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Abstract: This study analyzed the association between sedentary
behavior (SB), unhealthy food consumption, and dental caries amongst
12-year-old schoolchildren. An epidemiological survey was carried
out in the five largest cities (> 80,000 inhabitants) of the State of
Mato Grosso do Sul, Brazil. Data were collected on decayed, missing
and filled teeth index (DMFT), sociodemographic characteristics,
SB, unhealthy food consumption, and water fluoridation status.
The analysis was based on the theoretical framework established
by J Sisson. Structural equation models were performed to test the
association of dental caries experience with sociodemographic,
contextual, and behavioral factors. The mean DMFT index in the five
cities was 1.02 (95%CI: 0.39–1.66). Higher sedentary behavior (more than
2 hours/day) [standardized coefficient (SC) = 0.21 95%CI: 0.07–0.39]
and higher unhealthy food consumption (more than 4 times/week)
[SC = 0.23 (0.10–0.45)] were associated with higher DMFT index than
their counterparts. Also, cities with fluoridated water were associated
with lower DMFT index [SC = -0.85 (-1.20–-0.50)]. Families who had a
per capita income above the poverty line had a direct association with
unhealthy food consumption [SC = -0.24 (-0.38–-0.11)]. Unhealthy food
consumption mediated the association of sedentary behavior on DMFT
index [SC=0.07 (0.02–0.13)]. Sensitivity analysis confirmed the findings.
Sedentary behavior mediated by unhealthy food consumption had a
significant association with dental caries experience. Public policies
must address transdisciplinary actions to reduce sedentary behavior
and unhealthy food consumption and promote water fluoridation.
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The widespread use of social media and the internet brought
benefits such as greater access to information, especially among
children and adolescents. However, it can also be detrimental to health,
especially among the new generations that are growing with the various
technologies that are rapidly advancing.1,2 Sedentary behavior (SB)
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was conceptualized as any activity with an energy
cost equal to or less than 1.5 metabolic equivalents
(METs), 3,4 usually performed with the person in a
reclined or seated position.
Childhood and adolescence are particularly
relevant times for the study of sedentary behavior
because it is a critical period in which behavioral
changes are concentrated.5 There is evidence that
sedentary behavior has a direct impact on health
outcomes such as obesity, metabolic syndrome,
cardiovascular diseases,1 and in the practice of
physical activity. 6 The American Academy of
Pediatrics defines a cutoff point for sedentary
behavior as ≥ 2 hs/day of television (TV) watching.7
One study evaluated sedentary behavior measured
by TV time (≥ 2 hs/day) with dental caries in Chinese
adolescents, finding positive associations even
after adjusting for demographic and behavioral
factors.8 Recent systematic reviews have found an
association of TV/screen time with unhealthy food
consumption (high-sugar foods) in children9. Another
review has found that having a TV on at mealtimes
increased consumption of high-fat-high-sugar foods
and sugar-sweetened beverages10 and reduced
consumption of fruit and vegetables, which could lead
to higher prevalence of dental caries and increased
DMFT (decayed, missing and filled teeth index)
values. In Brazil, the mean score of DMFT index in
12 year-old children has reduced from 2.8 in 2003 to
2.1 in 2010. However, these improvements have
benefited more the groups with higher socioeconomic
status.11,12 Most of the improvements have been
attributed to better living conditions and stronger
oral health policies, improving water fluoridation
and fluorides in toothpaste.13
Sedentary behavior is a latent variable that cannot
be measured but can be the result of the interaction of
several observable variables like time spent watching
TV, playing games, sitting, and on the internet. Models
with complex interactions like food consumption
and SB differ from traditional regression models that
allow us to study only one outcome. Also, they are
useful for studying direct and indirect mechanisms
between observable (unhealthy food consumption)
and latent variables, which may contribute to better
define complex interactions in public health. Structural
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equation models (SEM) are the models used to measure
these interactions. Unhealthy food consumption,
dental caries experience, and sedentary behavior may
have complex interactions in public health.
The objective of the present study was to verify
the associations between sedentary behavior,
unhealthy food consumption, and dental caries among
schoolchildren participating in a population-based
study conducted in Mato Grosso do Sul, Brazil. The
hypothesis tested was that there is an association
between sedentary behavior, via unhealthy food
consumption, and impact on dental caries represented
by DMFT index, using the Sisson theoretical
framework14 to conduct the analyses.

