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Abstracts

This study aimed to identify and assess the association between a high-sugar diet and the
prevalence of dental caries in young adults. In addition, these variables were prioritized based
on their relevance and dependence using the complementary methodologies MICMAC and
Regnier’s abacus. A literature review was conducted to identify the related variables. A group
of 10 dentistry and nutrition experts assesses the importance of these variables using a
structured questionnaire. As a result, both methodologies agreed on the importance of dental
hygiene and the frequency of sugar consumption in the prevalence of dental caries. Access to
dental health services was also identified as a significant factor. These findings are relevant
because they have implications for the formulation of public health policies and the design of
strategies that can reduce the impact of dental caries to improve the dental health of the
population.
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Introduction

Dental caries (DC) is a disease that impacts people of different ages and is one of the main causes
of tooth loss in young adults (Hagman et al., 2021). One of the main concerns in public health
(PH) is the high prevalence of DC in young adults, a group that is at an essential stage of their
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life where oral health can significantly influence their quality of life and productive capacity
(Nydell et al., 2022). The cause of DC involves a complex interaction between dietary, bacterial,
oral hygiene, and genetic factors (Mallya & Mallya, 2020). In particular, the consumption of
diets high in sugars has been consistently identified as a significant risk factor for the generation
of DC (Echeverria et al., 2022).

Numerous studies have documented the correlation between sugar consumption (SC) and the
incidence of DC. In the study carried out by Sheiham and James (2014), it is argued that SC is
the most important dietary factor in the cause of DC, suggesting that reducing SC can
significantly decrease the prevalence of this disease. Furthermore, recent research has shown that
frequent consumption of sugary snacks and drinks is particularly detrimental to dental health as
discussed in the studies developed by Tahmassebi & Banihani (2020) and Prada, et al. (2022).
The literature has also addressed the relevance of factors such as the frequency and type of SC,
as well as the interaction with other oral hygiene habits as in Pang, et al. (2022).

This study is necessary to provide a detailed understanding of how these factors interact and
contribute to DC because there is a need in the literature to consolidate and prioritize the most
influential variables that associate high-sugar diet (HSD) with the prevalence of DC. By using
qualitative and quantitative methods to assess these variables, this study seeks to fill the gaps in
existing research. By identifying and prioritizing these variables, it is easier to create more
effective strategies to reduce DC.

Therefore, the purpose of this study was to assess and prioritize the most influential variables
related to HSD and the prevalence of DC in young adults. Thus, a literature review (LR) was
carried out to identify the associated variables, and the Regnier’s abacus and MICMAC
(Multiplication Cross-Impact Matrix Applied to a Classification) methods were used to assess
and prioritize these variables (Arcade et al., 2014). The main hypothesis was that there is a
considerable relationship between HSD and the prevalence of DC in young adults, with the
assumption that the frequency and type of SC significantly influence. In addition, dental hygiene
habits and access to dental care were considered to act as confounding variables in this
relationship.

This study focused on young adults, defined as people between 18 and 35 years of age, using
scientific articles published between 2015 and 2023. The study assessed dietary variables as well
as socioeconomic, demographic, and oral hygiene factors. Regarding limitations, reliance on
existing literature may limit the identification of new variables. Likewise, subjectivity in expert
assessment may introduce bias, and findings may not be generalizable to all populations due to
contextual differences.

Methodology

This study was classified as descriptive and exploratory research with a qualitative approach.
Descriptive research is responsible for detailing and cataloging the characteristics of a specific
phenomenon (Siedlecki, 2020), in this case, the association between an HSD and the prevalence
of DC in young adults. It is exploratory due to the lack of detailed information on the complexity
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and variability of the factors that influence this association (Swedberg, 2020). The approach is
qualitative because it requires a deeper understanding of contextual and subjective factors that
cannot be quantified (Herrera, 2017).

No sample of individual participants was used. Therefore, a review of scientific articles
published between 2015 and 2023 in the Google Scholar and PubMed databases was carried out
to identify the associated variables. A panel of experts in dentistry and nutrition was formed to
assess the variables identified in the LR. Regnier's abacus and MICMAC techniques were
applied to classify and prioritize the variables (Arango & Cuevas, 2014). Reference management
software was used: Mendeley and EndNote.

For the application of the Regnier’s Abacus method, a questionnaire was designed for ten experts
in dentistry and nutrition. A predefined scale from 1 to 5 was used, where 1 is “unimportant” and
5 is “very important” for each criterion as shown in Table 1.

