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Abstract 

Background Tooth loss is a known marker of oral and systemic health, but large-scale population-based and cross-
sectional multi-year comparative studies on tooth loss have yet to be much studied in China. This study explores the 
changing trends in tooth loss status and the associated factors influencing the prevalence of tooth loss over the past 
two decades in Guangdong, Southern China.

Methods Data from three cross-sectional, representative oral epidemiological surveys in Guangdong Province were 
analyzed, including 400 in 1995, 720 in 2005, and 288 in 2015, for a total of 1408 participants. Sample selection is 
based on the National Census of China published by the National Bureau of Statistics. In this study, each year, the 
number of missing teeth (MT) and the prevalence of tooth loss (MT > 0) were calculated. Basic demographic informa-
tion, socioeconomic status, caries and periodontal status, personal lifestyle factors, and dental health care behaviors 
were analyzed by multivariate logistic regression to estimate their associations with tooth loss. Statistical significance 
was evaluated with 2-sided tests with a significance level of P < 0.05.

Results This study found that the mean number of missing teeth and the prevalence of tooth loss among adults 
aged 35–44 years in Guangdong Province did not change significantly in the first decade (1995–2005) but decreased 
significantly in the second decade (2005–2015) (0.94 and 40.8% in 1995, 0.99 and 42.9% in 2005, and 0.63 and 33.3% 
in 2015, respectively). The mean number of MT by tooth position was highest for the first and second molars, and 
both were larger in the mandible than in the maxilla. In 1995, populations with low educational attainment and the 
presence of caries or periodontal pocket (periodontal probing depth ≥ 4 mm) were associated with a higher chance 
of MT > 0. In 2005, those with low educational attainment, the presence of caries, and 40–44 years old were associated 
with a higher chance of MT > 0. Moreover, in 2015, females, rural residents, and those with caries or periodontal pocket 
were associated with a higher chance of MT > 0.
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Conclusions Although tooth retention has improved recently (2005–2015) and the preventive effect of education 
level on tooth loss has increased over time, efforts to prevent tooth loss in adults need to be strengthened. Particular 
attention should be given to preventive interventions for women, rural residents, and those suffering from caries or 
periodontal pocket.
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Background
Oral disease was one of the most common nonfatal 
health issues according to the Global Burden of Diseases 
hierarchy 2017 [1]. Tooth loss is one of the most preva-
lent and critical oral diseases worldwide [2]. The global 
prevalence and incidence of tooth loss have declined 
significantly in recent decades [3]. However, as of 2017, 
approximately 267 million people worldwide were suf-
fering from complete edentulousness [4]. Tooth loss can 
have negative functional, aesthetic, and psychological 
consequences [5–7], reducing oral health-related quality 
of life [8]. It is also associated with anemia, cardiovascu-
lar disease, stroke, and end-stage renal disease [9–11]. 
The effects of tooth loss on other organs may result from 
factors associated with tooth loss leading to the release of 
inflammatory mediators. Tooth loss is therefore an essen-
tial indicator of oral and systemic health.

Several studies worldwide have monitored and ana-
lyzed tooth loss and found that many factors contribute 
to the occurrence of tooth loss (missing teeth > 0), such 
as socioeconomics factors (education level, income, and 
ethnicity) [12–14], lifestyle habits (smoking and sweet 
consumption) [15, 16], and oral disease presence (caries 
and periodontal pocket) [17]. The distribution of tooth 
loss and its influencing factors vary between countries 
and regions and are dependent on economic develop-
ment, cultural, educational, and other factors. In China, 
although there has been a significant improvement in the 
status of tooth loss among adults compared with that a 
decade ago, the rate of missing teeth > 0 among adults 
aged 35–44 years was 32.3% in 2015 [18].

