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Abstract: Background: Lifestyle habits such as sleep, hygiene, or eating conducts are
nowadays suffering from a lack of consistency, and this situation is being linked to systemic
and mental health consequences. Nevertheless, not enough attention has been paid to
investigate the plausible relation between lifestyle habits and oral health, and hence, this
investigation aims to study the possible effects of certain lifestyle conducts on oral health
in dental students. Methods: A sample of 195 dental students was gathered and basic
sociodemographic data (gender, age, and nationality), hygiene habits, as well as data related
to smoking, adherence to healthy habits, and daily schedule constancy were recorded. Oral
health, with reference to decayed, missing, and filled teeth, was recorded using the DMFT
index and bleeding upon probing (BOP). The Healthy Lifestyle Scale (EVS) was utilized
to record sleep, smoking, and mealtime and diet characteristics. Descriptive analysis,
Pearson correlations, a hierarchical linear regression model, and moderation analysis
were performed. Results: The present evidence showed a direct relation between healthy
lifestyle habits and oral health indicators. Respect to mealtime routines (MT), correct sleep
hygiene habits (SR) and eating a balanced diet (BD) exert a moderator effect on caries and
smoking. Smoking shows a positive correlation with the number of filled teeth and BOP.
Conclusions: Findings suggest that healthy lifestyle habits are related to better oral health
status. In addition, correct sleep hygiene habits, a balanced diet, and a mealtime schedule
can act as a moderator factor between caries and smoking.

Keywords: oral health; healthy lifestyle; smoking; caries; mealtimes; sleep; balanced diet;
students; periodontal status

1. Introduction

The term healthy lifestyle refers to “a way of life that is based on the interaction
between individual personal, social, socioeconomic and environmental living conditions”
according to the WHO definition [1]. As stated by the same organization, the most preva-
lent oral diseases, such as caries and periodontal disease, would be included under the
denomination of Non-communicable Diseases (NCDs), since although the bacteria respon-
sible for them are transmissible, healthy lifestyle habits are considered a determining factor
in their prevention [2].
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Although there is no single agreed upon list of healthy lifestyle habits in the literature,
it is true that most studies on the subject give greater relevance to several of them, such
as never having smoked, frequent physical activity, correct stress management, a BMI of
between 18.5 and 24.9 kg/m?, and appropriate dietary and sleep hygiene habits [3,4].

In reference to sleep hygiene habits, Hosker et al. define adequate sleep quantity as
“that which allows the individual to feel rested and function optimally” [5]. The relationship
between alterations in the quality and quantity of rest habits and general health has been
widely analyzed in the literature, describing this relationship as bidirectional, since sleep
can be affected by diseases such as diabetes, arterial hypertension, or cardiovascular
diseases [6] and, in turn, lack of sleep could alter the functioning of the immune system
and produce systemic inflammation [7].

There are also multiple connections between oral health and sleep. Classically, sleep
disorders have been linked to alterations in the quantity and composition of saliva, high-
lighting alterations in immunoglobulin and interleukin values, as well as higher plaque
and calculus values [7,8].

Regarding the relationship between caries and sleep, both Chen et al. and Ogawa et al.
describe higher caries incidence in children with shorter total nighttime sleep duration and
in general, worse consistency in bedtime schedules [7,9]. Dietary habits are known to be
associated with various health problems, such as increased body mass index, metabolic
changes, cancer, or immune system dysfunction [10].

In relation to diet, the literature defends not only the importance of its quality, but
also of the frequency of intakes and their motivation (referring to the concept of emotional
eating, which relates these aspects to the triggering of intakes due to emotional factors and
not to hunger).

The relationship of these dietary patterns is also related to oral health, both directly
and as a mediating factor. Different studies describe that a high fiber or vitamin D content
would be related to a better periodontal status [11,12], or that healthy intake patterns result
in better DMFT values [13].

It would, therefore, be important to assess the possible implications of subfactors such
as the stability in behaviors related to these important aspects of oral health, which have
not been taken into account individually until now, and which, being framed within factors
such as diet and sleep, have not been the subject of research to date.

