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Abstract: Eating patterns characterised by low intakes of processed carbohydrates and higher intakes
of fat- and Vitamin D-rich foods are associated with protection against dental caries. The aim of
this formative study was to evaluate the extent to which the knowledge of children and adults of
foods for oral health reflects dietary guideline advice, and the evidence base for foods associated with
increased and decreased caries burdens. Using a novel card-sorting task, the participants categorised
foods according to their knowledge of each food for oral health. There were no differences between
children and adults in the categorisation of fresh, minimally processed foods. Fish, chicken, and red
meat were categorised as healthy by significantly fewer children than adults. High-sugar foods were
correctly characterised as unhealthy by nearly all participants. More children categorised breakfast
cereals as healthy than adults. There were no statistically significant differences between children and
adults for the categorisation of brown or wholegrain breads categorised as healthy. The alignment
of the participants’ beliefs with dietary guideline recommendations suggests education through
health promotion initiatives is successful in achieving knowledge acquisition in children and adults.
However, recommendations to increase the intake of refined carbohydrates inadvertently advocate
foods associated with increased caries burdens.

Keywords: dental diseases; dental caries; oral health; oral nutrition; nutrition knowledge; eating
behaviour; processed foods; carbohydrates; health promotion; dietary guidelines; health education

1. Introduction

Dental caries, a preventable disease of dietary origin, is the most common chronic
childhood disease in New Zealand. There is increasing recognition of the effect of poor oral
health on general health. Dental caries has dietary risk factors in common with obesity, and
chronic disease for which hyperinsulinaemia and associated metabolic syndrome are impli-
cated [1–3], including Type 2 diabetes [4] and cardiovascular disease [5,6]. The endpoint of
oral disease is typically when people are likely to seek dental care, often with presentation
of a cavitated carious lesion causing pain, discomfort, and/or infection [7,8].

The common dietary risk factor for caries and other chronic diseases is the high
and frequent consumption of fermentable carbohydrates, particularly ultra-processed
foods which have high amounts of refined starches and free sugars and are associated
with eating patterns that exceed recommended sugar consumption levels of less than
10% of total energy intake [9–12]. Upon ingestion of these foods, endogenous bacteria
in the biofilms produce organic acids as a by-product of the metabolism of fermentable
carbohydrates [13–15]. These lactic, formic, and acetic acids cause local pH values in the
dental biofilm to fall below neutrality to critical values of 5.5 and below, which results
in the demineralisation of tooth tissues. Slow salivary clearance rates of high starch-
containing foods and a resultant increased retention time in the mouth of these foods
means the effects of other simultaneously present sugars may also be prolonged, where
starch consumption has a co-cariogenic effect with other sugars [16–18]. A recent systematic

Nutrients 2022, 14, 2984. https://doi.org/10.3390/nu14142984 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu14142984
https://doi.org/10.3390/nu14142984
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0003-4940-1537
https://orcid.org/0000-0001-6185-7663
https://doi.org/10.3390/nu14142984
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu14142984?type=check_update&version=2


Nutrients 2022, 14, 2984 2 of 12

review of prospective cohort studies found that between-meal consumption of processed
sugar- and starch-containing foods was consistently found to be associated with greater
caries experience [19].

Food intake can enhance enamel remineralisation when the diet contains sufficient
vitamin D, calcium, and phosphates [20–23]. A vitamin D-rich diet has long been associated
with reduced rates of dental caries [22,24–26]. The consumption of cheese is associated with
protection from caries [20,27] with proposed mechanisms of protection including increased
salivary flow and buffering, inhibition of plaque bacteria overgrowth, and through the
intake of calcium, inorganic phosphate and casein, which enhance remineralization [28]. In
addition, carious lesions may be arrested by remineralisation at initial pre-cavitation stages
by dietary intervention with Vitamin D-rich foods [24].

Nutrition education is one of several components of intervention strategies for health
improvement [29,30]. To develop educational interventions around dietary lifestyle change
to prevent caries in children and their families, it is imperative to understand the prior food
knowledge of children, and adults who would be involved in the design, implementation,
and uptake of such interventions.