Three oral health surveys were conducted in Guang-
dong Province in 1995, 2005, and 2015 to investigate 
the status of tooth loss among adults aged 35–44 years. 
The rapid development of the social economy prompted 
many changes over these two decades. According to the 
Seventh National Census of China, the population aged 
15–59 years in Guangdong Province increased by more 
than 10 million people compared to that in the Sixth 
National Census. In addition, the male-biased sex ratio, 
the proportion of the urban population and the pro-
portion of people with nine years of education or 
more increased [19]. The classic diet is shifting, as the 
traditional dietary patterns of many young Chinese 

individuals are being influenced by Westernized diets, 
resulting in increased sugar intake [20]. Moreover, oral 
medical expenditure among Chinese adults was low, 
and basic medical insurance for oral health has not 
changed significantly in recent years [21]. The above-
mentioned factors may impact the population’s oral 
health in China. Although many studies on factors 
associated with tooth loss, both longitudinal and cross-
sectional, have been conducted globally, only a few have 
been conducted in China. In China, studies on tooth 
loss were mainly epidemiological reports and analyses 
of factors in specific aspects (e.g., socioeconomic fac-
tors, particular diseases). Most of these samples were 
old adults. There has been no multi-year comparative 
analysis of epidemiological changes and associated fac-
tors on tooth loss in adults (35- to 44-year-olds) based 
on a large-scale population in China. This study was 
carried out to analyze the trend in tooth loss status and 
associated factors influencing the prevalence of tooth 
loss over the past two decades in Guangdong, Southern 
China.

A longitudinal study design can accurately observe 
the changes in trends and factors influencing tooth 
loss in the same sample and allows predictions, but it 
is costly and time-consuming. Moreover, there is a 
risk of loss to  follow-up. By contrast, cross-sectional 
studies can still provide a good understanding of dis-
ease prevalence and its distribution characteristics 
at the time. Thus, this study analyzed data from three 
cross-sectional and representative oral epidemiological 
sample surveys conducted in 1995, 2005, and 2015 to 
explore the changing trends in tooth loss status and the 
associated factors influencing the prevalence of tooth 
loss over the past two decades in Guangdong, Southern 
China. Ex post stratified weights and multivariate logis-
tic regression analysis were used to minimize cohort 
effects.

Methods
Source of data
Three epidemiological oral health surveys were con-
ducted among adults aged 35–44  years in Guangdong 
Province in 1995, 2005, and 2015; the surveys were 
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cross-sectional and representative. This study analyzed 
the data collected from the abovementioned surveys.

Participants
The inclusion criteria were as follows: 35–44 years of age, 
residents of Guangdong Province (who had lived there 
for at least six months prior to the survey month), volun-
tarily participated, and signed informed consent.

The exclusion criteria were combined with severe sys-
temic diseases (such as cardiovascular, digestive, respira-
tory, hematologic, and neurologic diseases) that would 
not cooperate with dental examination or questionnaire.

Sample design
This study used stratified, multistage, cluster, and ran-
dom sampling techniques to obtain samples from a rep-
resentative population in Guangdong Province, China. 
In 1995, 3 urban areas and 3 rural areas in Guangdong 
Province were randomly selected; 4 streets/towns were 
selected in urban or rural area, for a total of 8 study sam-
ple points. A total of 50 adults were sampled per point, 
for a total of 400 adults. In 2005, 3 urban areas and 3 rural 
areas in Guangdong Province were randomly selected; 3 
streets/towns were selected in all area, for a total of 18 
study sample points. A total of 40 adults were sampled 
per point, for a total of 720 adults. In 2015, 4 urban areas 
and 4 rural areas in Guangdong Province were randomly 
selected; 3 streets/towns were selected in all area, for a 
total of 24 study sample points. A total of 12 adults were 
sampled per point, for a total of 288 adults. Overall, 400 
adults were included in the final sample in 1995, 720 in 
2005, and 288 in 2015, for a total of 1408 individuals. And 
the ratios of males to females and urban areas to rural 
areas were both 1:1 (Fig. 1).

Dental examination design
Dental examinations were carried out by 3 examiners and 
recorded by 3 assistants for each survey year. All of the 
examiners were experienced dentists who had practiced 
clinical work for more than 3 years. Before the surveys, 3 
examiners were provided training and initial calibration 
by a standard examiner. The training content was divided 
into two parts and completed in two central pieces of 
training: theoretical study and clinical practice of car-
ies examination standards. The kappa values of the three 
examiners to the standard examiner for caries examina-
tions were > 0.8 and for periodontal examinations were 
> 0.6.

