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Objective: This study aimed to assess the factors associated with tooth loss in an adult
population in Guanajuato, Mexico.
Methods: This cross-sectional study included individuals enrolled in a community program
(2014-2016). Data were gathered through closed-ended questions about sociodemographic char-
acteristics such as sex, age, and schooling. Oral hygiene practices, self-perceived oral health,
dental visits during the last 12 months, smoking habits, and diabetes status of the participants
were also recorded. A clinical evaluation was performed for each person to register decayed,
missing, and filled teeth (DMF-t). Descriptive statistics, bivariate analysis, and negative binomial
models were used to identify variables associated with the number of missing teeth.
Results: A total of 1640 persons were included in the study. The mean age was 41.6 (+15.4)
years; 63.6% were female; and 52.7% had at least 1 missing tooth, with a mean of 2.9 (+4.6)
missing teeth. The mean number of missing teeth increased by 5% per year relative to age.
Females (relative ratio [RR]=1.40), smokers (RR =1.56), people with diabetes who smoke
(RR=3.62), and people who rated their oral health as fair or poor (RR = 1.2) had higher mean
values of missing teeth. In contrast, individuals who achieved a high school degree (or above)
(RR=0.81), practiced daily toothbrushing (RR=0.63), or practiced regular toothbrushing and
flossing (RR = 0.65) had fewer missing teeth.
Conclusions: More than half of the population has at least 1 missing tooth. The number of
missing teeth is higher in individuals with diabetes and unhealthy habits such as smoking.
Good oral hygiene practices play an essential role in preventing tooth loss.
© 2021 The Authors. Published by Elsevier Inc on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Moreover, tooth loss also affects the person’s aesthetic, self-
perception, and decreases the health-related quality of life.*>*®

Although tooth retention has increased in most countries
during the last few decades, tooth loss is a critical health
problem worldwide' that negatively impacts the daily lives of
many individuals.” Oral functions such as speaking, eating,
and swallowing may be impaired as a result of tooth loss,
leading to a change in the diet and nutrition of the individual.
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Tooth loss is mainly linked to oral conditions such as caries
and periodontal disease.” However, this alteration has also
been associated with other traits, such as socioeconomic
factors (eg, age and educational qualifications),®® use of
health services, lifestyle, and unhealthy behaviours (eg, smok-
ing habits).'® Additionally, some oral hygiene habits have been
positively associated with the number of teeth an individual
retains. For example, it has been reported that the use of mul-
tiple hygiene devices (eg, dental floss and mouthwash)
fosters higher tooth retention indices.’~*? Additionally, some
systemic diseases, such as diabetes, have been associated
with tooth loss.”*
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The World Health Organization (WHO) uses the tooth loss
indicator as a marker of oral health. A target of the World
Health Organization is to reduce the number of missing teeth
at the ages 18, 35-44, and 65-74 years by 2020. Every country
specifies the percentage reduction.’” In Mexico, the goal for
2018 was to reduce decayed, missing, and filled teeth to <3
Tooth loss is a marker of current health and represents the
history of dental diseases. Given the cumulative nature of
missing teeth, it reflects the dental treatment provided
throughout an individual’s life."”*®

In recent years, in Mexico, research has been performed to
evaluate the link between certain risk factors for tooth loss;*”
however, these studies mainly have focused on systemic con-
ditions without considering behavioural patterns. Hence, this
study aims to identify variables associated with tooth loss in
an adult population in Mexico, such as sociodemographic
traits, oral hygiene patterns, self-perceived oral health, oral
symptoms, and caries experience.

Methods

Participants enrolled in Community Oral Health Program from
2014 to 2016 were included in this cross-sectional study. This
program was designed to supply coverage to rural and peri-
urban areas in municipalities within the State of Guanajuato,

central Mexico, providing free dental treatment to anyone who
requested it. Patients were treated by operator-assistant pairs
of undergraduate and postgraduate students under the surveil-
lance of a coordinator. Although the program provided cover-
age to citizens of all ages, only patients older than age 18 years
were considered for this study.