Studies of oral health knowledge in children have evaluated beliefs regarding foods in
the context of oral health interventions occurring in school settings [31–34] and associations
between dental pain and intake of particular foods [35]. The study of oral health nutrition
knowledge in parents has typically evaluated the knowledge of parents and caregivers
in relation to the caries status of their children [36–38]. Inverse relationships between the
oral health knowledge of parents regarding oral hygiene practices and nutrition and the
presence of caries in children have been observed in these studies.

Oral health food knowledge has been studied in a range of health professionals [39–46].
The classification of foods as healthy or otherwise was in accordance with recommendations
and advice outlined in government-endorsed dietary guidelines for healthy eating of
the respective countries of study [42,47–51]. However, guidance provided in dietary
guidelines regarding food intake may also not reflect the evidence of the aetiological causes
of dental caries. In New Zealand, dietary advice for oral health reflects advice provided for
general health in dietary guidelines for a population free of any chronic condition, but the
recommendations provided in these guidelines contradict the evidence of dietary causes of
dental caries [52].

The aim of the study was to evaluate the extent to which the knowledge of children,
parents, and health professionals regarding foods for optimal oral health reflects advice
provided in dietary guidelines for healthy eating, and the evidence base regarding foods
for caries prevention. An additional objective was to assess any variation between these
disparate groups of participants in how they categorised foods as healthy or unhealthy for
oral health.

2. Materials and Methods
2.1. Recruitment

Principals of eight primary and intermediate schools in the Lake Taupō area in the
central North Island of New Zealand were approached to have their respective schools
involved as recruitment centres and study sites. Permission was granted from four schools
to participate in the study.

On receipt of principals’ consent, children aged 10–13 years and the parents/caregivers
of the children were recruited using a flyer distributed through the school’s usual com-
munication method. This age group of children was selected because it was estimated
they would have the cognitive skills necessary to complete the tasks, have been exposed to
health promotion messages as part of the school curriculum for a minimum of five years,
and would be likely to have more independence in choosing foods [53,54]. In addition,
younger children have been shown to judge foods as healthy based on personal prefer-
ence [55]. Children were eligible if they were between 10 and 13 years of age and were
literate. Parents, similarly, were eligible if one of their children between 10 and 13 years of
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age attended any of the study schools and were literate. All parents who responded to the
advertisement were screened for eligibility and provided written informed consent for their
child to participate in the card sorting exercises. Parents were also invited to participate
through the same methods as above and provided informed consent to participate in
the study. Eligible children completed assent forms for participation and data use in the
presence of a parent or a member of the teaching staff at the school. Health professionals in-
cluding doctors, nurses, and dental professionals were also invited to participate through a
general medicine practice, a dental clinic, and a community-based charitable trust. Budget,
time, and resource constraints precluded further recruitment from other clinics and health
service providers. All participants were reimbursed with a store voucher to the value of
NZD10 in appreciation of their time. Ethical approval for this study was granted by the
Auckland University of Technology Ethics Committee on 8 July 2018 (18/82).

2.2. Procedures

All participants completed a picture-card sorting exercise in which 24 food cards were
allocated to categories according to how they ranked each food based on their beliefs of
whether it is “good” or “bad” for oral health. This method was used to enable comparisons
to be made between children, parents, and health professionals. The foods chosen for
the cards were derived from the New Zealand National Children’s Nutrition Survey [56].
The pictures of foods were royalty-free, black-and-white sketches obtained from Google
Images as illustrated in Figure 1. The development of the card sorting tasks and the testing
of validity and reliability have previously been outlined [57].
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Figure 1. Picture cards of foods to be categorised by children, parents/caregivers, and health professionals.

Photographs were taken of each participant’s cards allocated to the categories of
“good” or bad” with their unique identifier number placed beside their cards; there was no
photography or recording of identifiable characteristics of any of the participants. The data
contained in the photographs were entered in a Microsoft Excel spreadsheet and stored on
a password-protected computer. The frequency with which each food was reported in the
categories pertaining to whether the food was “good” or bad” for oral health was tabulated.