The standard examination equipment included an 
examination light, a dental mirror, and a community 
periodontal index (CPI) probe. All visible teeth except 
the third molars were checked in the following order: 
#17 to #27, then #37 through #47. The diagnostic criteria 

applied in this study referred to the World Health Organ-
ization (WHO) oral health survey basic methods  (3rd,  4th, 
and  5th edition) and are as follows:

Crown caries/root caries: crown caries was defined 
as an obvious cavity, underenamel destruction, or a 
softened lesion at the crown that was detected on the 
base or wall. Root caries was defined as CPI probe 
detection of  root  cementum destruction or lesions 
with a soft or leathery feel.
Periodontal pocket: periodontal pocket was defined 
as periodontal probing depth of ≥ 4 mm.
Tooth loss status: missing teeth due to caries or other 
causes were defined as MT. (In this study, MT > 0 was 
defined as the prevalence of tooth loss, and the out-
come variable was treated as binary variable in this 
study (“MT = 0” and “MT ≥ 1”)).

Questionnaire design
Trained interviewers conducted the in-person, one-on-
one questionnaire. A centralized and standardized train-
ing was conducted before questionnaire administration, 
and consistency among interviewers after training was 
> 95%. The training content includes clarifying the pur-
pose and meaning of the questionnaire, understand-
ing the principles and methods of questionnaire design, 
unifying the questionnaire indicators and filling require-
ments, and standardizing the procedures and methods 
of questioning. The questionnaire answers for the three 
surveys were not the same. Thus, in this study, common 
variables for all three questionnaires were identified, and 
the final inclusion variables were grouped into four cat-
egories, as follows: (1) basic demographic information, 
including name, sex, and age; (2) socioeconomic status, 

Fig. 1 The sampling process
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including registered permanent residence type, educa-
tion level, and annual household income; (3) personal 
lifestyle factors, including oral hygiene practices, sweets 
consumption, smoking, and alcohol consumption; and 
(4) dental health care behaviors, including the time since 
last dental visit, the reason for the last dental visit (within 
a year), and the payment mode of the dental visit (within 
a year).

Age was divided into two groups: 35–39 years old and 
40–44  years old. Registered permanent residence type 
could be classified into two categories: urban area and 
rural area. Education level was divided into two categories 
by the number of years at school, with the cutoff being 
the median years per survey: low educational attainment 
(≤ 9  years, graduation from junior high school or less) 
and high  educational  attainment (> 9  years, more than 
graduation from junior high school). Annual household 
income was categorized into 3 levels by quartiles per sur-
vey: low income (< quartile 1), medium income (quartile 
1 to quartile 3), and high income (> quartile 3). Tooth 
brushing was categorized by frequency as ≤ once per day 
or ≥ twice per day. Dental flossing was categorized by 
frequency as yes or no. Toothpaste was categorized into 
fluoride toothpaste or nonfluoride toothpaste. Sweets 
consumption, which included the consumption of sweet 
snacks and sweet beverages, was classified by frequency 
into three levels: rarely, sometimes (< twice per day), and 
often (≥ twice per day). Smoking and alcohol consump-
tion were classified as yes or no for each. The time since 
last dental visit was categorized by frequency as < one 
year or ≥ one year. The reason for the last dental visit 
(within a year) was categorized as treatment, consulta-
tion, or prevention. Dental visit payment mode (within a 
year) was classified as entirely out of pocket and nonfully 
out of pocket.

Statistical analysis
Due to the different distribution of the total population 
among the regions, post hoc stratification was required 
to ensure the sample population was representative of 
that region’s total population and to adjust for deviations 
in the sample and overall distribution of important indi-
cators caused by sampling. This method assigns ex post 
stratified weights to each sample, with the sample distri-
butions of indicators by weight consistent with the overall 
distribution. The ex post stratified weighted overall popu-
lation was the resident population of each city in Guang-
dong Province in 2010, with information obtained from 
China’s  National  Bureau  of  Statistics. Populations were 
stratified by sex (male and female) at each study sample 
point to improve the accuracy of the weights, and the 
stratification weights were calculated as follows: W = the 
proportion of males and females in the overall population 

of each city by sex/the proportion of males and females 
in the sample population of the corresponding measure. 
Data from this study were analyzed after being weighted 
and standardized using the above weightings.