Table 1. Regnier's abacus Scale

Dark Green > Very important
Light Green 4 Important
Yellow 3 Neuter

White 0 No Response

Source: Authors

For the application of the MICMAC method, the matrix of direct influence was constructed by
consulting a panel of 10 experts. These experts assessed the degree of influence of each technique
on the others on a qualitative scale (0 = no influence, 1 = weak influence, 2 = moderate influence,
3 = strong influence). Then, with the MICMAC software, the degree of dependency and
influence of each variable was obtained, providing a view of how the variables could evolve and
how they would impact clinical practice.

On the other hand, the study was carried out based on the ethical principles of scientific research.
The data used in the LR were treated confidentially and the copyright of the reviewed studies
was respected. The experts participating in the assessment of variables signed an informed
consent. Regarding the methodological limitations of this study, there is a dependency on the
literature: the identification of variables depends on the quality and availability of existing
studies; the assessment of experts: the results may be subjected to the subjectivity and experience
of the experts; and finally, the generalization: the findings may not be applicable to all
populations due to variations in the contexts studied.

Results

Descriptive data collected from the LR include the following aspects: the average daily sugar
consumption reported in the reviewed studies ranges from 50 to 100 grams per day in young
adults. Patterns of high consumption of sugary drinks, sweets, and snacks were identified.
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Similarly, studies indicate that young adults consume sugary foods and drinks on average 3-5
times per day, and the prevalence of DC is reported at an average of 3-6 decayed teeth per
individual in most studies.

On the other hand, the results of studies carried out in different geographical and socioeconomic
contexts were compared and contrasted: it was observed that, in urban contexts, SC is
significantly higher, and the prevalence of DC is higher compared to rural areas. Young adults
from lower socioeconomic levels have a higher SC and lower access to dental care, resulting in
a higher prevalence of DC. Table 1 presents the variables identified in the LR.

Table 2. Identified variables related to an HSD and the prevalence of DC

# Code | Variable Description Studies
1 Vi Daily sugar | Grams of sugar consumed per day (Sheiham & James, 2015),
consumption (Bernabé et al., 2015)
2 V2 Frequency of SC Number of times per day/week (Moynihan & Kelly, 2015),
(Bernabé et al., 2015)
3 V3 Type of sugary food Specific types of food consumed (Bernabé et al., 2015)
4 V4 Number of decayed | Average number of decayed teeth per | (Sheiham & James, 2015), (Peres
teeth individual etal., 2016)
5 V5 Incidence of new | New caries developed during a specific | (Rosier et al., 2017), (Llena et al.,
caries period 2015)
6 V6 Severity of caries DMFT Index (Decayed, Missing, Filled | (Shah et al., 2021),
Teeth)
7 V7 Dental hygiene Frequency of brushing, use of dental floss | (Bernabé etal., 2015), (Northridge
(DF), mouthwash etal., 2020)
8 V8 Access to dental care Frequency of visits to dentist, treatments | (Blostein et al., 2020), (Peres et
received al., 2016)
9 V9 Socioeconomic factors | Education level, family income (Peres et al., 2016), (Schwendicke
etal., 2015)
10 | V10 | General health habits General diet, physical activity, tobacco and | (Bernabé et al., 2015), (Peres et
alcohol consumption al., 2016)
11 | vi1 Demographic factors Age, sex, geographic location (Blostein et al., 2020), (Peres et
al., 2016)

Source: Authors

Once the variables were identified in the literature, the Regnier’s abacus method was applied.
The 10 selected experts answered the questionnaire, allowing the identification of the variables
with the greatest importance and relevance in the association between HSD and the prevalence
of caries in young adults. Thus, Table 3 presents the results obtained in order of importance and
relevance according to the experts. This table shows a visual representation in the form of a
mosaic that offers a clear perspective of the qualitative information. This representation makes
it easy to visualize the position of each expert.
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Table 3. Expert responses presented in the form of a color table

08 How important do you consider the use of DF in the prevention of
DC?

09 How important do you consider the use of mouthwash in the
prevention of DC?

20 How important do you consider the availability and accessibility of
dental health services in the prevalence of DC?

10 How important do you consider the frequency of visits to the dentist
in the prevention and treatment of DC?

02 How important do you consider the frequency of consumption of
sugary foods and drinks (times per day/week) in the prevalence of CD?

18 How important do you consider the patient's sex in the prevalence of
DC?

11 How important do you consider the dental treatments received
(cleanings, fillings, etc.) in the prevalence of DC?

12 How important do you consider the patient's educational level in the
prevalence of DC?

13 How important do you consider the patient's family income level in
the prevalence of DC?

16 How important do you consider tobacco and alcohol consumption to
be in the prevalence of DC?

04 How important do you consider the number of decayed teeth as an
indicator of the prevalence of DC in young adults?

07 How important do you consider the frequency of tooth brushing in the
prevention of DC?

14 How important do you consider the overall quality of the patient's diet
(consumption of fruits, vegetables, processed foods) in the prevalence of
DC?