2.3. Analyses

Demographic information regarding the age, gender, and ethnicity of all participants
was recorded. Parents and health professionals provided additional information on em-
ployment type and highest educational attainment.

The data from the picture card sorting exercise were analysed according to correctness
of foods for general health based on recommendations from the New Zealand Dietary
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Guidelines [58]. Foods classified as healthy according to these guidelines were fresh fruit,
green vegetables, root vegetables, cheese, milk, unsweetened yoghurt, nuts, chicken, fish,
red meat, white beans and chickpeas, rice, breakfast cereals, pasta, and brown or wholegrain
bread. Foods classified as unhealthy were dried fruit, fruit juice, bacon and salami, white
bread, fizzy drink, crisps and chips, sweets, and biscuits and cakes. Sugar-sweetened
beverages are colloquially referred to in New Zealand as “fizzy drink”, particularly by
children. This group of beverages does not include sparkling water or soda water.

Participants were awarded one point for each correct categorisation of a food, i.e.,
if they rated foods as either “healthy” or “unhealthy”. The maximum number of points
that could be attained was 24 points. Differences between how children, parents, and
health professionals rated the foods for oral health were assessed by calculating the mean
differences in proportions (PD) of participants who correctly rated the foods as “good” or
“bad” for oral health.

The proportions of correctly rated scores for each group were compared using the
analysis of mean differences in proportions (PD) in Microsoft Excel™ of correctly rated
foods between each group of participants.

3. Results

Informed consent was provided by parents and caregivers for 79 children aged be-
tween 10 and 13 years to participate in the study. The children also completed assent
forms. Nine adults and twelve health professionals also provided informed consent for
study participation. The reasons given by other schools for non-participation were staffing
issues and ongoing construction work within the school environments. The demographic
characteristics of the child and adult participants are presented in Table 1.

Table 1. Participant characteristics of the adults and children.

Participant Variable Parents (n = 9) and Health Professionals (n = 12)

Age
25–34 (%) 2 (10)
35–44 (%) 10 (48)
45–54 (%) 8 (38)
55–64 (%) 2 (10)

Gender
Male (%) 6 (29)

Female (%) 15 (71)
Ethnic group

NZ * European (%) 17 (81)
Māori (%) 1 (5)
Other (%) 3 (14)

Participant Variable Children (n = 79)

Age
10 years (%) 27 (34)
11 years (%) 32 (41)
12 years (%) 17 (22)
13 years (%) 3 (3)

Gender
Male (%) 29 (37)

Female (%) 50 (63)
Ethnic group

NZ * European (%) 43 (54)
Māori (%) 32 (41)
Asian (%) 3 (3.7)

Pacific (%) 1(1.3)
* New Zealand.
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3.1. Comparisons of Participant Groups Using the Card Sorting of Foods by the Current Dietary
Guidelines Model

The mean correct total scores for children, parents, and health professionals are pre-
sented in Table 2.

Table 2. Mean scores of correctness using current dietary guidelines for foods for oral health.

Participant Group Mean Total Scores ± SD
(Range)

Mean Percentage of Correct
Total Scores (Range)

All Adults (n = 21) 20.2 ± 2.49 (12–24) 84 (50–100)

• All Health Professionals
(n = 12) 19.4 ± 2.91 (12–24) 81 (50–100)

• All Parents (n = 9)
21.3 ± 1.22 (19–23) 89 (79–96)

All Children (n = 79) 18.3 ± 2.76 (11–23) 76 (46–96)

The mean correct scores ranged from 76% of cards being correctly categorised out
of a possible 24 cards for the child participants to 89% for the parents. There were no
statistically significant differences observed between parents and health professionals (PD:
8%, 95% confidence interval (CI): −27–38%). For this reason, the results for all adults were
combined for further analyses. The mean percentage of correctly categorised foods of all
adult participants (84%) was slightly higher than that for the children (76%): this difference
in proportions was not statistically significant (PD: 8%, 95% CI: −14–23%).

The maximum number of points that could be achieved was 24 points.