Chi-square tests and Wilcoxon rank-sum tests were 
used to compare differences in the rates of MT > 0 and 
the mean numbers of MT among subgroups. The fac-
tors associated to tooth loss were analyzed by multi-
variate logistic regression analysis, including a summary 
section and a section stratified by the year of surveys. 
For the analysis of the summary section, six interaction 
terms generated by the year and the independent vari-
able was added to the regression analysis to detect the 
possible interactions with the survey period (years × age, 
years × sex, years × residence, years × education level, 
years × caries, years × periodontal pocket). Odds ratios 
(ORs) and 95% confidence intervals (95% CIs) were esti-
mated. The α level for statistical significance was set to 
0.05. All statistical analyses were performed using IBM 
SPSS Statistics version 25.0.

Results
Tooth loss status
Mean number of MT and prevalence of tooth loss
The overall distributions of the mean number of MT 
(H = 7.73, P = 0.021) and the rate of MT > 0 (χ2 = 7.89, 
P = 0.019) from 1995 to 2015 showed statistically  sig-
nificant differences. The changes from 1995 to 2005 were 
nonsignificant (P > 0.05); the mean number of MT and 
the rate of MT > 0 slightly increased from 0.94 and 40.8% 
to 0.99 and 42.9%, respectively. Moreover, there was 
a  significant decrease  from 2005 to 2015 (P < 0.05) from 
0.99 and 42.9% to 0.63 and 33.3%, respectively (Fig. 2).

The overall characteristics of the survey participants in 
1995, 2005, and 2015 are displayed in Table  1. In 1995, 
the sex differences in the mean number of MT and the 
rate of MT > 0 were not statistically significant, but the 
mean number of MT was higher in rural than in urban 
areas (Z = -2.35, P = 0.02). In 2005, the regional differ-
ences in the mean number of MT and the rate of MT > 0 
were not statistically significant, but the mean number of 
MT and the rate of MT > 0 were higher in females than 
in males (Z = -2.58, P = 0.01; χ2 = 5.15, P = 0.02). In 2015, 
the mean number of MT and the rate of MT > 0 were 
higher in rural than urban areas and in females than 
males, with statistically significant differences.

Mean number of MT at different tooth positions
The mean numbers of MT at all tooth positions in the 
different survey years are shown in Fig. 3A–C.

Among all the tooth positions, the first molar was the 
most common position in 1995, 2005, and 2015, fol-
lowed by the second molar, and both were higher in the 
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mandible than in the maxilla. In contrast, the mean num-
bers of MT in the anterior and first premolar positions 
were higher in the maxilla than in the mandible.

Univariate analysis
The result of the univariate analysis is shown in Table 2 
and is discussed considering four categories.

Socioeconomic status
A total of 45.4% of adults with low educational attain-
ment suffered from tooth loss; this proportion was 11.7% 

higher than that in those with high educational attain-
ment (P < 0.001). The sample distribution of annual 
household income was 32.7% for low income, 49.2% for 
medium income, and 18.1% for high income. The prev-
alence of tooth loss decreased with increasing income 
level, but the difference was not statistically significant.

Caries and periodontal status
In total, 60.8% of adults suffered from caries, and 30.3% 
suffered from periodontal pocket. The prevalence of 
tooth loss was higher in those with caries than in those 

Fig. 2 The changing trends of tooth loss. A Mean number of MT in different years of surveys; B Prevalence of tooth loss (MT > 0) in different years of 
surveys. Different characters (*, #) indicate significant differences between survey years (p < 0.05)

Table 1 Tooth loss status distribution of 35–44 years adults in Guangdong Province by residence areas, sex

a Chi-squared test
b Wilcoxon rank-sum test

*Statistical significance p < 0.05

Year of surveys Variable N MT > 0 MT

N (%) P  valuea
x± s P-valueb

Year of surveys: 1995 Total 400 163 (40.7) 0.94 ± 1.64

Residence Urban 200 74 (37.0) 0.127 0.68 ± 1.14 0.019*

Rural 200 89 (44.5) 1.21 ± 1.99

Sex Male 203 74 (36.5) 0.076 0.85 ± 1.67 0.083

Female 197 89 (45.2) 1.04 ± 1.62

Year of surveys: 2005 Total 720 309 (42.9) 0.99 ± 1.75

Residence Urban 361 152 (42.1) 0.659 0.97 ± 1.68 0.694

Rural 359 157 (43.7) 1.00 ± 1.82

Sex Male 359 139 (38.7) 0.023* 0.89 ± 1.77 0.010*

Female 361 170 (47.1) 1.09 ± 1.74

Year of surveys: 2015 Total 288 96 (33.3) 0.63 ± 1.13

Residence Urban 144 38 (26.4) 0.009* 0.51 ± 1.03 0.023*

Rural 144 59 (41.0) 0.74 ± 1.21

Sex Male 158 42 (26.6) 0.005* 0.47 ± 0.99 0.003*

Female 130 55 (42.3) 0.83 ± 1.25
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without (P < 0.001) and in those with periodontal pocket 
than in those without (P = 0.001).