Methodology
This study was a population-based epidemiological
survey representing the five largest cities (over than
80,000 inhabitants) in the State of Mato Grosso do Sul,
Brazil, as follows: Campo Grande, Corumbá, Dourados,
Ponta Porã, and Três Lagoas. In 2018, Campo Grande,
the state capital, had 860,000 inhabitants, Dourados
had 220,925 inhabitants and is the second largest
city, Corumbá had 119,465, Três Lagoas, 119,464,
and Ponta Porã, 92,526 inhabitants, and together
have more than half of 2.748.023 inhabitants of the
79 cities in the State15. These five cities are the most
representative of the four territorial macro-regions in
the State (Dourados and Ponta porã are in the same
macro-region) and are the most affluent areas. The
sampling plan was prepared by a conglomerate in
two stages of probabilities proportional to size (PPS).
The five cities were the Primary Sampling Units (PSU)
and the public municipal elementary schools were
the Secondary Sampling Units (SSU). Our prominent
national epidemiological survey (SBBrasil 2010) had
selected 32 SSU per city, and we followed those
guidelines16. Therefore, we considered interviewing
and collecting data from 32 schools in the two major
cities (which have more than 32 schools), and if the
number of schools was lower than 32, we considered
interviewing all schools in the city. In 2018, the total
number of public elementary schools in Campo
Grande was 86, in Dourados, 45, in Corumbá, 26, in
Três Lagoas,17, and in Ponta Porã, 8.
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School selection
A random drawing of 32 schools in Campo Grande
and Dourados was done. All schools of Corumbá
(n = 26), Três Lagoas (n = 17), and Ponta Porã (n = 8)
were previously selected, totalizing 115 schools that
composed the survey.

Students’ selection
The students were selected by drawing through a
coordination list from the director/manager board in
the age group of interest (12 year-olds). Ten students
were selected if there was only one classroom in the
school, and if there was more than one classroom, the
equal proportionality per classroom was respected.

The intra- and inter-examiner reliability test showed
a Kappa coefficient of 0.73.

Data collection
Data were collected through questionnaires.
The sociodemographic questionnaires were sent by
the principal to parents/guardians. After that, the
adolescent returned the questionnaire to the principal,
who communicated the dentist team responsible for
data collection. Thus, the epidemiological examination
was carried out at the school. The students answered
questionnaires on food consumption, sedentary
behavior, and oral hygiene before the clinical exam.

Theoretical framework model
Sample size
A formula17 was used to calculate the sample size
for dental caries, which considers the values of the
mean and standard deviation of the DMFT index
in Central-west region of Brazil, according to the
SBBrasil 2010.16
Formula 1 - Calculation of the sample
(Z x S )
x Deff )
(
(X x ε)
n=
2

2

2

(1 - NRR)
where n = final sample size; Z = significance level
of 1.96, which corresponds to a 95% confidence, i.e.
α = 0.05; S2 = variance of the sample mean, i.e., the
square of the standard deviation of the variable (1.81);
X = mean DMFT in Central-West region, according
to SBBrasil 2010 (mean=2.63); ε = acceptable error
margin or tolerated error (ε=0.10) ; deff = “design
effect” (deff = 2.0); NRR = non-response rate (30%
estimated denials to participate).
The calculated sample size was 520 schoolchildren,
including denials (30%). Considering the 115 eligible
schools, we had around five students per school. After
accounting for 35% of school denials due to school
principals unwilling to participate, seven students
per school were estimated, which we opted to round
up to 10 students per school.

The theoretical model of Sisson14, developed
to explain social inequalities in oral health, was
adopted. We used variables that provided material
explanation and linked to the individual’s position
in the social structure, measured by the parent’s
education equalized by per capita income. Variable
reflecting health-damaging choices, such as inadequate
tooth brushing, sedentary behavior, and unhealthy
food consumption, measured the cultural/behavioral
explanations. These are modifiable factors and can
be affected by socioeconomic status (SES). Access
to public supply of fluoridated water measured the
contextual perspective of the Sisson’s model.