Oral implications of tobacco use are also well described in the literature, with oral
cancer, periodontal disease, and caries being some of the most prevalent [14].

It is widely recognized that even though dental students should be well trained about
oral health care, they can also be a vulnerable group due to unhealthy lifestyle habits due
to their heavy workload, high levels of stress, and exhausting class schedules, despite
being trained as health professionals. Therefore, the objectives of this research would be
as follows:

- To evaluate the relationship between healthy lifestyle (smoking (SH), balanced diet
(BD), respect for mealtimes (MR), and sleep hygiene (SR)) and oral health.

- To explore whether adherence to mealtimes, a balanced diet, and sleep hygiene could
moderate the relationship between smoking and dental caries.

Based on these objectives, the hypothesis is that the above named healthy lifestyle
habits, do have an impact on oral health. Therefore, proper adherence to a balanced diet,
consistent mealtime routines, and correct sleep hygiene routines should be linked to a
lower caries ratio and better periodontal health. Additionally, it is expected that healthy
lifestyle habits will influence other lifestyle choices, such as smoking.
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2. Materials and Methods
2.1. Study Design and Setting

A cross-sectional study was conducted at Rey Juan Carlos University in Alcorcén,
Madrid, Spain. All dental students were requested to take part in the investigation, vol-
untarily, and without any extra compensation. The study received approval from the
ethics committee of Universidad Rey Juan Carlos, under registration number ENM132/19
1111202020320.

Prior to beginning, the nature and aim of the research were explained to all students,
who then signed an informed consent form. To ensure anonymity, students were instructed
to identify themselves using the initials of their first and last name. Those with any local or
systemic condition (such as disabilities, medication intake and/or preexisting pathologies)
that could influence their oral health status, as well as those who declined to provide
informed consent, were therefore excluded from the study.

The sample size was calculated by considering the number of dental students enrolled
in the 2019/2020 and 2020/2021 academic years (N = 228), with an acceptable margin of
error of 5% and a confidence level of 95%. Given these parameters, it was concluded that at
least 136 students would be needed from the study population to ensure a statistically rep-
resentative sample. Consequently, the sample of 144 students enrolled across all five years
of the program was considered appropriate.

A specialist was asked to train two examiners, who were also calibrated, with the
kappa statistic result during the calibration process being 0.91, suggesting a strong level
of agreement.

Participants were organized into smaller groups and assembled in the waiting room
of the Rey Juan Carlos University clinic, where they were provided with instructions to fill
out the questionnaire, while an instructed member of the research team stayed in the room
to address any questions they might have.

The oral health of the dental students was evaluated through clinical examinations.
For this, a flat surface mirror, exploration and periodontal probes, gauze, and compressed
air were used under artificial lighting conditions. The DMFT index, proposed by the World
Health Organization (WHO), was calculated, referring to the number of decayed, missing,
and filled teeth in permanent dentition, as well as the BOP.

2.2. Measures

As well as data on fundamental sociodemographic aspects (gender, nationality, age,
etc.), crucial data on healthy lifestyle habits using a structured self-administered ques-
tionnaire were gathered. Furthermore, all participants underwent an oral examination to
assess the DMFT index, which includes the total number of decayed (CD), filled (OD), and
extracted teeth (ED), as well as the bleeding on probing index (BOP) [15,16].

To assess whether the participants maintain a healthy lifestyle, the Estilo de Vida
Saludable scale (EVS) was utilized. This scale includes 12 items categorized into three
subscales: eating habits, smoking habits, and sleep hygiene habits. Each item must be
rated on a scale from 1 to 5 (where 1 means totally disagree and 5 means totally agree), and
the total score from all items will indicate the subject’s lifestyle healthiness. Regarding a
healthy diet, it allows us to find adherence not only to a balanced diet, but also provides
information about meal scheduling. In relation to sleeping habits, it sheds light on resting
times and quality and respect to sleeping time routines [17].

