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Abstract: Tooth loss continues to be a prevalent condition in Brazilian adults and elderly individuals. The aim of this cross-sectional study,
conducted among workers in a wholesale grocery chain in the State of
São Paulo, was to identify risk indicators for tooth loss in adults. The
presence of caries and periodontal status were examined in 387 adults
aged 20–64 years, according to World Health Organization criteria. Two
outcomes were analyzed: loss of one or more teeth, and loss of four or
more teeth. Independent variables analyzed were demographic and socioeconomic factors, clinical conditions, use of dental services, and selfperceived oral health. Poisson regression models were used for multivariate statistical analysis. Participants were missing a mean of 5.38 teeth,
and 76.9% (n = 297) had lost at least one tooth; the most frequently lost
teeth were permanent molars. Older age and the presence of visible dental biofilm were associated significantly with the two tooth loss outcomes
(p < 0.05). Individuals who had visited the dentist 3 or more years previously showed a lower prevalence of tooth loss (prevalence ratio = 0.79;
95% confidence interval, 0.68–0.91). Those with lower household incomes were significantly more likely to have lost four or more teeth (prevalence ratio = 1.35; 95% confidence interval, 1.07–1.70). Study results
indicated that age and dental biofilm were risk indicators for tooth loss,
independently of socioeconomic factors. These risk indicators should be
considered when planning oral health programs for adults.
Descriptors: Oral Health; Adult; Epidemiology.
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Tooth loss in adults and elderly individuals continues to be an oral
health hazard that has negative impacts on quality of life and interferes
with work activities.1 Missing teeth can interfere with chewing ability,
diction, and esthetics. Low self-esteem related to tooth loss can hinder
an individual’s ability to socialize, hamper the performance of work and
daily activities, and lead to absence from work. 2 Thus, the identification
of tooth loss risk indicators in workers is an important public health
measure.
Caries and periodontal disease are the main reasons for tooth loss in
adults.3 In addition to clinical causes, other factors have been associated
with tooth loss, such as the dental service used, time since the last visit to
the dentist, reason for seeking treatment, and lifestyle, demographic and
socioeconomic factors.4,5
Adults and elderly individuals in Brazil have a high number of missing
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teeth. In the first national oral health survey, conducted in 1988, missing teeth accounted for 65.4%
of decayed/missing/filled teeth (DMFT) in adults
aged 35–44 years, and 93% of DMFT in elderly
individuals (aged 65–74 years).6 The possession of
functional teeth and the maintenance of oral health
are extremely important for adults in order to carry
out daily activities and to enjoy interpersonal relationships2 and healthy aging; compromised health,
including oral health, can interfere with the ability
to work. Therefore, the objective of this study was
to identify tooth loss indicators in adult workers in a
wholesale grocery chain.

Methodology
Ethical issues
This study was approved by the Research Ethics Committee of the Piracicaba School of Dentistry,
University of Campinas (No. 122/2005). All adults
who participated in the study provided written free
and informed consent.

Study design and location
This cross-sectional study was conducted among
adults who worked in a wholesale grocery chain.
The company is located in the metropolitan region
of São Paulo (Brazil), which has 19,889,559 inhabitants.7 Data were collected between July 2008 and
August 2009.

Sample
Adults aged 20–64 years were recruited for this
study. The sample size was calculated based on caries experience data from the most recent oral health
study conducted in the State of São Paulo. Calculations were performed for two age ranges within the
study group:
• for adults aged 20–29 years, the mean DMFT index of 8.86 ± 5.18 for the 19-year-old age group
was used;
• for those aged 30–64 years, the mean DMFT
index of 20.32 ± 7.619 for 35–44-year-old adults
was used.
A 95% confidence interval, 20% accuracy, and
design effect of 2 were adopted. To this total, 20%