Main outcome
The outcome variable was the DMFT index, as
recommended by the World Health Organization18. The
index measures the caries experience of 12 year-old
children. In the survey, caries was considered a
groove, fissure or smooth surface of a tooth that
presented an evident cavity or softened tissue at the
base of the enamel, or discoloration of the enamel, or
a temporary restoration (except glass ionomer). The
CPI probe was used to confirm visual evidence of
caries on the occlusal, buccal, and lingual surfaces.

Oral health teams’ calibration

Sedentary behavior measure
(main exposure)

Five dental teams in each city, composed by a
dentist and an annotator, received explanations with
32 hours of practical training, based on consensus.

The instrument to measure sedentary behavior7
was translated from the instrument drafted by
Rey-Lopez et al.19 and used to measure the outcome
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in the HELENA study. The questionnaire measures
total SB based on weekdays and weekends in four
main domains (TV, internet, video games, and sitting
activities). Each response option has seven categories:
0 minutes; less than 30 minutes; 30 minutes to 1 hour;
more than 1 hour to 2 hours; more than 2 hours to
3 hours; more than 3 hours to 4 hours; and more than
4 hours per day. In order to achieve the total daily
hours spent on such activities, we considered the
mean point in each category. The American Academy
of Pediatrics defines a cutoff point of ≥ 2 hs/day for
sedentary behavior watching TV. As we have four
main domains (TV, games, internet, and sitting), we
considered the sum of all domains being ≥ 2 hs/day
to classify the schoolchildren as having sedentary
behavior. We used the adapted formula7 to calculate
the total SB.
(weekdays x 5)+(weekends x 2)
Total SB =
7
In our structural equation model, SB was
represented by a latent variable. Each domain
represents a continuous measure depending on
the number of hours of self-reported SB from 0 (no
sedentary behavior) to 7 (four or more hours per day)
in each domain. We use Cronbach’s alpha to measure
the instrument reliability20, considering the total SB
of the instrument (four main domains).

we considered the sum of all unhealthy food items
to classify the participant according to the three
categories, using the adapted formula:
Unhealthy food Sum of the frequency of 5 food items
=
5
consumption

Covariates
Sex was dichotomized into male (0) and female (1).
Equalized per capita income was dichotomized into
up to poverty level (0) and above the poverty level (1)
in Brazilian context (R$ 466/month in 2018 / US$ 120.4)
based in the mid-point of open-ended income.22 The
self-reported ethnic group was stratified into 0 (white)
and 1 (black, brown, yellow, indigenous)15. The parent’s
educational level was stratified into primary school
grades 1–4 (0) and above grade 4 (1). Brushing teeth
was stratified into up to 1 time per day (0) and two
or more times per day (1).
The fluoridation variable was extracted from the
measurements made in the Vigiflúor survey of 2017,
which offers the most current data on fluoridation of
the public water supply in the State of Mato Grosso do
Sul.23 Campo-Grande, Dourados, and Corumbá were
classified as fluoridated cities (1) and Três Lagoas and
Ponta Porã as non-fluoridated (0). The mean fluoride
concentration in Campo Grande was 0.6 mg/L, in
Dourados was 0.45 mg/L, in Corumbá was 0.5 mg/L,
in Três Lagoas was 0 and Ponta Porã was 0.1 mg/L.23

