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Abstract: This study aimed to identify the association between BMI and dental caries in 6–12-year-old
children. This cross-sectional study was carried out among 6–12-year-old school children and their
parents. The data on Body Mass Index (BMI) and dental caries for study participants were included
in the study. The association between BMI and dental caries was evaluated using SPSS software.
The study comprises 400 school children (157 boys and 243 girls) aged an average of 8.9 years. The
overall prevalence of dental caries was 84% in primary dentition and 75% in permanent dentition,
with a mean DMFT and dmft (decayed, missing and filled teeth) of 2.85 and 5.48, respectively. There
was a significant association witnessed between mothers’ education and BMI status. A significant
association was also evident between decayed (d), missing (m) and filled (f) teeth and overall dmft
with different BMI categories (p < 0.05). There was no significant association evident between DMFT
and each category of BMI (p > 0.05). The dmft and DMFT within the four BMI categories by one-way
ANOVA were highly significant (p < 0.001). Post hoc analysis helped us identify the relationship
among the various categories of BMI with dental caries. There was a positive association evident
between the BMI of the children and dental caries.

Keywords: body mass index; children; dental caries; decayed

1. Introduction

Although it is internationally accepted that assessing height and weight is a reliable
indicator of general health and wellbeing [1], it has been reported that abnormal weight
leads to deprived impacts, including growth, health, quality of life and health problems in
children [1–4]. Saudi Arabia has been dynamically Westernized in recent decades, and is
now an expanding overweight population [5]. Increasing weight is now a genuine concern
in Saudi Arabia, where 70 percent of society encounters this issue [6]. Dental caries are
common in children, regardless of numerous preventive strategies like the utilization of
fluoride as dentifrices, mouthwashes or fissure sealants, which may be due to inadequate
plaque removal, and above all, the dietary habits of consuming more significant amounts
of sugary and highly retentive food [2]. The prevalence of dental caries was significantly
higher among Saudi Arabian school children; it was estimated to be around 80% for primary
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dentition, with an average dmft (decayed, missing and filled teeth) score of 5, and a DMFT
score of 3.5 for permanent dentition [7].

A person’s weight in kilograms divided by their height in square meters is measured
as body mass index (BMI). Globally, BMI and dental caries constitute fundamental health
problems among children [3,4]. Parents and caretakers need to obtain sufficient knowledge
through legitimate professional support to handle these problems [2]. Before finding
out the common risk factor among them, it was essential to identify previous studies
that have discussed the relationship between them. Many studies showed contradictory
relationships. Various studies [2,8] reported that the results were not conclusive to prove the
relationship between them, but suggested further research and other confounding variables
that play a significant role in the association between dental caries and weight. Previously
published studies established that dental caries and body mass index (BMI) are directly
associated [2,9–13]. There are mixed opinions reported in the literature regarding BMI
status and dental caries. Chen et al. [14] reported a positive association between overweight
children with dental caries. The authors concluded that children in high-income countries
are more prone to be overweight than those in low- and middle-income countries. A
systematic review by authors from Saudi Arabia concluded that the BMI values would
vary between countries [15]. Another systematic review done by Pasi et al. al [16] reported
an inconsistent association between dental caries and BMI status. On the other hand, some
research showed no association between BMI and dental caries [17–19]. Recently, a couple
of authors reported from various parts of Saudi Arabia established an association between
dental caries and dental caries [19–23]. Few researchers observed a positive relationship
between dental caries and BMI [20,21], and some other studies found a negative association
between BMI and dental caries [19,22], while a few other studies observed non-significant
observations [6,17]. The majority of the studies focused on children from different parts of
Saudi Arabia, while none of the researchers focused on Riyadh children of age 6–12 years.
Therefore, the study aimed to identify the relationship between BMI and dental caries
among school children aged 6–12-years-old.