The number of missing teeth was obtained from the tooth
loss counting carried out by the clinical examiner and according
to the decayed, missing, and filled teeth (DMF-t) index. Third
molars were excluded. The independent variables were age,
sex, self-perceived oral health, dentist attendance, oral hygiene
patterns, use of oral cleaning devices, and oral symptoms such
as gingival bleeding, halitosis, and oral pain (Table 1).

In the statistical analysis, toothbrushing frequency and
dental floss use were combined to create a single variable
that encompasses oral hygiene as a local risk factor. Smoking
and diabetes were merged to create another variable that rep-
resents the general health risk factor.

Descriptive data analyses were carried out according to
the scale of the variables: Proportions were considered for the
nominal variables, whereas central tendency measures and
dispersion were applied in the case of the quantitative varia-
bles. A bivariate analysis was carried out using the Mann-
Whitney or Kruskal-Wallis tests and the Spearman correla-
tion test depending on the nature of the variable. Finally, the
variables with a P value <.20 in the bivariate test were

Table 1 - Studied variables.

Age
Sex Male
Female
Schooling The maximum completed degree studied No formal education
Elementary
Middle school
High school
Self-rated OH appearance In general, how would you rate the appearance of your teeth? Excellent-good
Fair-poor
Self-rated OH status In general, how would you rate your oral health? Excellent-good
Fair-poor
Dentist attendance Dental attendance in the last 12 months Yes
No
Oral hygiene patterns  Toothbrushing frequency Do you brush your teeth every day? Yes
No
Use of oral devices Dental floss Yes
No
Mouthwash Yes
No
Oral symptoms Gum bleeding Gum bleeding in the last 4 weeks Yes
No
Halitosis Bad breath in the last 4 weeks Yes
No
Oral pain Pain in teeth/mouth in the last 12 months Yes
No
Oral hygiene instructions Have you ever received instructions on how to cleanse your Yes
mouth? No
Smoking Do you smoke? Yes
No
Systemic medical conditions  Diabetes Yes
No
Caries experience DMFT index Affected teeth number

DMFT = decayed, missing, and filled teeth; OH = oral hygiene.
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included in a negative binomial regression model to obtain
relative risk values and 95% ClIs. In all analyses, a 2-sided P
value of less than .05 was considered statistically signifi-
cant.

This study was approved by the Ethics and Research
Committee of the National School of Higher Education of
the National Autonomous University of Mexico, Leén cam-
pus.

Results

A total of 1874 persons were evaluated, but 234 profiles were
excluded from the study because of the lack of data for 1 or
more covariates. Therefore, 1640 persons were included in
the analysis. The mean age of the participants was 41.6
(+15.4) years, and 66.3% were female. In terms of education,
23.3% of the participants reported no formal schooling,
whereas 29.9% reported having attended elementary school,
29.8% middle school, and 17.0% high school or above (Table 2).
Out of the 1640 participants, 52.7% had at least 1 missing
tooth, with a mean value of 2.9 (+4.6) missing teeth, and a
median value of 1.0. When analysed by age groups, the values

were 18-30 years, a mean of 0.23 + 1.0; 31-59 years, a mean of
2.2 +3.8; and 60 years or older, a mean of 6.7 & 7.5.

Additionally, 10.6% of the participants perceived their oral
health to be excellent or good, and the rest (89.4%) rated it as
fair or poor (Table 2).

In the bivariate analysis, no differences were observed in
the mean of missing teeth among males and females
(P=.916). Nonetheless, according to the Spearman correlation
test, age (r=0.441, P < .001), caries (p=0.090, P < .001), and
filled teeth (p=0.111, P < .001) were positively correlated with
missing teeth. In addition, schooling, self-rated oral health,
self-rated oral appearance, diabetes, smoking, and tooth-
brushing patterns were significantly associated (P < .05) with
tooth loss. Those reporting better self-rated oral health, oral
appearance, and better toothbrushing patterns have more
teeth, whereas those who smoke and have diabetes have
fewer teeth.