2.3. Statistical Analysis
Statistical analysis was conducted using SPSS version 27 (SPSS Inc., Chicago, IL, USA).
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Descriptive analyses and Pearson correlations were carried out on the variables related
to oral health, eating habits, and lifestyles, and hierarchical linear regression models were
used to search for predictors of DMFT. Also, basic data analysis included descriptive
statistics of sociodemographic variables (mean =+ standard deviation) and a Kolmogorov—-
Smirnov test to assess the assumption of normality, which was confirmed, were performed.

Additionally, to explore whether lifestyle habits could have had moderating effects on
the relationship between smoking and caries, a simple moderation analysis (model 1) was
performed using the Hayes PROCESS module (version 3.3) for SPSS version 27, (SPSS Inc.,
Chicago, IL, USA).

Cronbach’s alpha was also calculated to assess the internal consistency of the instruments.

3. Results
3.1. Characteristics of the Sample

The sample included 195 subjects (50 males and 145 females), with a mean age of
24.5 + 5.7 years old. The average and standard deviation for EVS, were 38.2 8, and
10.11 = 3.24 for the SH subscale, 9.52 + 2.92 for SR, 10.35 & 2.53 for MR, and of 9.29 + 2.52
for BD. The DMFT score was 4.5 £ 4.6, and the bleeding on probing (BOP) rate was 0.65%.
Healthy gums, indicated by bleeding being less than 10%, were observed in 92.3% of
the participants.

3.2. Relationship Between the Variables of Oral Health and Healthy Lifestyle Habits (EV'S)

As can be seen in Table 1, healthy lifestyle habits (EVS) show a positive relationship
with sleeping routines, adherence to mealtime schedules, and a balanced diet, reinforcing
their protective role in oral health. These practices are negatively correlated with the DMFT
index and the number of filled teeth, highlighting that a healthy lifestyle is associated
with a lower burden of treated dental problems. In contrast, smoking habits (SH) show a
weak correlation with most variables but a significant positive relationship with sleeping
habits (SR, r = 0.221 *), filled teeth (r = —0.163 *) and bleeding on probing (BOP, r = —0.244),
suggesting that smoking is a risk factor for gingival inflammation. Among oral health
indicators, the DMFT index is strongly influenced by filled teeth (r = 0.912) and decayed
teeth (r = 0.603). However, better lifestyle habits, including good sleep and regular mealtime
schedules, are associated with lower DMFT values and its components (especially filled
and decayed). Lastly, bleeding on probing (BOP) shows weak but significant correlations
with indicators of poor oral health, such as filled teeth (r = 0.267). These results support the
initial null hypothesis.

Table 1. Pearson’s correlation between the variables of oral health and healthy lifestyle habits (EVS).

EVS SR SH MR BD DMFT  Decayed Filled Missing BOP
EVS 1
SH 0.531 ** 1
SR 0.805 ** 0.221 ** 1
MR 0.707 ** 0.013 0.528 ** 1
BD 0.695 ** 0.044 0.463 ** 0.499 ** 1
DMFT —0.282 ** -0.110 —0.233 ** —0.286 ** —0.160 * 1
DECAYED —0.098 0.034 —0.052 —0.169 * —0.115 0.603 ** 1
FILLED —0.285 ** —0.163 * —0.246 ** —0.246 ** 0.117 0.912 ** 0.249 ** 1
MISSING —-0.073 0.087 -0.173 * -0.173 * —-0.124 0.330 ** 0.216 ** 0.150 * 1
BOP —0.201 ** —0.244 ** —0.141* —0.141 % 0.193 ** 0.193 ** —0.052 0.267**  —0.037 1

Notes: EVS (healthy lifestyle habits), SH (smoking habit), SR (sleeping routines), MR (mealtime respect), BD
(balanced diet), DMFT (decayed, missing, filled), BOP (bleeding on probing), * correlation is significant at the
0.05 level. ** Correlation is significant at the 0.01 level.
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3.3. Moderation Analysis of Sleep Routines, Adherence to Mealtimes and Balanced Diet on
Smoking and Dental Caries

