because
Chinese adults seek dental services for treatment rather
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Table 2 Health behaviors of a sample of Chinese population (n =9054) according to number of remained teeth

Variable Category No. of Ratio Number of Number of X P-Value

population retention retention
teeth<20 teeth>20
n % n %

Toothbrushing frequency < 1/day 1503 16.6 473 279 1030 14.0 193.501 <0.001
1/day 4802 53.0 782 46.2 4020 54.6
22/day 2749 304 438 259 2311 314

Using tooth picks Never 5029 555 1338 79.0 3691 50.1 465.202 <0.001
Ever 4025 445 355 210 3670 499

Frequency of using dental floss Never 8874 98.0 1680 99.2 7194 97.7 15912 <0.001
Ever 180 20 13 0.8 167 23

Using toothpaste Never 704 7.8 352 20.8 352 4.8 491.963 <0.001
Ever 8350 922 1341 79.2 7009 952

Fluoride toothpaste Never 8063 89.1 1574 93.0 6489 88.2 32.769 <0.001
Ever 991 11.0 119 7.0 872 118

Smoking Current smokers 2316 256 481 284 1835 249 13.629 0.001
Never 5606 619 982 580 4624 62.8
Ex-smokers 1132 125 230 13.6 902 123

Drinking alcohol Ever 2983 330 483 285 2500 34.0 18.394 <0.001
Never 6071 67.1 1210 71.5 4861 66.0

Dental visit Never 3008 332 394 233 2614 355 92938 <0.001
Ever 6046 66.8 1299 76.7 4747 64.5

Tooth scaling Never 8792 97.1 1653 97.6 7139 97.0 2.090 0171
Ever 262 29 40 24 222 30

Total 9054 100.0 1693 100.0 7361 100.0

Reason for dental visit among a sample of Chinese population reporting to
have dental visits within the last 12 months (n=1833)

consultation&check-up . 115

prevention I 26

others | 10

0 500 1000 1500 2000
Fig. 1 Reason for dental visit among a sample of Chinese population reporting to have dental visits within the last 12 months (n=1833)
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Table 3 Multivariate analysis between health behavior and the number of remaining teeth among a sample of Chinese population

(n=9054)
Variable Category Number of Model1 Model2 MODEL3
retention
teeth > 20(%) OR 95%Cl OR 95%Cl OR 95%Cl

Toothbrushing frequency < 1/day 14.0 1 1 1

1/day 546 514" 4.76-555 130" 109-154 117 0.98-141

22/day 314 528" 476-584 133" 1.1-1.60 121 0.98-1.49
Using tooth picks Never 50.1 1 1 1

Ever 499 10347 927-1153 3567 3.13-4.05 3377 2.94-385
Using dental floss Never 97.7 1 1 1

Ever 23 12857 731-2259 236" 131-4.24 193" 1.05-3.53
Using toothpaste Never 4.8 1 1 1

Ever 952 523" 493-554 478" 395-578 389"  3.14-483
Fluoride toothpaste Never 88.2 1 1 1

Ever 18 733" 6.05-8.88 142" 1.15-1.75 118 0.94-147
Smoking Current Smokers 249 1 1 1

Never 62.8 471" 4.40-504 150" 131-1.73 143" 120-1.70

Ex-smokers 123 3.92™ 3.39-453 1.1 092-134 116 0.95-142
Drinking alcohol Ever 340 1 1 1

Never 66.0 226" 2.19-233 085" 077-093 093 0.81-1.06
Dental visit Never 355 1 1 1

Ever 645 365" 344-3.89 042"  037-048 045" 039-052
Tooth scaling Never 97.0 1 1 1

Ever 30 555" 3.96-7.77 125 087-179 110 0.75-161

"P<0.05,**P<0.01, ***P<0.001
Model1: Univariate logistic regression
Model2: Multivariate logistic regression analysis,

Model3: Multivariate logistic regression analysis, Adjusted age, sex, residence, region, education level, occupation, periodontal health, Self-reported dental health,

Self-reported general health

than prevention and patients who seek dental consulta-
tions have poor oral conditions [31], which is different
from what is seen in studies from developed countries
[32]. Secondly, Chinese scholars have found that 28% of
Chinese older adults have no remaining teeth and that
only 19% had dental care in the past year [33]. This dem-
onstrates that people with dental problems are not active
in seeking dental care. The third reason is that the treat-
ment is not performed at the optimal time, resulting in
pain and lack of other treatment options as the main
reasons for tooth extraction [34]. Murakami et al. and
other scholars reported that once oral diseases occur,
due to the lack of dental insurance and costly treatments,
older adults are reluctant to seek timely dental treatment
[35]. We found that only 20.2% of the 9,054 participants
reported having dental visits, and 92% of those who had
dental visits reported that their last dental visits were to
seek treatment. Therefore, oral health interventions and
programs should actively promote regular dental vis-
its with the long-term goal of maintaining oral health in
China.

The average life expectancy of a Chinese resident is
increasing every year. According to the data released by
National Health Commission of the People’s Republic
of China [36], the average life expectancy of a Chinese
resident in 2018 was 77.0 years, which means that the
length of life among older adults whether they are 60
or 80 years old will be extended. Multi-dimensional
improvement of the quality of life of older adults has
become a research priority [2]. Oral health is an impor-
tant part of general health, and it is essential to provide
oral health care throughout the life course. Because oral
diseases, such as missing teeth, are inextricably linked
to the occurrence of other diseases [37]. Oral health
is often neglected, especially in developing countries.
Findings from our study suggest that it is important to
develop an oral health care system with a focus on pre-
vention and promote healthy behaviors in these devel-
oping countries. Based on this, it is necessary to start
with oral hygiene behaviors to improve the life of natu-
ral teeth and maintain oral function, therefore improv-
ing the overall health and quality of life of older adults.
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Health administrative departments should continue to
promote the construction of medical associations when
implementing the ‘Healthy oral action plan’ (2019-
2025) [38]; formulate regional oral health development
plans for older adults in different regions, especially for
those from rural areas; and provide quantitative oral
health funding subsidies to low-income populations to
improve access to health care and promote the trans-
formations of disease treatments in health manage-
ment [39]. In order to help older adults have better oral
health behaviors and retain natural teeth, local com-
munities need to develop more oral health education
programs. Findings from our study suggest that it is
important to develop an oral health care system with a
focus on prevention and promotion of healthy behav-
iors. Oral health professionals need to work with other
professionals collaboratively to achieve optimal oral
health outcomes for this age group globally.

There are several limitations in the study. First, due
to the cross-sectional nature of the study, we were not
able to examine a causal relationship between health
behaviors and the number of remaining teeth. Second,
there may have been bias in the oral hygiene behavior
due to the self-reported nature of the study. However,
the present study also has strengths. We used a repre-
sentative sample of the whole Chinese population using
the 4th Chinese National Oral Health Survey. This
oral health survey is the only large national study that
includes clinical examinations of oral health in older
adults. Also, we controlled for both the subjective and
objective oral health statuses in this study.

In conclusion, good oral hygiene practices, never
smoking, and regular dental visits focusing on preven-
tion are significantly associated with teeth retention.
It is critical to promote a healthy lifestyle and improve
prevention-oriented oral health care systems. Future
studies are needed to develop interventions to help
people retain more teeth.
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