2. Materials and Methods

The Riyadh Elm University scientific committee has approved the proposal under ethi-
cal approval of RC/IRB/2016/335. After the study was approved, permission was obtained
from the deans of respective schools to conduct the survey. A cross-sectional study was con-
ducted among primary school children aged 6–12 years old in the 2017–18 academic year.
The G* Power Statistical Software (version 3.1.9.2) was used to calculate a minimum sample
size of 400 participants. Simple random sampling was employed to select participants,
and 20 schools were chosen randomly in Riyadh city. It was planned that approximately
20 children were to be randomly examined in each primary school between 6 and 12 years
of age, based on inclusion and exclusion criteria, to achieve a sample of 400. A prior
explanation of the purpose of the study to the parents and their children assured them of
confidentiality, for which all the participants agreed to provide their personal information
regarding the purpose and the procedures of our study. The inclusion criteria were Saudi
natives, healthy children aged between 6–12 years and children whose parents signed the
informed consent. Non-Saudi national children, those undergoing orthodontic treatment
and those not medically fit were excluded from the analysis. The study was conducted in
two phases. The brief questionnaire, which was about the age and gender of their child,
the parent’s educational level and their financial status, was first filled out by the parent.

The height and weight were recorded, followed by an oral examination of the child.
The child was asked to stand straight after removing their footwear. The standing height
was estimated to be the closest full centimeter, utilizing a measuring scale (Model: Seca
213 portable Stadiometer height-rod). The weight was noted using an electronic librated
scale, and rounded off to the nearest 1 kg. BMI was computed by dividing the weight
by kilograms and height squared in meters. BMI was categorized into underweight
(BMI < 18.5), normal (BMI 18.5–24.9), overweight (BMI 25–30) and obese (BMI > 30) [24].
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The children were seated on a comfortable chair under natural light using sterile portable
equipment, including a mirror, explorer and cotton pellets. Dental caries was diagnosed
according to World Health Organization oral health survey [25].

The collected data were tabulated in a Microsoft Excel sheet. The two examiners were
selected to examine the children, and the method followed was to overcome the bias. The
kappa statistics showed excellent (0.8 and 0.9) intra—(Examiner 1 and Examiner 2) and
good (0.7) inter-examiner reliability. The relationship between the four BMI groups and the
demographic factors (gender, mother’s and father’s education and family’s financial status),
DMFT and dmft within caries-free and caries-active groups were evaluated and tested.
The association of DMFT and dmft with BMI status was assessed using One-Way-Anova
and post hoc analysis. Pearson’s correlation was utilized between dmft/(dmft + DMFT)
and BMI status to determine the relationship between caries and weight status among the
genders. A value of p < 0.05 was considered statistically significant, while p < 0.001 was
considered highly effective.

3. Results

Overall, 400 children participated in the study of age 6–12 years. Among them, 60%,
243) of the subjects were girls, and 40% were boys (157). 34% (135) of the study population
were underweight, while average weight, overweight and obese children were 26%, 22%
and 19%, respectively. 30% of the girls were normal weight and 19% were obese, while
18% of boys were obese and 19% were normal weight. The relationship between the BMI
categories and the demographic factors (gender, mother’s and father’s education and the
family’s financial status) was summarized in Table 1.

Table 1. Demographic characteristics concerning BMI status categories (Chi-Square test).

Details Underweight Normal Weight Overweight Obese p-Value

Gender
Male 64 (16%) 30 (7.5%) 35 (8.75%) 28 (7%)

0.03 *
Female 71 (17.75%) 74 (18.5%) 51 (12.75%) 47 (11.75%)

Mother’s education

Below high school 23 (5.75%) 5 (1.25%) 11 (2.75%) 12 (3%)
0.03 *High school 29 (7.25%) 24 (6%) 28 (7%) 22 (5.5%)

Graduation and above 83 (20.75%) 75 (18.75%) 47 (11.75%) 41 (10.25%)

Father’s Education

Below high school 24 (6%) 9 (2.25%) 20 (5%) 20 (5%)
0.06 NS

High school 40 (10%) 33 (8.25%) 24 (6%) 22 (5.5%)

Graduation and above 71 (17.75%) 62 (15.5%) 42 (10.5%) 33 (8.25%)

Financial status

<5000 riyals 42 (10.5%) 22 (5.5%) 29 (7.25%) 30 (7.5%)
0.19 NS

5000–10,000 riyals 44 (11%) 39 (9.75%) 25 (6.25%) 24 (6%)

>10,000 riyals 49 (12.25%) 43 (10.75%) 32 (8%) 21 (5.25%)

* = Significant; NS = Non-significant.