was added to compensate for possible losses and refusals, resulting in a calculated sample size of 376
volunteers. The sample was stratified by age after
sample size calculation, and the age range for adults
recommended by the World Health Organization
(WHO) was used. Thus, the study sample was divided into three groups aged 20–34, 35–44, and
45–64 years.
Company managers were contacted in advance
to explain the research procedure. Twenty-five visits were planned, and in each visit 16 employees
were randomly selected, resulting in the selection
of 400 adults. Two thousand employees comprised
the study universe in 2009. All company employees
were informed about the research, and the following
inclusion criteria were applied:
• subjects had to be within the stipulated age
range,
• have the cognitive ability to answer the questionnaire,
• agree to participate in the research.
The study was conducted until the number of
participants equivalent to the sample size calculation was attained.

Data collection
Oral examinations were conducted in the internal environment of the company under natural lighting using oral mirrors and community periodontal
index (CPI) probes, as recommended by the WHO.
The examiner was trained by a reference examiner
via a total of 8 hours of theoretical and practical
discussions, until at least 90% concordance in the
assessment of coronal caries was obtained.10 Intraexaminer agreement was 98.5%, within the standard of reliability.11
Coronal tooth decay and periodontal status were
clinically assessed.12 Caries was assessed using the
DMFT index, periodontal status was verified by the
CPI index, and dental biofilm was assessed using the
criteria of Ainamo and Bay.13
Each participant completed a 61-item questionnaire that was prepared for the purpose of collecting
demographic and socioeconomic data, and assessing
factors related to general and oral health. Some ques-
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tions were taken from a national survey conducted
in 2003,14 and others were developed for the study
and were validated by pilot studies in adults prior
to the beginning of research. The questionnaire was
self-administered and participants were assured of
confidentiality to prevent possible information bias
due to their status as company employees.

Statistical analysis
Data were tabulated in SPSS 17.0 software (IBM,
Chicago, USA) and Microsoft Excel. First, a descriptive analysis of studied variables was performed. In
separate analyses, the following two tooth loss outcomes were used as dependent variables:
• (1) participants who had lost no teeth were compared with those who had lost one or more teeth,
and
• (2) participants who had lost up to three teeth
(that was the median number of teeth lost) were
compared with those who had lost four or more
teeth.
The independent variables studied were dichotomized and reclassified to verify associations with
outcomes. The age variable was divided into three
groups: 20–34, 35–44, and 45–64 years. The cutoff
point for personal and household income monthly
was the median, US$588.24. Education was classified into three groups: ≤ 8 years (elementary school),
9–11 years (high school), and > 11 years (complete
or incomplete higher education). Employees’ occupations were classified as skilled, partly skilled, or
unskilled. The type of service used for the last visit
to the dentist was categorized as a public, private,
or health insurance clinic, and the time of the last
visit was recorded as < 1, 1–2, or ≥ 3 years previously. Reasons for going to the dentist were grouped
into routine examination, pain, or other; and participants’ assessment of the service received was dichotomized as good or not good. The clinical variables
used in the analysis were clinical attachment loss
(CAL) ≥ 4 mm, presence of untreated carious lesions,
need for treatment, and presence of dental biofilm.
Bivariate analyses were conducted, and all independent variables yielding p-values < 0.25 were
included in the Poisson regression analyses with ro-
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bust variance.

Results
A total of 386 adults [54.7% (n = 211) female]
aged 20–64 (mean, 32.65) years who worked in the
metropolitan region of São Paulo were examined. Of
400 employees selected, 14 refused to participate.
In the total sample, caries experience, measured
by the DMFT index, was 14.56 ± 8.31 and the mean
number of missing teeth was 5.47 ± 6.81. Only
1.9% (7/386) of workers examined were edentulous,
and 76.9% (n = 297) had lost at least one tooth. The
distribution of tooth loss in the sample is shown in
Figure 1. The most frequently lost teeth were the
permanent first molars (Figure 2).
Prevalence ratios (PRs) for the outcome of the
loss of one or more teeth are shown in Table 1. After adjustment in the regression model, the highest prevalence of tooth loss was found in individuals aged 45–64 years, followed by those who had
dental biofilm and those who had visited the dentist
< 1 year previously (Table 1). Univariate analysis revealed associations with the same variables, as well
as with smoking habit (PR = 1.28; p < 0.05; Table
2). Older ager, lower income, and presence of visible
dental biofilm influenced the prevalence of the loss
of four or more teeth (Table 2).