3.2. Categorisations of Foods by Children and Adults: Foods Recommended as Healthy According
to Dietary Guidelines

The proportions of child and adult participants who correctly categorised each food
item as healthy according to recommendations based on the current dietary guidelines are
presented in Figure 2.

Figure 2. Categorisations of foods for oral health as “healthy” by adults (n = 21) and children (n = 79)
using current dietary guidelines.

There were some differences in how children and adults categorised other minimally
processed foods that were regarded as “good” for oral health. Fresh fruit was classified
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as good for oral health by all children, and by three-quarters of adults; this difference
was statistically significant (PD: 24%, 95% CI: 10–45%,). Most minimally processed foods
were correctly categorised as healthy by most participants. All participants categorised
green vegetables as “good” for oral health, and other foods including root vegetables, milk,
eggs, nuts, and white beans and chickpeas were rated as good for oral health by nearly all
participants. There were no statistically significant differences between the proportions of
children and adults who regarded these foods as good for oral health.

Statistically significant proportion differences were observed in the categorisation of
the following foods, where more adults categorised these as good for oral health compared
to children: fish (PD: 22%, CI: 5–32%), chicken (PD: 22%, 95% CI: 2–33%), and red meat
(PD: 34%, 95% CI: 13–46%).

There were no significant differences between the proportions of children and adults
in the categorisation of brown and wholegrain bread and pasta, respectively, for oral health.
Statistically significant differences were observed between the proportions of children
and adults in the categorisation of breakfast cereals for oral health; slightly more than
three-quarters of the children categorised breakfast cereals as healthy compared to one
adult (PD: 70%, 95% CI: 49–79%).

3.3. Categorisations of Foods by Children and Adults: Foods Recommended as Unhealthy
According to Dietary Guidelines

The proportions of child and adult participants who categorised each food item cor-
rectly as unhealthy according to recommendations based on the current dietary guidelines
are presented in Figure 3.
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children (n = 79) using current dietary guidelines.

Statistically significant differences were observed between adults and children for the
correct categorizations of fruit juice (PD: 37%, 95% CI: 16.3–48.7%) and dried fruit (PD: 56%,
95% CI: 35–67%), each categorised as bad for oral health because of high sugar content.
There were no statistically significant differences in the proportions of children and adults
who categorised bacon and salami as harmful for oral health.

There were statistically significant differences in the proportions of children and
adults who classified white bread as unhealthy: less than half of the children classified
white bread as unhealthy, compared to nearly all adults (PD: 48%, 95% CI: 26–60%). High
sugar foods including fizzy drink, sweets, biscuits and cakes, and crisps and chips were
correctly classified as “bad” for oral health by nearly all adults and children. There were no
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statistically significant differences observed in the proportions of children and adults who
correctly categorised each of these foods as detrimental for oral health.

4. Discussion

The principal findings of this study were that the beliefs regarding healthiness of foods
in disparate groups of children, parents, and health professionals reflect recommendations
provided in government-approved dietary guidelines for healthy eating in children and
young people. Most participants correctly categorised fresh, unprocessed foods as beneficial
for oral health and high-sugar foods as detrimental for oral health. Adults attained slightly
higher scores than children for the correct categorisation of foods, but these differences
were not statistically significant. There was limited and mixed understanding in children
and adults, respectively, regarding the beneficial effects of animal produce including
chicken, fish, and red meat for oral health and the detrimental effects of ultra-processed,
carbohydrate-containing foods for oral health.

The use of a picture-card sorting exercise to evaluate oral health food knowledge was
a relatively novel element of this study that enabled direct comparisons of oral health food
knowledge to be made across three groups of children, parents, and health professionals.
Gamification strategies have been used to improve nutritional knowledge about healthier
nutritional habits in young people and as a tool to assess nutrition knowledge [59]. In
a recent study by Walker et al., parents and health professionals expressed a desire for
preventive nutrition interventions to include interactive content, gamification, and practical
resources with which to translate knowledge to practice [60]. The participant burden of the
card sorting exercise was minimal and acceptable to the participants with completion of
the task achieved in approximately 15 min.