The BMI of the subjects was given in four groups, where only a minor percent (26%)
of the participants were in the normal range of 18.5–24.9 BMI. A significant association
with p < 0.05 was found between the four categories of BMI about gender. The Chi-Square
test did not reveal any significant relationship between the father’s education and socioe-
conomic condition and the children’s BMI status. However, the mother’s education was
significantly associated with the BMI status of the child. The numbers and percentages of
participants in the four categories of BMI in relation to the presence or absence of dmft are
shown in Table 2.
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Table 2. Relationship between dental caries (dmft) among the primary teeth with BMI
status categories.

Primary Teeth Underweight Underweight Normal Weight Overweight p-Value p-Value

decayed (d)
Present 119 (29.75%) 49 (12.25%) 69 (17.25%) 62 (15.5%)

<0.001 **
Absent 16 (4%) 55 (13.75%) 17 (4.25%) 13 (3.25%)

missing (m)
Present 58 (14.5%) 34 (8.5%) 53 (13.25%) 51 (12.75%)

<0.001 **
Absent 77 (19.25%) 70 (17.5%) 33 (8.25%) 24 (6%)

filled (f)
Present 51 (12.75%) 20 (5%) 33 (8.25%) 23 (5.75%)

0.009 **
Absent 84 (21%) 84 (21%) 53 (13.25%) 52 (13%)

dmft
Present 130 (32.5%) 67 (16.75%) 80 (20%) 67 (16.75%)

<0.001 **
Absent 5 (1.25%) 37 (9.25%) 6 (1.5%) 8 (2%)

**-Highly Significant.

Table 2 also shows the individual categories of BMI concerning the presence or ab-
sence of dmft. The results show a highly significant (p < 0.001) relationship among the
BMI categories for both decayed and missing teeth, particularly in the underweight, over-
weight and obese categories. Similar results are seen for filled teeth, which was significant
(p < 0.05) among the BMI categories. The individual categories of BMI in relation to the
presence or absence of DMFT are shown in Table 3. The results show that decayed teeth are
more common in children in the underweight and overweight categories (54.5%) of BMI,
compared to normal children (17.75%), although this was not statistically significant. The
rate of missing permanent teeth is almost negligible, irrespective of any of the categories of
BMI, and was also not significant (p > 0.05). DMFT scores were almost equally distributed,
and were slightly more in underweight children (p > 0.05).

Table 3. Association of DMFT and dmft with BMI status along with post hoc. (one-way ANOVA
with post hoc).

Index Underweight Normal Weight Overweight Obese p-Value Post hoc

DMFT 2.24 (1.785) 2.41 (2.371) 2.77 (2.033) 4.00 (3.553) <0.001 * 4 > 3 = 2 = 1

dmft 4.56 (2.387) 2.38 (2.486) 6.49 (2.913) 8.49 (4.225) <0.001 * 4 > 3 > 1 > 2

D = decayed; M = missed; F = filled; T = Teeth; dmft = primary teeth; DMFT = permanent teeth, *-Significant.

Figure 1 There is evidence to show that a positive association (r = 0.25) between
overall scores of BMI and DMFT and statistical significance was evident (p < 0.05). Figure 2
explains the association based on gender and BMI status. There was no evidence of a
statistically significant association between BMI status and DMFT among various BMI
groups, including underweight, normal weight, overweight and obese children. All the
comparisons are illustrated in Figure 2.
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4. Discussion