Figure 1 - Histogram of missing teeth in workers, São Paulo, SP, Brazil, 2009.
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Figure 2 - Distribution of missing teeth by maxillary and
mandibular elements, São Paulo, SP, Brazil, 2009.

Discussion
In this study, 76.9% of examined workers aged
20–64 years had lost one or more teeth. Older age
and the presence of dental biofilm were associated
with tooth loss in the two regression analyses. Risk
indicator assessment according to the number of
missing teeth has been poorly addressed in existing studies, and differences may exist. In this study,
the loss of four or more teeth was associated with
the socioeconomic factor. Reducing the number of
missing teeth among adults and elderly individuals
is a WHO global oral health goal for 2020,14 and
knowledge of the risk indicators is extremely important for the purpose of establishing oral health programs to prevent new tooth loss.
Previous national surveys have shown a large
increase in the number of missing teeth9,15 among
adolescents (aged 15–19 years), adults (aged 35–44
years),9,15,16 and elderly individuals (aged 65–74
years). Elderly individuals have further shown a high
prevalence of edentulism and high DMFT indices.15
The identification of risk indicators for tooth loss in

an extended age range is relevant to the development
of tooth loss prevention measures.
In the present study, the distribution of tooth loss
in Brazilian adults aged 35–44 years4 was asymmetric: those with the highest number of missing teeth
formed a small proportion of the population. This
distribution suggests that tooth loss has a polarizing
effect, as occurs with tooth decay in children.17
In agreement with the findings of Corraini et
al.,18 the most frequently extracted teeth in our
study sample were the permanent maxillary first
molars, likely because they are among the first permanent teeth to erupt and are thus more susceptible
to the development of caries, which has been identified as the main cause of tooth loss.18,19
This study was conducted in a homogeneous
group with respect to gender and socioeconomic
characteristics. Age and dental biofilm were related to tooth loss in the two analyses. Other studies
have also identified age as a risk factor for tooth
loss.4,5,18,20,21 The influence of age on tooth loss may
have a cohort effect, which is explained by differences in national health policies implemented in the
country’s history. In Brazil and worldwide, the practice of tooth extraction accompanied the increasing
incidence of caries in the 16th and 17th centuries.4,17
The Brazilian Federal Council of Odontology was
established in 1964 to oversee dental service in Brazil, which was still practiced by professionals who
were not qualified in dentistry22 and who routinely
performed extractions. Thus, adults aged 45–64
years at the time of the present study were born between 1945 and 1964, when public oral health policies were almost non-existent.
Adults aged 35–44 years were born in 1965–
1974, during which time the Brazilian National Institute of Medical Assistance and Welfare was created. The establishment of this institute reflects the
beginning of the state’s concern with health, but dental practice remained based on the model of restorative surgery.22 During the 1980s, around the time
that the youngest participants in the study group
(20–34 years) were born (1975–1989), fluoridation was implemented in Brazilian cities; thus, most
of these participants benefited from the presence of
fluoride in drinking water. In addition, the National
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Table 1 - Results of Poisson regression analysis for the loss of one or more teeth among workers in São Paulo, Brazil, 2009.
No tooth loss
n (%)

Tooth loss
n (%)

Crude
PR

95% CI

p

Adjusted
PR

95% CI

p

45–64

1 (2.0)

50 (98.0)

1.53

1.39–1.70

< 0.01

1.51*

1.35–1.68

< 0.01

Age (years)

35–45

1 (1.1)

93 (98.9)