The findings from this study should be interpreted with some caution, given the
formative nature of the research. The study was limited to a small area of the central North
Island of New Zealand. Time, budget, and personnel constraints resulted in insufficient
time to recruit further adults for this study. Of interest is a higher number of Māori child
participants (41% of all child participants) compared to census information from 2018
showing that Māori comprise 29.9% of the Taupō population [61]. Although the findings
of this research may be broadly applicable to other regions in New Zealand, there may
be less applicability of the findings internationally, particularly in countries with vastly
differing food, health, social, and political systems. The small number of children and
adult participants did not permit the comparison of results by ethnic group. This would
be useful in future research because New Zealand European, Māori, Asian, and Pacific
peoples have substantially different dietary histories [62]. Further investigation using the
card sorting tasks in a larger population sample would be useful to stratify the findings by
age, gender, and ethnicity. The findings from the statistical testing of differences between
health professionals and parents as well as adults and children should be interpreted with
some caution because of the low numbers of adults who participated in the study and the
consequent lack of statistical power. The scores attained by the adult participants were
high; this may reflect higher levels of interest in nutrition and nutrition knowledge and
may also be a reason why these participants chose to participate in this study. In addition,
there was no recording of dietary data or oral health status of any participants for this
study, which may have provided useful information regarding the extent to which dietary
behaviours reflected beliefs about the healthiness or otherwise of individual foods.

Most participants correctly categorised unprocessed foods, including green and root
vegetables and eggs, as beneficial for oral health. Children and adults also correctly
categorised sugar and high-sugar products as harmful for oral health when assessing
foods in the picture sorting exercise. The high food knowledge scores attained by the
participants in this study, and the alignment of this knowledge with recommendations in
dietary guidelines, suggest that the provision of advice through dietary guidelines and
health promotion initiatives can achieve knowledge acquisition in these groups. These
findings are similar to those of previous research where the classification of foods as healthy
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or otherwise was in accordance with recommendations outlined in government-endorsed
dietary guidelines for healthy eating of the respective countries of study [42,47–50].

Children attained significantly lower scores than adults for the correct categorisation
of fish, chicken, and red meat as beneficial for oral health. The lower scores for the
latter two foods also reflect advice in dietary guidelines regarding fat consumption, with
recommendations to eat lean, low-fat animal produce [52]. In addition, recommendations
regarding caveats around the consumption of meat and dairy produce were also learned
by children and adults through health promotion initiatives. However, the intake of
vitamin D-rich foods such as meat and fish has long been associated with reduced risks
of dental caries [22,24,26]. Further, the evidence relating to reductions in dental caries in
children with higher intakes of full fat dairy products is not reflected in current dietary
guidelines [52]. The disconnects between the beliefs identified in this study regarding
foods that are important for oral health, advice provided in dietary guidelines, and the
evidence regarding dietary causes of dental caries indicates that there are substantial
limitations in oral health education for the prevention of caries through dietary intake of
caries-protective foods.

Breakfast cereals were categorised by 75% of the child participants as at least “good”
for oral health compared to 5% of the adult participants categorising breakfast cereals as
good for oral health. This finding in adults may reflect the growing awareness in the general
population of the high sugar content of cereal-based foods, including a range of hidden
sugars. The “What the Fat? Fat’s IN, Sugar’s OUT” book [63] has sold approximately
150,000 copies, and documentaries such as “That Sugar Film” [64] have been popular in
Australia and New Zealand. The categorisation of cereals by children and of brown and
wholegrain breads by most participants as good for oral health aligns with advice in dietary
guidelines. However, promoted foods within these guidelines include ultra-processed
items such as breads and cereals, which are high processed sugar- and starch-containing
foods, or in the case of porridge oats, typically consumed with added sugars [65–67]. This
advice contradicts long-established evidence of the role of high carbohydrate foods in dental
caries [52] and, in particular, evidence regarding the associations between consumption of
processed sugar- and starch-containing foods and dental caries [68].