Unhealthy food consumption
The weekly frequency of un healthy food
consumption was investigated using an instrument
recommended by the Brazilian Ministry of Health15,
containing five food-items, answered by the adolescent.
The instrument was used to evaluate the number
of times/week each unhealthy food was consumed
on a continuous scale from 0 to seven times/week.
The unhealthy foods investigated were: a) French
fries, potatoes chips, and fried snacks; b) hamburger
and sausages (sausage, salami, sausage ham, etc.);
c) salty crackers; d) sweet or sandwich cookies
with filling / cookies, candies, and chocolates (in
bars or candy); e) regular soft drinks consumption.
Afterwards, we stratified the weekly consumption of
unhealthy foods into: low = up to 2 times a week (0),
moderate = 2 to 4 times / week (1), and high = more
than 4 times a week (2).21 As we had five food items,
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Statistical analysis
We performed a descriptive analysis, considering
95% confidence intervals. The structural equation
models were used to analyze the data and consisted
of two sub-models: the measurement model, which
establishes how the latent constructs are measured, and
the structural model, which analyzes the structural
relationship of, and the associations between the
variables.2. In the present study, the latent variable (SB)
was extracted from the HELENA questionnaire.7 All
the other independent variables were included. SEM
was used to estimate the direction of the association
between the variables and dental caries (sum of
decayed, filled and missing teeth). Standardized
coefficients (SCs) were interpreted as SC < 0.10 being
a small association, SCs from 0.30 to 0.50, a medium
association, and a SCs >0.50, a strong association.24
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The goodness of fit of the model was evaluated
by ordinary comparison, and complemented by
applying the mean square error of approximation
(RMSEA), where values l ess than or equal to
0.08 are considered adequate. The Comparative
Fit Index (CFI) and the Tucker-Lewis Index (TLI)
provided additional reliability, and values above
0.80 were considered adequate25. All analyses were
performed using STATA v.14 software (College
Station,, USA).
SEM analysis included only those associations
previously reported in the literature, or plausible
associations when no previous studies were found.
Based on recent systematic reviews on sedentary
behavior and unhealthy food consumption,9,10 we
considered that excessive screen time (TV, for example)
could lead to unhealthy food consumption (sugarsweetened beverages, high-fat high-sugar foods,
ultra-processed foods), and not the contrary. Figure
shows our SEM model.

Sensitivity analysis
A sensitivity analysis was performed comparing
the model with DMFT = 0 and DMFT ≥ 1, not as a
continuous scale.

Ethical aspects
The research was approved based on the ethical
guidelines provided in CNS resolution 466/12,
CAAE 85647518.4.0000.0021. All participants and
their parents/guardians provided their written
informed consent.

Results
A total of 615 children agreed to participate in the
study. From the 115 eligible public schools, 69 agreed
to participate in the study. Internal reliability of the
sedentary behavior instrument was acceptable with
Cronbach’s alpha of 0.82.
The mean DMFT index in the State was 1.02. The
caries experience of the study population (DMFT ≥ 1)
was 39.1%. Of students living in fluoridated areas,
62.7% were caries-free with lower mean of caries
experience (DMFT = 0.92) than non-fluoridated areas,
of which 47.4% were caries-free with DMFT = 1.79. Table
1 shows the percentage of caries-free and the mean
number of DMFT index according to all variables.
Adolescents who had 2 hours or less of sedentary
behavior had a lower mean value of DMFT than
their counterparts. The same pattern was observed
comparing those with SB and caries-free. Concerning
unhealthy food consumption, 73.1% of adolescents
who had fewer unhealthy choices (up to 2 times/week)
were caries-free, and had a lower mean DMFT than
those with more unhealthy choices. Fifty-six percent
of adolescents with moderate unhealthy choices
(2 to 4 times/week) were caries-free and had a mean
value of DMFT=1.29. Fewer (52.1%) adolescents with
a high frequency of unhealthy choices (more than
4 times/week) were caries-free and they had a higher
mean DMFT= 1.33 than their counterparts.
Table 2 shows the SEM analysis. Higher sedentary
behavior (more than 2 hours/day) [SC = 0.21 95%CI:
0.07–0.39)] and higher unhealthy food consumption

Brushing teeth

Fluoridation

DMFT

Contextual
factor

Unhealthy foods
Ethnic

Cultural/Behavioural
factors

Sedentary
behavioral

TV

Sitting

Games

Schooling

Internet

Gender

Income

Socio-demographic

Figure. Theoretical framework according to Sisson’s model of oral health inequalities.
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Table 1. Descriptive characteristics and proportions of the Mato Grosso do Sul - Oral Health Survey (SBMS study 2018-19), for
12 year-old (n = 615).
Individual variables

n = 615

% (95%CI)

Caries free (DMFT=0)

DMFT

% (95%CI)

mean (95%CI)

Ethnic group
Whites

270

43.9(40.0–47.9)