1.55

1.41–1.71

< 0.01

1.49*

1.35–1.64

< 0.01

20–34

87 (36.1)

154 (63.9)

Household income
(Brazilian reais)

> 1000.00

12 (13.5)

77 (86.5)

1.05–1.33

< 0.01

–

< 1000.00

46 (26.7)

126 (73.3)

Education
(years)

Occupation

Marital status

Time since last visit
to dentist (years)

1

1

1.18
1

<8

4 (5.5)

69 (94.5)

1.37

1.10–1.70

< 0.01

–

9–11

73 (26.6)

201 (73.4)

1.06

0.85–1.32

0.61

–

> 11

12 (30.8)

27 (69.2)

1

Unskilled

18 (14.8)

104 (85.2)

1.21

1.05–1.39

< 0.01

–

Intermediate

38 (25.0)

114 (75.0)

1.06

0.91–1.24

0.42

–

Skilled

33 (29.5)

79 (70.5)

1.05–1.30

< 0.01

–

1

With partner

30 (16.9)

148 (83.1)

1.17

Without partner

59 (28.6)

147 (71.4)

1

≥3

24 (28.9)

59 (71.1)

0.88

0.76–1.03

0.12

0.79*

0.68–0.91

< 0.01

1–2

21 (21.4)

77 (78.6)

0.98

0.86–1.10

0.72

0.96

0.85–1.08

0.48

1.01–1.27

0.03

0.90–1.13

< 0.01

0.98–1.23

0.09

1.01–1.23

0.04

<1

38 (19.6)

156 (80.4)

Self-perceived
health

Not good

14 (15.6)

76 (84.4)

Good

70 (25.4)

206 (74.6)

1

Self-perceived
oral health

Not good

36 (17.2)

173 (82.8)

1.17

Good

46 (29.7)

109 (70.3)

1

Yes

21 (15.2)

117 (84.8)

1.16

Dental biofilm
CAL ≥ 4 mm
Caries

1

1

1.13

1.10
1

No

67 (27.5)

177 (72.5)

1

Yes

27 (15.1)

152 (84.9)

1.21

No

62 (30)

145 (70)

1

Yes

38 (19.7)

155 (80.3)

1.09

No

51 (26.4)

142 (73.6)

1

1.53–1.30

< 0.01

1.11*

1.10–1.35

0.01

–

0.98–1.22

0.12

–

1

–

Note: CAL, clinical attachment loss; PR, prevalence ratio; CI, confidence interval. *p < 0.05 in Poisson regression model.

Health Service was consolidated in 198817,22 and oral
health was recognized as an integral part of general
health to which everyone had the right.22 These historical developments may explain the higher number
of missing teeth observed in our oldest participants.
Many studies have associated tooth loss with
age, but few have examined its association with the
presence of dental biofilm. Hamashi et al. 23 found
more tooth loss in subjects who brushed their teeth
less frequently. Dental biofilm is directly related to
the development of caries and periodontal disease,
which are the factors most frequently responsible
for tooth loss.19
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In our analyses, socioeconomic factors showed
an association only with the loss of four or more
teeth. As in this study, other studies have also observed an association between lower income and
tooth loss.4,5,20 The main reason for participant’s
choice of tooth extraction rather than treatment
seemed to be financial. 23 The reasons for tooth loss
are complex, involving not only physiological causes
and socioeconomic associations, but also other factors such as personal attitudes and beliefs. 23
One limitation of this study is the use of a convenience sample of workers from a single company.
However, few studies have examined the oral health
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Table 2 - Results of Poisson regression analysis for the loss of 4 or more teeth among workers in São Paulo, Brazil, 2009.
0–3 teeth lost
n (%)

≥ 4 teeth lost
n (%)

Crude
PR

95% CI

p

Adjusted
PR

95% CI

p

45–64

7 (13.7)

44 (86.3)

3.35

2.64–4.27

< 0.01

3.64*

2.64–5.01

< 0.01

Age (years)