A moderation analysis was performed using smoking as the independent variable,
dental caries as the dependent variable, and adherence to sleep routines, mealtimes, and
adherence to a balanced diet as moderating variables. As shown in Table 2, significant inter-
action values were obtained for all moderating variables: SR (3 = —0.04, SE=0.01,t = —3.71,
p <0.001, 95% CI[-0. 06, —0.02]), MR (3 = —0.05, SE = 0.01, t = —3.46, p < 0.001, 95% CI
[—0.07, —0.02]), and BD (3 = —0.04, SE = 0.01, t = —2.48, p < 0.001, 95% CI [-0.07, —0.01]).

Table 2. Prospective prediction of adherence to sleep, mealtime routines, and a balanced diet on
smoking and dental caries.

R? F p Beta (SE) t p 95% CI
DV = Decayed teeth 0.07 494 <0.001
Smoking Habit 0.45 (0.12) 3.73 <0.001 0.21, 0.69
Sleeping Routine 0.43 (0.13) 3.23 <0.001 0.17,0.69
Interaction —0.04 (0.01) —-3.71 <0.001 —0.06, —0.02
DV = Decayed teeth 0.09 6.02 <0.001
Smoking Habit 0.51 (0.15) 3.45 <0.001 0.22,0.80
Mealtime Respect 0.38 (0.15) 2.52 <0.001 0.08, 0.69
Interaction —0.05 (0.01) —3.46 <0.001 —0.07, —0.02
DV = Decayed teeth 0.05 3.68 <0.001
Smoking Habit 0.46 (0.16) 2.89 <0.001 0.15,0.78
Balanced Diet 0.36 (0.16) 2.22 0.03 0.04, 0.69
Interaction —0.04 (0.01) —2.48 <0.001 —0.07, —0.01

To determine the conditions under which sleep routines (SR), respecting mealtimes
(MR) and a balanced diet (BD) exert a moderating effect on the main model, significance
levels and upper and lower bounds of confidence intervals were analyzed. The results
indicate that sleep hygiene has a significant moderating effect only in individuals with low
levels of SR, while no effect is observed in those with medium or high levels of SR (Table 3,
Figure 1). Similarly, adherence to mealtimes shows a significant moderating effect only in
individuals with low levels of MR, with no observable effect in those with medium or high
levels of MR (Table 3, Figure 2). A balanced diet, on the other hand, exerts a significant
moderating effect in individuals with low and medium levels of BD, but not in those with
high levels of BD (Table 3, Figure 3).

Table 3. Conditional effects of adherence to sleep routines, mealtimes, and a balanced diet on smoking
and dental caries.

Sleeping o
Routine Beta (SE) t P 95% CI
High —0.05 (0.04) —1.06 0.29 —0.13, 0.04
Medium 0.08 (0.04) 1.90 0.06 0.00, 0.16
Low 0.16 (0.05) 3.03 <0.001 0.06, 0.26
Mealtime o
Respect Beta (SE) t p 95% CI
High —0.09 (0.05) —3.46 <0.001 —0.07, —0.02
Medium 0.38 (0.15) 2.52 <0.001 0.08, 0.69
Low 0.51 (0.15) 3.45 <0.001 —0.07, —0.02
Balanced Diet Beta (SE) t p 95% CI
High —0.03 (0.04) —0.80 0.43 —0.12,0.05
Medium 0.09 (0.05) 1.99 0.05 0.00,0.18
Low 0.17 (0.07) 2.63 0.01 0.04, 0.30
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Figure 1. Moderation analysis of sleep hygiene habits (SR) on smoking habits (SH) and decayed teeth.
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Figure 2. Moderation analysis of mealtime respect (MR) on smoking habits (SH) and decayed teeth.
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Figure 3. Moderation analysis of a balanced diet (BD) on smoking habits (SH) and decayed teeth.
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3.4. Descriptive Studies of the Main Indicators of Dental Health in Students of the Degree in
Dentistry at the Rey Juan Carlos University