66.0 (46.5–81.3)

0.85 (0.43–1.25)

Brown

266

43.3(39.4–47.2)

55.6 (40.9–69.4)

1.29 (0.39–2.20)

Asian

24

3.9 (2.6–5.8)

92.3 (22.9–99.7)

0.50 (0.43–1.01)

Blacks

32

5.3 (3.7–7.3)

37.3 (25.7–50.7)

1.81 (1.54–2.10)

Indigenous

6

0.9 (0.4–2.1)

50.0 (35.7– 78.4)

0.76 (0.69–0.84)

Missing

17

2.8(1.7–4.4)

52.9 (40.3–65.4)

1.59 (1.34–1.87)

Female

315

51.2 (47.3–55.2)

63.0 (49.5–74.8)

0.96 (0.27–1.65)

Male

300

48.8(44.8–52.7)

60.1 (36.8–79.5)

1.10 (0.52–1.67)

Under poverty level (US$ 120.4/month)

216

35.1 (31.4–39.0)

56.3 (24.1–83.9)

1.18 (0.20–2.16)

Above poverty level

376

61.1 (57.2–64.9)

64.0 (50.7–75.5)

0.97 (0.45–1.50)

Missing

23

3.7 (2.5–5.3)

60.9 (50.8–71.3)

0.86 (0.73–0.98)

1 to 4 years

381

62.0 (58.0–65.7)

58.8 (38.2–76.6)

1.05 (0.50–1.60)

above 4 years

234

38.0 (34.3–42.0)

70.4 (34.5–91.4)

0.96 (0.40–1.57)

Yes

411

66.8 (63.0–70.4)

62.7 (53.4–71.2)

0.92 (0.62–1.23)

No

204

33.2 (29.6–37.0)

47.4 (40.3–54.6)

1.79 (1.35–2.25)

Low (up to 2 times/week)

168

27.3(23.9–31.0)

73.1(66.9–78.5)

0.59 (0.31–0.87)

Moderate (2-4 times/week)

197

32.0(28.5–35.8)

56.0(47.1–64.4)

1.29 (0.82–1.75)

High (more than 4 times/week)

217

35.3(31.6–39.2)

52.1(35.1–68.6)

1.33(0.61–2.05)

Missing

33

5.4(3.8–7.5)

14.3 (6.5–45.5)

2.56 (1.16–5.14)

No

338

55.0 (50.9–58.9)

71.9(54.0–84.7)

0.77 (0.45–1.46)

Yes (sum of all domains ≥2 hours day)

251

40.8 (35.9–46.5)

47.5(36.3–58.9)

1.42 (1.06–1.77)

Not reported

26

4.2 (2.9–6.1)

45.5(40.7–50.3)

1.03 (0.87–1.88)

Twice or more per day

318

52.7 (47.7–55.6)

73.6 (40.5–90.1)

0.76 (0.24–1.60)

Once per day or none

234

38.1 (34.3–42.0)

53.1 (46.2–59.8)

1.40 (1.02–1.77)

Missing

63

10.2 (8.0–12.9)

55.0 (40.2–68.3)

1.45 (1.23–1.55)

Campo Grande

204

33.2 (29.6–37.0)

68.6 (60.2–75.4)

0.79 (0.38–1.19)

Dourados

76

12.4 (10.0–15.2)

48.7 (41.6–56.4)

1.16 (0.70–1.61)

Corumbá

131

21.3 (18.2–24.7)

32.1 (28.4–37.1)

1.80 (1.58–2.03)

Sex

Per capita Income (equalized)

Parents’ schooling

Contextual
Fluoridation status

Unhealthy foods comsumption

Sedentary behavior (≥2hs per day)

Brushing

Cities

Ponta-Porã

68

11.1 (8.8–13.8)

48.5 (40.9–55.7)

1.62 (0.95–2.29)

Três Lagoas

136

22.0 (19.0–25.6)

47.1 (41.5–53.6)

1.85 (1.31–2.39)