Personal lifestyle factors
In total, 53.4% of adults brushed their teeth ≥ twice 
per day, 46.8% used fluoride toothpaste, and only 2.2% 
flossed. The above results suggest that the rates of tooth 
brushing and the use of fluoride toothpaste are accept-
able, but the practice of dental flossing needs to be pop-
ularized. The prevalence of tooth loss was lower among 
those who brushed ≥ twice per day, used fluoride tooth-
paste and flossed than among those who brushed ≤ once 
per day, used nonfluoride toothpaste, and did not floss. 
Those who frequently consumed sweets had a higher 
prevalence of tooth loss than those who rarely or some-
times consumed sweets. The prevalence of tooth loss was 
2.2% lower among smokers than nonsmokers and 3.7% 
lower among alcohol drinkers than among nondrinkers. 
None of these differences were statistically significant.

Dental health care behaviors
Most adults had not visited the dentist within a year 
since their last visit, with only 29.7% reporting a dental 
visit within the past year. Among those who had visited 
the dentist within a year, 93.1% visited to seed treatment, 
while only 6.9% visited for consultation or prevention 
purposes. Furthermore, 79.2% of adults had to pay for the 
cost of the dental visit out of pocket. None of these differ-
ences were statistically significant.

Regression analysis
Variables with a P value < 0.05 in the univariate analy-
sis were included in the multivariate logistic  regres-
sion  models. Survey year was included in the model 

as continuous variable to explore year-to-year changes 
better.

The multivariate logistic regression analysis showed 
that aged 40–44 years, females and caries or periodon-
tal pocket were significantly associated with a higher 
chance of MT > 0. High educational attainment was 
significantly associated with a lower chance of MT > 0 
(Table  3). When analyzing the interaction between 
the included variables and survey year, years × educa-
tion level and years × caries were significant and added 
as two interactive variables to the regression analysis. 
Respectively, the significant interactions between edu-
cation level and years indicated that from 1995 to 2015, 
the effect of high education attainment on a lower 
chance of MT > 0 increased. And the significant inter-
actions between caries and years indicated that from 
1995 to 2015, the impact of caries on a higher chance of 
MT > 0 decreased.

The above interaction results are consistent with the 
trends in Fig.  4. In Fig.  4A, there is a trend that the 
gap in the prevalence of tooth loss between the high 
and low educated population decreased. In Fig.  4B, 
there is a trend that the gap in the prevalence of tooth 
loss between the populations with and without caries 
decreased.

After stratification by survey year, the logistic regres-
sion subgroup analyses showed that those with low 
educational attainment and those suffering from caries 
or periodontal pocket had a higher chance of t MT > 0 
in 1995. In 2005, those with low educational attain-
ment, the presence of caries, and 40–44 years old were 
associated with a higher chance of MT > 0. In 2015, 
females, rural residents, and those with caries or perio-
dontal pocket had a higher chance of t MT > 0 (Table 4).

Fig. 3 A The mean number of MT in maxilla and mandible in 1995; B The mean number of MT in maxilla and mandible in 2005; C The mean 
number of MT in maxilla and mandible in 2015
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Discussion
The main finding of the study was that the following fac-
tors influenced the prevalence of tooth loss among survey 
years: educational level, caries, and periodontal pocket in 
1995; age, educational attainment, caries in 2005; and sex, 
residence, caries, and periodontal pocket in 2015. For the 
analysis of the interaction terms, years × education level 

Table 2 Univariate analysis of factors associated to MT > 0 
among 35–44 years adults in Guangdong Province

Variables N (%) MT > 0 (%) P-valuea

Age

 35–39 years old 720 (51.1) 252 (35.0)  < 0.001*

 40–44 years old 688 (48.9) 317 (46.1)