35–45

14 (14.9)

80 (85.1)

3.31

2.63–4.17

< 0.01

3.63*

2.71–4.86

< 0.01

20–34

179 (74.3)

62 (25.7)

1

Household income
(Brazilian reais)

> 1000.00

102 (62.2)

65 (37.8)

1.58

1.22–2.04

< 0.01

1.07–1.70

0.01

< 1000.00

36 (40.4)

53 (59.6)

1

<8

16 (21.9)

57 (78.1)

2.54

1.53–4.13

< 0.01

–

Education (years)

9–11

157 (53.7)

117 (42.7)

1.39

0.85–2.27

0.19

–

> 11

27 (69.2)

12 (30.8)

1.07–1.70

0.01

0.66–1.07

0.17

0.95–1.50

0.12

Occupation

Marital status

Time since last visit
to dentist (years)

Reason for visit
to dentist

Unskilled

51 (41.8)

71 (58.2)

1.59

1.19–2.12

< 0.01

–

78 (51.3)

74 (48.7)

1.33

0.99–1.78

0.06

–

Skilled

71 (63.4)

41 (36.6)

1
1.23–1.88

< 0.01

–

With partner

73 (41.0)

Without a partner

126 (61.2)

105 (59)
80 (38.8)

1.52
1

≥3

37 (44.6)

46 (55.4)

0.86

0.67–1.09

0.21

–

1–2

51 (52.0)

47 (48.0)

0.87

0.65–1.15

0.32

–

<1

102 (52.6)

92 (47.4)

1

Other

43 (55.8)

34 (44.2)

0.92

0.69–1.22

0.56

–

0.91–1.44

0.25

–

1.10–1.70

< 0.01

–

1.10–1.73

< 0.01

–

1.01–1.61

0.04

–

1.15–1.72

< 0.01

1.35*

1.19–1.81

< 0.01

0.84*

43 (44.8)

53 (55.2)

1.14

105 (51.7)

98 (48.3)

1

Self-perceived
health

Not good

36 (40.0)

54 (60.0)

1.37

Good

155 (52.2)

121 (43.8)

1

Self-perceived
oral health

Not good

96 (45.9)

113 (54.1)

1.37

Good

94 (60.6)

61 (39.4)

1
1.28

CAL ≥ 4 mm
Bleeding

1

Intermediate

Pain

Dental biofilm

1.35*

1

Routine check-up

Smoking

1

Yes

29 (41.4)

41 (58.6)

No

171 (54.1)

145 (45.9)

Yes

57 (41.3)

81 (58.7)

1
1.40

No

142 (58.2)

102 (41.8)

1

Yes

75 (41.9)

104 (58.1)

1.48

No

125 (60.4)

82 (39.6)

Yes

164 (53.9)

140 (46.1)

No

36 (46.9)

46 (56.1)

1

1
0.82
1

1
0.65–1.03

0.08

1.19*
1

Note: CAL, clinical attachment loss; PR, prevalence ratio; CI, confidence interval. *p < 0.05 in Poisson regression model.

of workers because of the difficulty of conducting
research within companies, which may yield data
that differ from those of studies using household
samples. The cross-sectional design of the study prevented us from drawing causal inferences in relation
to tooth loss. Despite these limitations, this original
study of workers with a wide age range features a
study sample that requires investigation. Thus, fur-

ther studies of tooth loss in working adults should
be conducted.
Because the cumulative effects of tooth loss can
be observed in adults and elderly individuals, health
promotion programs for young adults should be
implemented to prevent further tooth loss and promote healthy aging. The identification of factors
associated with tooth loss is necessary to guide the
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development of strategies that provide access to curative treatment and improve the prevention of oral
diseases.

factors. These risk indicators should be considered
when planning oral health programs for adults.

Conclusions
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This study of adult workers found that older age
and the presence of dental biofilm were risk indicators for tooth loss, independently of socioeconomic
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