19 How important do you consider the patient's geographic location
(urban vs. rural context) in the prevalence of DC?

03 How important do you consider the specific type of sugary foods
consumed (sugary drinks, sweets, snacks) to be in the prevalence of DC?

05 How important do you consider the incidence of new caries (new
caries developed during a specific period) in the prevalence of DC?

06 How important do you consider the severity of caries (measured by
the DMFT index) in the prevalence of DC?

01 How important do you consider daily sugar consumption (grams per
day) in the prevalence of DC in young adults?

15 How important do you consider the patient's level of physical activity
in the prevalence of DC?

17 How important do you consider the age of the patient in the prevalence
of DC?

Source: Authors

As seen in the table above, according to the results of the implementation of Regnier's abacus,
the variables with the greatest association between a HSD and the prevalence of DC are Dental
hygiene, Access to dental care, Frequency of SC, General health habits, and Demographic
factors.

On the other hand, the results obtained with the application of the MICMAC method are shown.
Figure 1 shows the matrix of direct influence/dependency (MDID), where the columns and rows
represent the identified variables. The experts assessed the influence of each technique on the
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others using a qualitative scale (0 = no influence, 1 = weak influence, 2 = moderate influence, 3
=strong influence). This analysis allowed the variables to be classified into four categories: key,
determinant, autonomous, and results.

Figure 1. MDID
]nﬂljre:lce V1 V2 Vi V4 Vs VB VT WE Ve w10 Vi
V1 0 3 2 3 3 3 2 1 3 3 2
V2 3 0 2 2 3 3 2 1 1 3 2
Vi 3 3 0 2 2 2 1 3 3 2 0
V4 2 2 1 0 1 1 3 2 1 1 1
VE] 2 2 2 1 0 2 2 1 1 0 1
V'l 3 2 1 2 2 0 0 1 1 1 1
VT 2 2 1 3 2 2 0 3 2 1 1
va 1 3 1 1 2 3 3 0 2 2 3
va 2 3 i 1 1 2 2 2 0 1 2
V10 2 1 1 1 1 2 2 1 1 0 1
V11 0 0 0 1 1 1 1 1 1 2 0

Source: Authors

After completing the matrix, each variable has been categorized according to its level of
influence and dependency, being assigned to its respective factor quadrant: Keys (located in the
upper right quadrant), Determinants (in the upper left quadrant), Autonomous (in the lower left
quadrant) and Results (in the lower right quadrant).

The key variables quadrant contains those variables that have a high influence and high
dependency. The determinant variables, on the other hand, are characterized by their high
influence and low dependency on other variables. The autonomous variables quadrant contains
those that have little influence and low dependency. Finally, the result variables quadrant
contains those that, although they have a limited influence, are highly dependent on achieving
the final objectives of the assessed system. This categorization provides a detailed understanding
of how each variable contributes to the system and its level of relative importance in decision-
making.
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Figure 2. Plane of direct influence/dependency
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Table 4. Classification of variables by direct dependency influences

Variable Type Variable Code
Daily sugar consumption V1
Keys Frequency of SC V2
Dental hygiene V7
Type of sugary food V3
Determinats Access to dental care V8
Socioeconomic factors V9
Autonomous General hea_lth habits V10
Demographic factors V11
Number of decayed teeth V4
Results Incidence of new caries V5
Severity of caries V6

Source: Authors

As can be seen in the figure and the table above, the variables that were classified as key were
V1, V2, and V7. The daily sugar consumption in the studied system is a central variable that
directly affects the incidence of caries and can be influenced by socioeconomic factors and
general health habits. On the other hand, the frequency of SC, similar to daily SC, has a high
influence on the DC and can depend on several factors, such as health education and eating
habits. Regarding dental hygiene, this variable has a great influence on the incidence and severity
of caries and depends on factors such as access to dental care and general health habits.

As for the variables V3, V8, and V9 classified as determinants, the type of sugary food influences
the incidence and severity of caries but is less dependent on other variables within the system.
While socioeconomic factors significantly affect diet, access to dental care, and hygiene habits
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but their influence may be independent of other specific dental health variables. Access to dental
care, on the other hand, directly influences dental hygiene and caries treatment, although it may
be less dependent on individual factors such as SC.

On the other hand, variables V10 and V11 were classified as autonomous. Referring to the
demographic factors, these, although they can have some impact on the caries risk profile (such
as age and gender), tend to be less influential and less dependent compared to other variables.
While general health habits include behaviors such as exercise and diet in general, which can
have an indirect impact but are not as central as other more specific variables.