Year of surveys

 1995 400 (28.4) 163 (40.8) 0.019*

 2005 720 (51.1) 309 (42.9)

 2015 288 (20.5) 96 (33.3)

Sex

 Male 720 (51.1) 255 (35.4)  < 0.001*

 Female 688 (48.9) 313 (45.6)

Residence

 Urban 705 (50.0) 264 (37.4) 0.025*

 Rural 704 (50.0) 305 (43.3)

Education level

 Low educational attainment 800 (56.8) 363 (45.4)  < 0.001*

 High educational attainment 608 (43.2) 205 (33.7)

Annual household income

 Low income 457 (32.7) 196 (42.9) 0.404

 Medium income 687 (49.2) 270 (39.3)

 High income 253 (18.1) 98 (38.7)

Caries

 No 552 (39.2) 129 (23.4)  < 0.001*

 Yes 856 (60.8) 439 (51.3)

Periodontal pocket

 No 981 (69.7) 369 (37.6) 0.001*

 Yes 427 (30.3) 199 (46.7)

Tooth brushing

 ≤ Once per day 656 (46.6) 273 (41.6) 0.403

 ≥ Twice per day 752 (53.4) 296 (39.4)

Dental flossing

 No 1375 (97.8) 555 (40.3) 0.855

 Yes 31 (2.2) 12 (38.7)

Toothpaste

 Nonfluoride toothpaste 744 (53.2) 301 (40.5) 1.000

 Fluoride toothpaste 656 (46.8) 265 (40.4)

Sweet consumption

 Rarely 221 (16.9) 78 (35.3) 0.256

 Sometimes 953 (72.8) 392 (41.1)

 Often 136 (10.3) 57 (41.9)

Smoking consumption

 No 943 (67.0) 388 (41.1) 0.434

 Yes 465 (33.0) 181 (38.9)

Alcohol consumption

 No 801 (57.0) 336 (41.9) 0.161

 Yes 604 (43.0) 231 (38.2)

Time since last dental visit

 < one year 269 (29.7) 146 (54.3) 0.276

 ≥ one year 638 (70.3) 321 (50.3)

Table 2 (continued)

Variables N (%) MT > 0 (%) P-valuea

The reason of the last dental visit (within a year)

 Treatment 249 (93.1) 137 (55.0) 0.223

 Consultation 12 (4.5) 4 (33.3)

 Prevention 6 (2.4) 5 (71.4)

The payment mode of the dental visit (within a year)

 Nonfully out of pocket 56 (20. 8) 27 (48.2) 0.290

 Entirely out of pocket 212 (79.2) 119 (56.1)
a Chi-squared test

*Statistical significance p < 0.05

Table 3 Multivariate logistic regression analysis of factors with 
MT > 0 among 35–44 years adults in Guangdong Province

† Reference category

OR odds ratio, CI confidence interval

Variables MT > 0 (%) OR (95%CI)

Years

– 1.03 (0.99–1.07)

Age

 35–39 years  old† 35.0 –

 40–44 years old 46.1 1.41 (1.12–1.77)

Sex

  Male† 35.4 –

 Female 45.6 1.29 (1.02–1.63)

Residence

  Urban† 37.4 –

 Rural 43.3 1.09 (0.86–1.39)

Education level

 Low educational  attainment† 45.4 –

 High educational attainment 33.7 0.52 (0.35–0.78)

Caries

  No† 23.4 –

 Yes 51.3 7.04 (4.51–10.98)

Periodontal pocket

  No† 37.6 –

 Yes 46.7 1.53 (1.19–1.96)

Education level × years

– 1.04 (1.01–1.07)

Caries × years

– 0.93 (0.89–0.96)
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and years × caries were significant. This means that while 
there are factors that persist over time, there are also ine-
quality factors that change over time.