However, attending a dentist in the previous 12 months,
having been instructed on how to perform oral hygiene, or
having had pain in the last 12 months were related to missing
teeth (P > .05). Similarly, this finding was observed regarding
decayed teeth (Table 2).

The multivariate negative binomial regression analysis
results showed that the mean number of missing teeth

Table 2 - Bivariate analysis.

Decayed teeth Missing teeth Filled
n % Mean* SD P Mean* SD P Mean* SD P

Men 596 36.3 6.38 5.45 297 2.83 4.97 916 0.84 2.02 <.001
Women 1044 63.6 6.62 5.31 3.04 5.65 1.45 291
No formal education 383 23.3 6.59 5.03 .040 5.58 7.52 <.001 1.04 2.62 .333
Elementary 490 29.9 6.74 5.75 2.58 4.29 1.33 2.78
Middle school 488 29.8 6.75 5.32 1.98 3.71 1.27 271
High school or more 279 17.0 5.58 5.04 0.72 1.74 1.46 2.45
Self-rated OH excellent-good 174 10.6 5.26 4.94 .003 2.19 4.39 .023 1.56 3.12 403
Fair-poor 1466 89.4 6.68 5.38 3.85 6.26 1.23 2.62
Self-rated OH appearance excellent-good 208 12.7 5.97 5.27 .145 2.02 4.08 <.001 1.29 2.37 .303
Fair-poor 1427 89.3 6.61 5.36 3.94 6.35 1.26 2.72
Diabetes 1526 6.9 5.81 5.01 119 5.45 6.78 <.001 1.19 2.81 494
No diabetes 114 93.1 6.62 5.39 2.57 5.05 1.20 2.67
Smoking 163 9.9 6.64 5.40 754 3.67 4.98 <.001 1.18 2.69 191
No smoking 1477 90.1 6.53 5.35 2.86 4.09 1.27 2.68
Oral pain
Once or more in the last 12 months 378 23.0 6.68 5.40 .110 2.65 5.58 222 1.25 2.56 .130
Never 472 28.8 6.11 5.10 2.94 5.24 1.33 3.04
Gum bleeding 840 51.2 6.63 5.38 .546 1.43 2.94 .218 1.30 2.75 496
No gum bleeding 700 48.8 6.45 5.34 2.29 4.75 1.22 2.62
Halitosis 977 59.6 6.85 5.43 .010 1.88 3.97 481 1.32 2.80 442
No halitosis 663 40.4 6.10 5.22 1.84 3.96 1.18 2.53
Daily toothbrushing 1573 4.1 4.42 4.42 .042 2.48 4.7 <.001 1.30 2.73 .065
No daily toothbrushing 67 95.9 6.57 6.57 6.01 7.70 0.57 1.55
DA last 12 months 830 50.6 6.42 5.29 111 2.61 4.67 .905 1.21 2.65 <.001
No DA in the last 12 months 810 49.4 6.78 5.10 2.85 5.57 1.67 2.95
Flossing 174 11.6 6.69 5.23 .590 0.96 1.64 .079 1.78 2.84 <.001
Not flossing 1119 88.4 6.53 5.38 3.03 5.47 1.21 2.68
OHI 1056 64.4 6.32 5.24 .098 241 4.64 318 1.53 2.94 <.001
No OHI 584 35.6 6.86 5.50 3.25 5.70 0.90 2.26

DA = dental attendance; DMF = decayed, missing, and filled teeth; OH = oral hygiene; OHI = oral hygiene instructions; SD = standard deviation.

* DMF mean according to sociodemographic, behavioural characteristics, and oral symptoms of the studied sample (n = 1640).

T Based on Kruskal-Wallis/Mann-Whitney tests
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Table 3 - Associated factors to tooth-loss for the studied
population (n = 1640).