Finally, among the variables classified as results are: V4, V5, and V6. The number of decayed
teeth is a direct result of the influence of other variables such as SC and dental hygiene. The
Incidence of new caries depends strongly on factors such as daily sugar consumption, frequency
of consumption, and dental hygiene. While the severity of caries is also a result of the interaction
of multiple factors such as the type of sugary food and dental hygiene.

Discussions

In the assessment using the Regnier’s abacus method, the variables with the greatest association
between HSD and the prevalence of DC, according to the experts, were: Dental hygiene (V7),
Access to dental care (V8), Frequency of SC (V2), Use of DF (part of VV7), Use of mouthwash
(part of V7). These variables were considered the most important due to their high relevance
score given by the experts.

The MICMAC analysis classified the variables according to their dependency and influence,
highlighting the key variables as those with high influence and high dependency: Daily sugar
consumption (V1), Frequency of SC (V2), and Dental hygiene (V7). The determinant variables,
which have high influence, but low dependency, were: Type of sugary food (V3), Access to
dental care (V8), and Socioeconomic factors (V9).

Both methodologies identified Dental hygiene as a crucial variable. The use of DF and
mouthwash, which are components of Dental hygiene, were also given high importance in the
Regnier’s abacus. The variable Frequency of SC (V2) was highlighted in both methodologies,
which underlines its relevance in the relationship between HSD and DC. On the other hand,
although Daily sugar consumption (V1) was not identified as of maximum importance in the
Regnier’s abacus, the MICMAC analysis classified it as a key variable, indicating that it has a
high influence on the system.

Similarly, Access to dental care (V8) was highlighted in the Regnier’s abacus as highly important
and was classified as a determinant variable in the MICMAC analysis. This suggests that,
although it is not as dependent on other variables, its influence is significant. Type of sugary
food (V3) and Socioeconomic factors (V9), were recognized in the MICMAC analysis as
determinants but were not considered as important in the Regnier’s abacus. This could indicate
that their influence is more indirect or contextual.
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The results indicate that dental hygiene, specifically the use of DF and mouthwash, is perceived
as one of the most effective interventions to prevent DC in young adults as demonstrated by
Maupome, et al. (2015) and Kaur, et al. (2021). This reinforces the importance of consistent and
adequate oral hygiene practices. Furthermore, the frequency of visits to the dentist and access to
dental health services reflect the need for regular follow-up and treatment to maintain good oral
health as outlined by Brennan (2021). The lower importance attributed to variables such as
patient age and severity of caries may be due to the perception that these variables are more static
and less modifiable compared to dental hygiene habits and access to health services.

These findings are consistent with previous studies that have highlighted the importance of oral
hygiene and regular dental visits in preventing DC (Moynihan & Kelly, 2014; Bernabé et al.,
2016). The literature has also shown that Frequency of SC and Type of sugary food consumed
are significant factors in the etiology of DC, although in this study, their importance was
moderate (Moynihan & Kelly, 2014). This may reflect a growing understanding among experts
that while diet is crucial, oral hygiene habits and access to dental care can greatly mitigate the
negative effects of an HSD.

Theoretically, these results support oral health models that highlight the importance of oral
hygiene and access to dental health services as key factors in the prevention of DC as mentioned
by Vernazza et al. (2021). These findings suggest that interventions aimed at improving oral
hygiene and facilitating access to dental services could be effective in reducing the prevalence
of DC in young adults. PH policies should focus on promoting the regular use of DF and
mouthwash, as well as ensuring that all individuals have access to regular dental care.

Conclusions

The association between HSD and the prevalence of DC in young adults was assessed using the
Regnier's abacus and MICMAC techniques. Consequently, the results show the importance of
factors such as oral hygiene and access to dental services in preventing DC in young adults.
Likewise, the experts agreed that the use of DF, mouthwash, and frequent visits to the dentist are
fundamental factors in maintaining good dental health.

The evidence from this study is relevant because it has implications for clinical practice and PH
policies. The findings highlight the importance of promoting proper oral hygiene habits and
ensuring access to regular dental care, which is why these factors should be a priority in the fight
against DC in young adults. Understanding these factors contributes to the implementation of
strategies based on them, and they should also be effectively assessed to protect the oral health
of future generations.

This study has some limitations because the answers are based on the perception of experts,
which may introduce subjective bias. In this regard, future research should consider the
development of longitudinal studies that assess the effectiveness of specific interventions in oral
hygiene and access to dental services, which would facilitate the improvement of practices and
strategies for the prevention of DC. It would also be beneficial to further explore the interactions
between diet, oral hygiene, and other socioeconomic and demographic factor.
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