In this study, the mean number of MT and the preva-
lence of tooth loss in 1995 and 2005 were nonsignificant 
differences, but they significantly decreased from 2005 to 
2015. The decline may be due to the increased investment 
in health services and the effectiveness of oral prevention 
strategies in China. The mean number of MT in 2015 
was 2.3, and the prevalence of MT > 0 was 75.5% in adults 
aged 35–44 in China [18]. In the UK, the number of 
remaining teeth in adults increased from 21.9 in 1968 to 
25.7 in 2009 [22]. In Germany, the prevalence of missing 
teeth > 0 decreased from 76.6% in 1997 to 58.8% in 2005 
and to 56.8% in 2014 [23]. In addition, the mean num-
ber of MT in Brazil decreased from 13.5 in 2002–2003 
to 7.4 in 2010 [24]. The studies summarized above show 
that the status of tooth loss among adults in Guangdong 
Province is relatively better than those in China overall 
and abroad and that there is a trend toward improve-
ment. However, this may also be associated to the fact 
that residual roots and crowns were not considered miss-
ing teeth at the time of the surveys utilized in this study. 
Meanwhile, The mean number of MT among all tooth 

Fig. 4 Trends in the prevalence of tooth loss (MT > 0). A 
Trends in education attainment in different years of surveys; B Trends 
in caries in different years of surveys

Table 4 Multivariate logistic regression analysis of factors with MT > 0 among 35–44 years adults in Guangdong Province stratified by 
the year of surveys

OR odds ratio, CI confidence interval
† Reference category

Variables 1995 2005 2015

MT > 0 (%) OR (95%CI) MT > 0 (%) OR (95%CI) MT > 0 (%) OR (95%CI)

Age

 35–39 years  old† 39.8 – 34.4 – 29.9 –

 40–44 years old 41.8 0.80 (0.50–1.29) 52.3 1.81 (1.32–2.48) 37.1 1.52 (0.90–2.56)

Sex

  Male† 36.5 – 38.7 – 26.6 –

 Female 45.2 1.14 (0.71–1.83) 47.1 1.13 (0.82–1.56) 42.3 2.04 (1.21–3.46)

Residence

  Urban† 37.0 – 42.1 – 26.4 –

 Rural 44.5 1.09 (0.67–1.80) 43.7 0.86 (0.62–1.20) 41.0 2.63 (1.43–4.84)

Education level

 Low educational  attainment† 48.2 – 47.5 – 35.4 –

 High educational attainment 31.7 0.43 (0.26–0.73) 35.9 0.67 (0.48–0.94) 31.5 1.62 (0.88–2.98)

Caries

  No† 9.3 – 28.8 – 24.8 –

 Yes 55.7 13.76 (7.13–26.56) 53.5 2.63 (1.89–3.67) 39.1 2.07 (1.18–3.63)

Periodontal pocket

  No† 37.5 – 40.0 – 30.1 –

 Yes 49.5 1.97 (1.16–3.34) 50.8 1.39 (0.96–1.98) 38.2 1.77 (1.04–3.02)
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positions in the three surveys was highest for the first and 
second molar and was particularly significant in the man-
dible. This result is similar to domestic and international 
findings that emphasize the larger number of missing 
teeth at the molar position [18, 25, 26].

Differences in the prevalence of tooth loss by sex and 
residence were not statistically significant between 1995 
and 2005. However, the chance of tooth loss was about 
2.04 times higher in females than in males and about 
2.63 times higher in rural areas than in urban areas in 
2015, with similar results reported in other studies [18, 
27, 28]. There were sex differences between two studies 
conducted in Iran and Vietnam [29, 30], and there were 
residency differences in a study in the Netherlands [31], 
whose results are contrary to our study. The differences 
in the sex and residency results may be associated to dif-
ferent countries’ cultures and economic development 
levels.

Education level is an essential indicator of inequal-
ity and this topic has been explored in several studies 
[32–34]. The chance of tooth loss in 1995 and 2005 were 
about 0.43 and 0.67 times lower, respectively, in adults 
with high educational attainment than in those with low 
educational attainment. In contrast, the difference in the 
prevalence of MT > 0 between education levels in 2015 
was not statistically significant. The results in 1995 and 
2005 suggest that higher educational attainment is ben-
eficial in preventing tooth loss, consistent with the find-
ings of other national studies [23, 35, 36]. For the results 
in 2015, this study inferred that the main reason was that 
the increase in education level over time reinforced its 
preventive effect on tooth loss. There are several reasons 
for this inference. First, multivariate logistic regression 
analysis showed a significant interaction between educa-
tion level and years. That means high education attain-
ment’s preventing effect on tooth loss prevalence was 
enhanced over time. Second, the difference in the preva-
lence of tooth loss by educational level showed a signifi-
cant tendency to decrease with the years. Thirdly, the 
distribution of the number of years of education in this 
study showed that the proportion of those with > 9 years 
of education was less than the proportion of those with 
≤ 9  years of education in 1995 and 2005, but the two 
categories contained the same proportion in 2015. The 
abovementioned changes may be explained by the nine-
year compulsory education policy, which has been imple-
mented in China since 1986, suggesting that the average 
education level increased significantly and the inequality 
in the impact of education level on tooth loss decreased 
over the two-decade study period. It is believed that the 
education levels of 35- to 44-year-old adults in Guang-
dong Province will gradually increase, which may have a 
positive impact on the situation of tooth loss.