(more than 4 times/week) [SC = 0.23 (0.10–0.45)]
were associated with higher DMFT index than their
counterparts. Moreover, higher parent’s education, i.e.,
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more than four years of study, were associated with
lower DMFT index [SC= -0.59 (-0.93–-0.25)]. In addition,
cities with fluoridated water were associated with
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foods [(SC = -0.24 (-0.38–-0.11)], i.e., the higher the
income, the fewer the unhealthy choices. Unhealthy
food consumption mediated the effect of sedentary
behavior on DMFT index [SC = 0.07 (0.02–0.13)].
Sensitivity analysis confirmed these findings.

lower DMFT index [SC = -0.85 (-1.20–-0.50)]. Higher
consumption of unhealthy foods had a direct association
with fewer tooth brushing times [SC = -0.17 (-0.22–-0.12)],
and families who had a per capita income above the
poverty line had lower consumption of unhealthy

Table 2. Structural equation models for sedentary behavioral, unhealthy food comsumption, and oral health, SBMS 18 (n = 615).
Direct effects

DMFT

DMFT*

SC

95%CI

p-value

SC

95%CI

p-value

SB → DMFT

0.21

(0.07–0.39)

0.023

0.08

(0.03–0.12)

0.001

Unhealthy food → DMFT

0.23

(0.10–0.45)

0.04

0.08

(0.03–0.14)

0.002

SB→ Unhealthy food

0.24

(0.16–0.32)

< 0.001

0.24

(0.16–0.32)

< 0.001

Brushing→ DMFT

–0.40

(-0.72–-0.09)

0.012

–0.12

(-0.20–-0.03)

0.004

Unhealthy food → brushing

–0.17

(-0.22–-0.12)

< 0.001

–0.17

(-0.21–-0.11)

< 0.001

–0.07

(-0.36–0.21)

0.62

–0.02

(-0.09–0.05)

0.54

Parents’ Schooling → DMFT

–0.59

(-0.93–-0.25)

< 0.001

–0.19

(-0.28–-0.11)

< 0.001

Income → DMFT

–0.07

(-0.39–0.23)

0.64

–0.02

(-0.10–0.06)

0.63

Behavioral

Socio-demografic
Sex → DMFT

Ethnic → DMFT

0.13

(-0.19–0.47)

0.42

0.04

(-0.04–0.12)

0.32

Income → Unhealthy food

–0.24

(-0.38–-0.11)

0.001

–0.24

(-0.38–-0.11)

0.001

–0.85

(-1.20–-0.50)

< 0.001

–0.20

(-0.29–-0.11)

< 0.001

Contextual
Fluoridation → DMFT
Indirect effects
Via unhealthy food
SB→ DMFT

0.07

(0.02–0.13)

0.01

0.02

(0.01–0.03

0.01

SB→ Brushing

–0.04

(-0.05–-0.02)

< 0.001

–0.04

(-0.05–-0.02)

< 0.001

Income→ DMFT

–0.08

(-0.14–-0.01)

0.03

–0.03

(-0.04–-0.01)

0.01

0.07

(0.01–0.12)

0.01

0.02

(0.01–0.03)

0.01

SB → DMFT

0.29

(0.10–0.46)

0.002

0.10

(0.05–0.14)

< 0.001

Unhealthy food → DMFT

0.30

(0.09-0.52)

0.006

0.10

(0.05–0.16)

< 0.001

−0.04

(-0.05–-0.02)

0.001

−0.04

(-0.05–-0.02)

0.001

0.05

(0.02–0.10)

0.005

0.05

(0.02–0.10)