95% CI
IRR P Lower Upper

Age 1.051 <.001 1.048 1.054
Male — — — —
Females 1.401 .048 1.01 1.95
No schooling — — — —
Elementary 0913  .140 0.810 1.029
Middle school 1.002 .970 0.880 1.140
High school or more 0.813 .024 0.680 0.972
Local risk-factors — — — —

No daily TB/No flossing
No daily TB/Flossing NC* NC* NC* NC*
Once or more a day TB/No 0.847 .06 0.714 1.006

flossing
Once or more a day TB/Flossing 0.654 <.001  0.520 0.822
General risk factors — — — —

No Diabetes/No smoker
No diabetes/Smoker 1.567 <.001 1.328 1.850
Diabetes/No smoker 0.965  .603 0.847 1.101
Diabetes/Smoker 3.621 <.001 2.867 4.574
Self-perceived oral health — — — —

Excellent-Good
Fair-Poor 1.283 .001 1.101 1.496
Self-perceive oral appearance
Excellent-Good — — — —
Fair-Poor 1.327 .003 1.098 1.603
Decayed 0.967 <.001 0.957 0.977
Filled 0.963 0.945 0.982
_cons 0.203 <.001 0.148 0.277

Negative binomial regression for number of teeth loss.
CI=confidence interval, IRR=incidence rate ratio; NC=no cases;
TB = toothbrushing.

increased 40% in females and increased by 0.5% (P < .001) per
year increase in age. Individuals who have a higher schooling
level (high school or above) have, on average, 18% fewer miss-
ing teeth compared to individuals with no schooling (P = .024).
According to oral hygiene patterns, people who brush their
teeth daily have 16% fewer missing teeth, and those that
brush their teeth daily and floss them have 35% fewer miss-
ing teeth than those who do not participate in these practices
P <.001) (Table 3).

The mean number of missing teeth is 56% higher in smok-
ers than in nonsmokers, and it is 260% higher in people who
smoke and have diabetes than in those who do not (P < .001)
(Table 3).

In addition, the mean number of missing teeth among people
who perceive their oral health to be fair or poor is 28% greater
than among those who recognized it as excellent or good. Lastly,
for every decayed and filled tooth, the mean number of missing
teeth diminished by almost 0.4% (P < .001) (Table 3).

Discussion

This study evaluated factors associated with tooth loss in an
adult population of Guanajuato, Mexico. The findings showed
that more than half of the population had at least 1 missing
tooth, and the number of missing teeth was significantly

higher in those who were smokers and had diabetes. Age and
educational level were also correlated with missing teeth.
The number of missing teeth increased per yearly increase in
age. People with better educational qualifications had fewer
missing teeth. Additionally it was shown that good oral
hygiene plays an essential role in preventing tooth loss.

Although, Mexico is considered an upper-middle-income
country, the prevalence of tooth loss in our study was 57.2%,
which is similar to that reported in low-middle income coun-
tries.'® Kassebaum' reported similar results in the global burden
of severe tooth loss. In that report, the prevalence of severe
tooth loss for Mexico was significantly higher than the global
mean. This situation may be multifactorial. In Mexico, dental
preventative treatments are not widely received by certain
income groups. People generally go to the dentist when there
are severe problems such as dental pain and tooth mobility, so
when seeking treatment, only tooth removal is possible because
theproblem is advanced. Additionally, the prevalence of dental
visits in this population also depends on the type of communi-
ties that the dental school serves; many served communities
are low income and with a low to middle education level.”

Similar to other studies,’>** we observed that, on average,
women had more missing teeth than men. The reasons for
this are unclear but may be linked to the fact that women are
more likely to seek dental care.”® Perera”® observed that
health services use was associated with more missing teeth;
thus, women might have received dental extractions more
often. Besides, in some places in Mexico, people might ask
dentists to remove 1 or several teeth as a short-term solution
to teeth-related problems, probably because of the economic
burden of having to pay for other treatments. This situation
is similar to that observed by Petersen’® in many developing
countries, where access to oral health care is limited, and
teeth often remain untreated or are extracted.