Caries is, along with tooth loss, the most prevalent and 
vital oral disease worldwide [2]. It is also the leading cause 
of tooth loss [2]. The presence of caries was the only asso-
ciated factor in all three surveys. In exploring the inter-
action between caries and time, it was shown that the 
negative effect of caries on the prevalence of tooth loss 
over time significantly diminished. The chances of tooth 
loss among those with caries in the three surveys were 
about 13.76 times, 2.63 times, and 2.07 times higher than 
those among people without caries, with caries rates of 
67.7%, 57.0%, and 60.7%, respectively. And the differences 
in the prevalence of tooth loss by caries showed a ten-
dency to decrease with the year of the surveys. The above 
results showed a decreasing trend, suggesting that caries 
prevention strategies were effective. However, the caries 
rate in 2015 was higher than that in 2005, suggesting that 
the impact of caries on tooth loss cannot neglected, and 
prevention and treatment measures for caries should be 
strengthened. This is the same view as in a prospective 
population-based cohort study in Brazil: tooth loss is the 
result of the progression and accumulation of treatments 
requiring tooth decay, and it is possible to avoid tooth 
loss by investing in effective public policies dealing with 
prevention and treatment in the early stages of dental 
caries [37]. Besides, it is important to note the connec-
tion between caries and periodontal disease. The chances 
of tooth loss among those with periodontal pocket were 
1.97 and 2.77 times higher than those without periodon-
tal pocket in 1995 and 2015. The periodontal pocket rates 
were 26.7%, 27.4% and 42.4%, respectively, with a signifi-
cant increase in 2015. A previous review emphasized the 
negative role of root caries in the long-term preservation 
of teeth in patients with periodontal disease, and another 
study analyzed the risk of root caries in patients with 
periodontitis [38, 39]. The results indicate an interactive 
effect between root caries and periodontitis. However, 
the relationship between crown caries and periodontal 
disease is still not clear and has been reported to be posi-
tive, negative, and unrelated [40–43]. In a recent article 
from China on the relationship between caries and peri-
odontal disease, it was stated that among people aged 
35–44  years, periodontitis had a significant association 
with mixed or root caries [44]. Therefore, the interaction 
between caries and periodontal disease needs to be rec-
ognized to prevent the adverse effect of tooth loss.

This study has several limitations. First, this study used 
data from three cross-sectional rather than continuous 
prospective data; thus, it cannot accurately predict the 
status of tooth loss in the next decade. Second, given 
the deviations in the samples and overall distributions 
of important indicators caused by the sampling method, 
this study assigned ex post stratified weights to each sam-
ple. Additionally, it explored the potential causal effects 
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of confounding factors in each survey year. Nevertheless, 
there may still be bias in the results due to differences 
associated with time periods and economic development 
levels. Finally, the three surveys included different dental 
examination items and questionnaire contents, resulting 
in a reduction in the number of common variables and 
preventing comprehensive analysis of the prevalence of 
tooth loss from all perspectives.

Conclusions
In summary, the epidemiological status of tooth loss 
among adults aged 35–44 years in Guangdong Province 
in 2015 significantly improved compared with those in 
1995 and 2005. At the same time, there is a clear trend 
at the educational level that the preventive effect of edu-
cation level on tooth loss has increased over time, and 
the inequality in the prevalence of tooth loss in terms of 
education level has gradually decreased. However, addi-
tional precautions for specific populations are necessarily 
based on factors associated with tooth loss. These pop-
ulations include women, those living in rural areas, and 
those suffering from caries or periodontal pocket.
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