As can be seen from Table 4, in the analyzed sample, it was found that the mean CAOD
index value is 4.5, with a standard deviation of 4.6 (4.5 £ 4.6). On average, each student has
1 & 1.7 untreated carious teeth and 0.21 £ 0.6 extracted teeth. Regarding gingival health,
measured as the percentage of teeth showing bleeding after probing their gingival margins,
the mean value obtained was 0.65%. Additionally, in 92.3% of the subjects analyzed, a
gingival bleeding value of less than 10% of the teeth was found.

Table 4. Descriptive studies of the main indicators of dental health in students of the Degree in
Dentistry at the Rey Juan Carlos University.

N Min. Max. Media Standard Deviation IC 95%

Caries 195 0 8 1.03 1.74 (0.78-1.28)
Filled Teeth 195 0 20 3.28 3.67 (2.76-3.8)
Extracted
Teeth 195 0 4 0.21 0.60 (0.13-0.29)
DMFT 195 0.00 28.00 4.52 4.62 (3.87-5.17)
BOP 195 0.00 9.26 0.65 1.85 (0.40-0.92)

Note: DMFT: DMFT index (carious, missing and filled teeth), BOP: bleeding on probing index.

4. Discussion

The results of this study show that regarding diet, individuals who eat a balanced
diet (understood as a diet capable of providing a state of general health and wellbeing),
in which parameters are set as weekly intake of vegetables, fish, or legumes, as well as a
global self-perceived dietary balance, showed better DMFT values [18].

These findings have been previously defended by other authors who maintain the
influence of diet over oral health as a direct factor as well as a moderator factor [19].

In regards to the factor of respecting mealtimes as a habit, it has traditionally been
considered an important factor towards dietary decision making, being linked to healthier
choices, allowing a more regular range of intakes, or related to stable glucose blood levels.
In fact, Chamorro et al. found in 2022 that individuals who adhere to a more stable
mealtime schedule and in accordance with the body’s circadian rhythm would better
facilitate its regulation [20]. Various studies also directly link poor adherence to mealtimes
as a significant factor contributing to higher caries rates [21-23].

Some of the plausible causes that could explain the value of mealtime schedule stability
as a predictor of oral health status have been previously named by other authors. Adherence
to a mealtime schedule leads to choosing healthier options, moving away from “fast
food” alternatives which have higher cariogenic potential [24]. It has also been previously
described that individuals who skip breakfast, as a palpable way to measure lack to
mealtime stability, tend to ingest more refined sugar, and it has also been linked to a higher
rate of systemic inflammation, both situations which are associated to caries and gingival
diseases [25,26].

Regarding sleep habits, that is, getting enough sleep to ensure rest while maintaining
a stable bedtime, it is considered a factor that has a bidirectional effect on overall health,
as it can affect hormonal regulation, including cortisol production and tolerance [27,28],
and correlate with various diseases such as hypertension, metabolic disorders, depression,
or cardiovascular diseases [29]. In addition, some conditions such as fibromyalgia, renal
failure, or theumatoid arthritis have been shown to cause sleep disorders [29].

With respect to the present investigation, data show that low adherence to SR leads
to a lower scoring in oral health indicators (caries and gingival bleeding). These data are
supported by previous studies, such as the study by Han et al., which reported poorer oral
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health in individuals who slept for shorter periods, or the study by Alawady et al., which
reported that patients who slept less than 7 h per day had higher caries rates [30,31]. As in
the current study, Shah et al. highlight the strong connection between sleep quality and
quantity and oral health, also using caries and periodontal status as reference values [32].

It has also been argued that poor SR is associated with higher fat and bicarbonate
intake and a tendency to eat between meals, which may be associated with a higher risk of
caries [33].