Regarding age and tooth loss, we found an association
between age and tooth loss, consistent with that reported
before””~?° derived from studies focused mainly on elderly
populations. Nonetheless, we included a large sample with a
wide range of ages and observed that the average number of
missing teeth increased by 5% for each year of the patient’s
age, suggesting that in this population tooth loss is a problem
that affects people of all age groups.

In line with previous findings, in developed and develop-
ing countries, educational level was related to missing teeth,
showing that people with higher educational qualifications
have fewer missing teeth.®293? Perhaps, people with better
education have better oral hygiene practices, which promotes
better oral health and leads to better retention of natural
teeth. In this sense, our results support and reinforce the idea
that the combination of hygiene practices is associated with
tooth retention. Those who brush their teeth daily have fewer
missing teeth, and if this practice is complemented with
flossing, the number of missing teeth decreases considerably.
Additionally, there is enough evidence showing positive asso-
ciations between healthy behaviours and a reduction in the
risk of oral cancer, a decrease in the average decayed, missing,
and filled teeth, and a lower prevalence of periodontal disease.
The latter 2 conditions are the core causes of tooth loss.*
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Smoking and diabetes

We observed that the mean value of missing teeth in a person
who smokes and has diabetes is almost three times higher
compared to healthy nonsmokers. In the same way, reports
indicate an increase in the risk of having oral problems
related to smoking or diabetes in developed and developing
countries.'**¢ Smoking is a risk factor for several types of
cancer, including oral cancer. Furthermore, smoking is an
important risk factor for periodontal disease and tooth loss,
and it has been suggested that it also promotes modifications
in the oral environment, resulting in a high incidence of caries,
which eventually leads to tooth loss.>? Therefore, oral health
professionals should educate patients with chronic diseases,
such as diabetes, about the risks of this condition to their oral
health. Specifically, dentists in Mexico should reinforce strate-
gies to promote smoking cessation among their patients, fol-
lowing the stipulation in the Official Mexican Standard NOM-
013-SSA2-2015 for the prevention and control of oral disease.*

One of the strengths of the study is to have included a large
sample of the general population, evaluating not only general
health factors but also behavioural ones; also, diabetes and
smoking were analysed as variables that interact and not as
separate factors. On the other hand, some limitations of this
study should be mentioned. First, results must be taken cau-
tiously because of the cross-sectional design; no causality could
be identified. In addition, we did not evaluate the socioeco-
nomic position per se. Instead, we used the educational level as
the sole indicator of this variable, based on the idea that a given
socioeconomic status is related to a given academic level.

Another limitation is the lack of assessment of periodonti-
tis, which is linked to the number of missing teeth. Nonethe-
less, diabetes and smoking are the main risk factors
associated with periodontitis, and these 2 factors were
included in the study. These 2 factors, separately, are associ-
ated with tooth loss. Specifically, smoking is 1 of the 2 leading
causes of tooth loss. It might be an indicator of an unhealthy
lifestyle that includes poor oral hygiene, poor diet, and a sed-
entary lifestyle.

Finally, our results indicate that the conventional oral
health approach is neither sufficient nor efficient to prevent
tooth loss; tooth loss should be urgently addressed through
the implementation of community preventive programs
under the common risk factor approach that focuses on risk
factors that are common to many chronic health conditions
within the context of the broader socioenvironmental set-
ting.*” It is vital that all health care workers focus their efforts
on common risk factors, in this case, unhealthy personal hab-
its. In doing so, they would contribute to the reduction of
chronic diseases and, at the same time, mitigate unhealthy
oral conditions that lead to tooth loss and its consequences.

Conclusions

More than half of the population has at least 1 missing tooth.
The number of missing teeth is higher in those with diabetes
and unhealthy habits such as smoking. Increased preventive
practices lead to tooth retention.
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