Various studies [19–21] have been reported from Saudi Arabia regarding the relation-
ship between dental caries and BMI. The Avon Longitudinal Study of Parents and Children
(ALSPAC) [26], which considered 5000 children in their research from birth to 15 years,
found that the maximum number of children changing from a healthy weight to overweight
or becoming obese was much higher between 7 and 11 years than between 3 and 7 years
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or 11 and 15 years of age. Based on this study, the study sample used in the present study
was aged 6–12 years. In the present study of the selected age group of 6–12 years, it was
found that there is a female preference for increased BMI. The prevalence of increasing
weight and dental caries in children is a concern in Saudi Arabia [27–32]. Alshihri et al. [33]
reported that obesity and dental caries are multifactorial diseases, and the establishment
of an association between these two diseases is very complex. Therefore, the objective of
the present study was to identify the relationship between these two prevalent factors in
school children, as the results of this research may help plan and promote healthcare at a
very early age. The present study’s analysis revealed that increased weight and obesity
conditions showed a positive association with prevalent dental caries, and the results were
statistically significant.

The current study results also showed that girls had a higher BMI than boys, which
could be because females are more prone to increased weight and obesity due to anxiety,
stress and depression due to changes in puberty, leading to increased levels of cortisol pro-
moting weight gain [34]. Mothers with no school education resulted in an increased chance
of obesity in their children [35–37]. In the present study, maternal education and employ-
ment were directly related to the child’s BMI (p < 0.05), unlike paternal education, which
was not statistically significant. The truth behind the significance is that the mother spends
comparatively more time with children than their fathers [37], which might explain why
maternal education has a more significant effect than paternal education [31]. Mothers also
have greater responsibility for checking on their children’s dietary habits than fathers [35].
The present study revealed that the relationship between socioeconomic status and obesity
did not show any statistical significance. This interaction [38] is a complex relationship. In
underdeveloped low-income countries, people with good financial conditions tend to have
more obese children due to increased consumption of a high-calorie diet and less physical
activity, unlike the children of developed countries where incomes are high. Individuals
with good financial conditions are less obese as they are more conscious of their eating
habits and physical health. This may be due to many community and preventive programs
in developed countries that influence people with high socioeconomic status, making them
more conscious about their health [39–42]. Being a developed country with high salary
slabs, Saudi Arabia showed similar results with reduced obesity (though not statistically
significant) in high socioeconomic groups [43].

The overall prevalence of dental caries in primary dentition was 84%. In permanent
dentition, it was 75% among the total number of children examined, with a mean DMFT
of 2.85 and DMFT of 5.48. The present study showed that around 40.25% of participants
were overweight or obese, which was higher than the estimated trends in obesity and over-
weight prevalence in Saudi Arabia [44], which was estimated to be 30.1% (27.3%–33.0%).
Saudi Arabia has experienced tremendous monetary and social changes over the past few
decades [45,46]. Fast urbanization, overwhelming dependence on vehicles, multiplied
satellite television and telecommunication automation and lessened occupational work
demands have added to the enormous lifestyle changes, including expanded, inactive prac-
tices and diminished physical activity [45,47]. This habit of sedentary life among children
in Saudi Arabia has led to children becoming addicted to video games for approximately
4 h a day on average [48]. These factors increase weight, and therefore BMI. This can be
aggravated by the predominant intake of a high-calorie diet, including foods such as fries,
cakes, ice creams and chocolates [49]. The increased prevalence of obesity is consistent with
other previous studies of the Middle East [19–22].

The authors hypothesized a positive association between BMI and dental caries in
6–12-year-old children, and found a significant relationship between them. The present
study findings revealed that BMI is one of the predicting factors for dental caries, and
vice versa. As BMI is a sign of health, it is a valuable instrument to determine a person’s
health. For the vast majority of the population, a normal BMI range is 18.5 to 24.9. The
BMI scale is one of the nutritional screening or assessment tools used for screening mal-
nutrition. Underweight individuals have a BMI of 18.5 or lower, which is interchangeable
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with malnutrition [49]. Prior studies [50,51] have shown that dental caries in primary
dentition have an association with malnutrition during childhood; however, malnutrition
in permanent dentition has not been reported in the published literature among Arabian
children. Hypoplasia of enamel [50], hypofunction of salivary glands [50,52] and altered
composition of saliva [50] are the effects of malnutrition, resulting in increased dental caries,
but these individual effects are beyond our study.