Given the fact that meal timing consistency may have a moderating effect on the
association between caries and smoking, a plausible explanation may be that people with
poorer sleep quality tend to have a weaker immune response [34] and higher levels of
salivary cytokines [35] or alterations in the normal oral microbiota [36], all of which pose
risks that may increase the well-known harmful effects of smoking. In addition, the role
of sleep hygiene as a moderator on the association between caries and smoking could be
explained trough prior research that support changes in microbiota composition and saliva
acidification in smokers [37], conditions which facilitate caries appearance, but that could
be improved when sleeping quality is corrected, as defended by previous investigations
that defend the key role of sleep and circadian rhythm in saliva production [38] and
composition [39,40], improving the natural mechanisms of caries protection.

It is also well known that subjects who carry out a healthy balanced diet tend to show
better oral health [41,42], but besides well-known direct action through the number and
frequency of sugary intakes or pH levels [43,44], it could also act as a moderator factor
for caries in smokers due to its influence over oral microbiome composition [45] which is
usually altered in smokers [46]. A balanced diet has also been proven to act as a preventive
factor against caries trough the ingestion of fruit, whole grains, and vegetables [47-49]. In
the same vein, different authors have also linked gingival health status to healthy lifestyle
habits [50], with smoking and an unbalanced diet being named as direct causes for severe
gingivitis [51].

Regarding oral health status, the results of the present study indicate that the subjects
have a mean CAOD value of 4.5, a figure very similar to that found in the research by
Cortés et al. conducted on students from the University of Barcelona, who reported a
CAOQOD value of 5.04. This is highly significant due to the cultural similarities between both
populations, which should not only share scientific knowledge associated with the training
received throughout the degree (which follows an almost identical curriculum) but also
have similar social and cultural patterns [52].

Somewhat poorer results are described by Jouhar et al. (6.0 in their sample of Saudi
students), although it is important to note that they only analyzed male students, a group
to whom the literature historically assigns higher CAOD values [53].

Regarding data from previous studies analyzing gingival health in dental students,
the results are consistent with those found in the present study, showing lower gingival
bleeding than in the general population. However, most studies used indices other than
BOP or, more commonly, self-perception scales, making comparisons more complex [54].

It is also important to point out some limitations. The validity of convenience sampling
can be argued. In addition, the age of the participants is indicated within the range
or average of similar studies [55-57]. From a gender perspective, there is an uneven
distribution, as women tend to be highly represented in most health-related fields in our
environment, and therefore, it would be important to take this inequality into account
and further investigate on its possible repercussions in future research. Furthermore, for
the mean values obtained for DMFT, the results are within the range found in previous
oral health studies on dental students [58]. Another limitation stems from the use of
self-reported measures, which may be affected by recall bias and social desirability-based
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responses. Furthermore, bitewing x-rays were not performed to confirm caries diagnoses
or to assess fillings, along with the logical biases that it may imply. It would also have
been desirable to consider other oral diseases and systemic interactions that can affect oral
health, as shown in the literature by Pardo et al. [59].

Another factor to consider is the lack of follow-up over time, as this is an inherent
limitation of cross-sectional studies.

Lastly, it would be important to extend this investigation to lay people, as dental
students present generally better oral health status compared to the general population [48],
where lifestyle habits hold implications over oral health that could be even more severe.
It is also important to note that participants were not analyzed based on their year in the
program. This was due to the complexity of determining each student’s year, as they could
enroll in courses from different years if they had failed a key subject.

In view of the results, it would be advisable to establish a line of investigation that
could infer these results to the general population and therefore establish educational
policies to raise awareness of the importance of healthy lifestyle habits towards oral health.
This information could be especially valuable in an already vulnerable group regarding
oral health, such as smokers, who could be specifically beneficiaries of this information,
and should be strengthened throughout the dental school curriculum.

It would also be useful to continue this line of investigation and further investigate
how lifestyle habits can affect oral microbiome composition or saliva secretion.

5. Conclusions

Findings suggests that healthy lifestyle habits are related to better oral health status.
In addition, correct sleep hygiene habits, a balanced diet, and adherence to mealtime
schedules can act as moderator factors between caries and smoking.
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