0.005

Via brushing
Unhealthy food → DMFT
Total effects
Behavioral

Covariances
Income ↔ Ethnic
Parents Schooling ↔ SB
Goodness of fit
AIC

19140

17442

BIC

19361

17663

0.06

0.06

RMSE
CLI

0.85

0.85

TLI

0.80

0.80

< 0.05

< 0.05

Chi2
*DMFT used in sensitivity analysis (DMFT = 0 and DMFT ≥ 1).
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Discussion
This study had two important findings. First, we
found an association between the total sedentary
behavior (on both weekdays and weekends) and
dental caries experience measured by DMFT index.
Second, we found that unhealthy food consumption
mediated the effect of sedentary behavior on dental
caries experience.
In a systematic review of the literature 26 the
authors found that sedentary behavior had harmful
effects on health outcomes. The review indicated
that public policies are needed, not only in the
school setting but especially in the post-school
period to reduce sedentary behavior among children
and adolescents. Our study found an association
of sedentary behavior of adolescents with caries
experience. Moreover, consumption of unhealthy
foods mediated the association between SB and
DMFT index. A study conducted in China in 20148
showed that approximately 50% of Chinese children
and adolescents had dental caries and that television
time was associated with a higher risk of caries. Our
study also showed this association and corroborated
these findings, but not only for television time. We
measured the other three dimensions of SB, including
games, internet, and sitting time, and adjusted our
models for sociodemographic characteristics and
fluoridation status,27,28,29 important predictors for
oral health.
Using the theoretical framework by Sisson,14 it was
possible to explain our findings through material
explanation, related to the SES. In Brazil, between
2003 and 2010, there were unequal improvements
in oral health in adolescents, especially related to
dental caries11. Differences in the SES may influence
access to food resources. SES is one of the main
determinants of health inequalities.14 We found an
inverse relationship between family income level
and unhealthy food consumption, i.e., the lower the
income, the higher the consumption of unhealthy
foods. Secondly, concerning cultural and behavioral
explanations, the growing increase in the use of social
media2 and easy access to electronic devices could
lead adolescents to stay connected and inattentive
with health care, which could decrease the frequency
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of tooth brushing (once per day or less). Sedentary
behavior via unhealthy food consumption mediated
the effect on tooth brushing, i.e., the higher the SB,
the lower the tooth brushing frequency.
Moreover, through systematic reviews of the
literature, sedentary behavior has been associated with
unhealthy diets, such as ingestion of fewer fruits and
vegetables and greater consumption of snacks and
sugary and fatty foods9,10. We also found an association
between higher consumption of unhealthy foods and
lower tooth brushing (once or less per day). Besides,
we found a direct association of SES with unhealthy
food choices, corroborating the Sisson’s model that
people from lower SES are more likely to engage in
behaviors that are bad for their health. Concerning
contextual factors, water fluoridation is, more than
a political issue, an ethical issue,14 and it should be
encouraged since only 19 of the 79 cities in Mato
Grosso do Sul have water fluoridation.30
Future research should be carried out in cohort
studies and life course perspective to verify whether
SB mediated by unhealthy food consumption could
affect the DMFT index. A systematic review and metaanalyses showed that interventions for sedentary
behavior could decrease the time of sedentary
lifestyle.31 These actions could benefit adolescents’
oral health, given the higher risk of new carious
lesions in those who already have caries.32
Because this was a cross-sectional study, some
limitations must be pointed out. It is not possible
to establish a causal relationship between the
associations found in this investigation. On the other
hand, because we used instruments validated in
Brazil and abroad, especially for the evaluation of
sedentary behavior, these associations may reflect
in public policies to reduce sedentary behavior.
Indeed, we only collected data from public schools,
which limits the study generalization for all 12-yearold adolescents. Concerning representativeness of
the study population, the five cities are the most
representative of the four territorial macro-regions
in the State and are the major affluent areas. Mato
Grosso do Sul is an important Brazilian state of
the Midwest region and responsible for a strong
agribusiness that supplies the other geographical
regions in the country. In Brazil, agribusiness
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accounts for approximately 25% of the GDP (Gross
Domestic Product). The study also evaluated four
dimensions of sedentary behavior and not only
TV/screen time as others studies 8 and used an
instrument validated among European adolescents,
the HELENA7 study, with good internal reliability.
To the best of the authors’ knowledge, this is the
first study to verify the association of sedentary
behavior on dental caries. Moreover, we used a
valid instrument, the SISVAN21 questionnaire,
developed by the Brazilian Ministry of Health to
access unhealthy food consumption.

Conclusion
Ssedentary behavior, mediated by unhealthy
food consumption, showed a significant association
with dental caries experience. Public policies must
address transdisciplinary actions to reduce sedentary

behavior and unhealthy food consumption and
promote water fluoridation. These actions can only
be possible through intersectoral collaboration and
partnership between the health sector and educational,
nutritional, and physical activity sectors.
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