Children with low BMI show that increased dental caries can happen bi-directionally.
One is that malnutrition or decreased BMI results in increased dental caries because of the
causes mentioned above (hypoplasia, hyposalivation and altered composition of saliva).
In a reversed way, the other reason is that the pain due to the advancement of dental
caries leads to reduced food intake, resulting in malnutrition and reduced BMI [53–55].
Furthermore, severe dental caries associated with iron deficiency anemia posed indigent de-
velopment and reduced BMI [54]. Johansson et al. [52] showed that many of the protective
constituents (total protein, immunoglobulins, lactoperoxidase and lysozyme) are depressed
in malnutrition conditions, resulting in an increased number of caries. It has been reported
that buffer capacity and lower salivary pH promote carious activity in cystic fibrosis. How-
ever, this study was performed in adults, and our findings were not comparable [56]. The
present study findings also exhibited that the dental carious lesions in underweight school
children were comparatively high.

Previously published studies [16,57] reported that increased weight and obesity are
more likely caused by potential risk factors relating to a high frequency of sugared foods
and between-meal snacks, resulting in increased dental caries. However, the dietary habits
of the participants are beyond this study. The authors opine that this is a prime reason for
increased BMI, particularly among schoolchildren in urban areas of Saudi Arabia [19,26,58].
Ruottinen et al. [59] examined children from infancy to 10 years, and concluded that
constant intake of high sucrose increases weight and dental caries. Comparably, several
studies associated BMI with dental caries, which gave very contradictory results with
direct [2,9–12], indirect [13] or no association being evident among them [18,19]. The present
study directly associated increased weight and obesity with dental caries. This could be
due to reduced buffering mechanisms [60,61] and increased streptococcal count [62].

The sample size in the study was 400, although the sample was only from Riyadh
school children. A study with a larger sample size would be imperative to generalize the
findings. Selecting a particular population group (school children) may make it difficult
to generalize this data to other geographic areas. Other dependent factors like the role
of constituents of saliva, dietary habits and physical activity status should have been
included to reach a tapering conclusion. Still, the uniqueness of the present study is that
we investigated ages between 6 and 12 years and focused on both genders, unlike the
previously published studies that were focused only on males or females individually. In
the present study, however, the authors observed a positive association between dental
caries and BMI status among Arabian children living in Riyadh. The authors in the present
study used the same BMI categories for both genders based on the findings utilized in
prior studies from Saudi Arabia [26]. The use of different BMI categories for boys and
girls might provide a more realistic insight into the association with dental caries. The
majority of the studies from Saudi Arabia focus on dental caries and BMI status [20–23];
none of the studies discussed parental education and BMI status in 6–12-year-old children.
This study establishes the association between parental education and BMI status, a key
finding in the present study. There was a positive association between dental caries
and BNI status in the present study, and these findings agree with earlier studies [21,22].
Abu El Qomsan et al. [21] analyzed 386 children of 6–12 years of age from AlKurj City,
Saudi Arabia, while Ashour et al. [22] involved 275 special care female participants aged
6–17 years residing in Makkah City, Saudi Arabia. Nevertheless, in the present study,
400 children aged 6–12 years participated from Riyadh city, Saudi Arabia. It is imperative to
distinguish the hazard in early childhood by taking necessary measurements and planning
a strategy to improve weight-related issues (either malnutrition or obesity) and dental
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caries. For this, this is not just the responsibility of pediatricians or pediatric dentists; it
should be a multidisciplinary approach for ‘healthy weight’ and ‘healthy teeth’.

5. Conclusions

This study identified greater DMFT in obese and overweight children. Among Arabian
children, girls were observed with a higher BMI compared to boys. However, the mother’s
education was significantly associated with the BMI status of the child. There was no
significant relationship between the father’s education or socioeconomic condition and the
children’s BMI status.
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