The findings from this formative study have a range of implications. Given the burden
of dental caries in New Zealand, and the high personal and public costs of poor oral
health, it is important and timely to consider dietary interventions to improve oral health
and reduce the risk of other chronic diet-related disease in New Zealand families. To
design such interventions, it is important to understand the prior beliefs and knowledge
of nutrition concepts as they relate to health and dental care of populations who are the
target of such interventions and health practitioners who instigate such interventions.
The involvement of, and contribution by, groups for whom the intervention is targeted may
increase the likelihood that the interventions will be feasible, acceptable, and sustainable
for participants.

The nutrition knowledge and beliefs of disparate groups of children, parents, and
health professionals aligned broadly with recommendations in New Zealand’s current di-
etary guidelines for healthy eating in children and young people; this knowledge extended
to beliefs about foods including full fat dairy products and meat for which there are caveats
for consumption in the guidelines. Recommendations in New Zealand’s government-
endorsed dietary guidelines continue to focus on reducing intakes of single macronutrients
such as saturated fat. The emerging evidence on the relationships between high consump-
tion of ultra-processed food products and poor health outcomes should provide impetus to
translate findings through more coherent nutritional guidelines that are based on foods.
Food-based classifications are used increasingly in some countries to inform nutrition guid-
ance; one such country is Brazil, where the NOVA classification scheme is used to classify
foods according to levels of processing [69]. Terminology such as “minimally processed”,
“processed”, and “ultra-processed” foods is used in the set of guidelines statements for the
population [70].
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There is increasing recognition that the consumption of a Western diet, characterised by
large amounts of ultra-processed carbohydrate-based foods, is detrimental for health [71,72].
Methods of classifying foods according to benefit and harm for health include the NOVA
classification system, by which foods are classified according to the extent and purpose of
industrial processing [65–67]. Ultra-processed products according to this classification in-
clude a minimum of five ingredients including sugar, oils, fats, salt, antioxidants, stabilisers,
and preservatives [67]. Other additives in these products include dyes, colour stabilisers,
and non-sugar sweeteners, and substances that have been manufactured using techniques
including carbonating, firming, extrusion, and moulding. Ultra-processed products are
hyper-palatable, packaged attractively, highly profitable, have high health ratings according
to algorithm-based rating systems, and are aggressively marketed to children and young
people [65–67]. The displacement of minimally processed foods by ultra-processed foods
is associated with unhealthy dietary nutrient profiles [65,73,74] and several diet-related
chronic diseases [71]. The high and frequent consumption of breads, cereals, and other
ultra-processed, carbohydrate-containing foods is also associated with dental caries [19]. It
is imperative to establish uniform delivery of messages about the role of ultra-processed,
sugar-and starch-containing foods in dental caries, and the caries-protective effects of eating
full-fat dairy produce and vitamin D-rich foods.

There is also a lack of consumer understanding of the terminology around sugars
in food; this is exacerbated by the presence of sugars in ultra-processed foods promoted
for health benefits in current dietary guidelines [58], and the ubiquity of hyper-palatable,
highly profitable ultra-processed foods in the food supply that are classified as healthy
using star rating systems [75,76]. Current suggestions to “eat less sugars” in oral health
promotion may therefore be too simplistic, given this lack of universal understanding. A
solution for aligning recommendations in dietary guidelines with the evidence may be to
adopt a food classification system, which would also allow greater consistency between the
evidence of benefits in oral health and the consumption of minimally processed, full-fat,
vitamin D-rich foods.

5. Conclusions

Dental caries in children and young people is an ongoing and significant public
health challenge in New Zealand. The beliefs and knowledge of foods for oral health
identified in this study of disparate groups of children, parents, and health professionals
are broadly aligned with recommendations provided in dietary guideline advice used in
oral health promotion initiatives. In addition, recommendations in such health promotion
strategies appear to be absorbed and learned by children and adults, who are the targets of
such initiatives. However, the high and frequent intake of ultra-processed carbohydrate-
based foods recommended in the guidelines inadvertently results in the advocacy of
eating patterns associated with dental caries, obesity, and poor metabolic health through
the life course. It is imperative that the guidelines for healthy eating be updated using
a paradigm relating to the processing of foods, given the evidence of increased dental
caries burdens alongside other chronic diseases associated with the consumption of ultra-
processed food products.
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