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Objective: To evaluate the association between body mass index (BMI) and waist circumfer-
ence (WC) and dental caries (DC), and the clinical consequences of untreated dental caries
(U-DC) among 12- to 14-year-old male public-school adolescents in the Northern Province,
Saudi Arabia.
Methods: The demographic and anthropometric measurements of 302 boys 12 to 14 years of
age (mean: 12.5 years) were recorded. BMI and central obesity (based on WC) were mea-
sured. The decayed-missing-filled teeth (DMFT) index was used to record DC. The pulp
involvement, ulceration, fistula, abscess (PUFA) index was used to quantify the clinical
consequences of U-DC. Multiple logistic regression analysis was performed to evaluate the
risk factors related to DC and clinical consequences of U-DC.
Results: A high prevalence of DC was found in adolescents who were underweight according
to BMI and nonobese based on WC (46.7% vs 34.5%). The association between underweight
(BMI) and obese (WC) with DC (odds ratio [95% CI]) was 1.91 (0.87, 4.18) and 0.34 (0.18, 0.63),
respectively, while with PUFA (adjusted odds ratio [AOR]; 95%Cl), it was 1.76 (0.76, 4.09) and
0.19 (0.06, 0.63) respectively. The logistic regression model showed that consuming sugar
more than once a day led to a 2.87-fold greater likelihood of DC (AOR [95% CI] =2.87 [1.68,
4.88]) and a 3.91-fold greater likelihood of mean PUFA score (AOR [95% CI] = 3.91 [2.05, 7.44].
Conclusion: High risks for DC and clinical consequences of U-DC were observed among
underweight and nonobese adolescent males. The frequency of sugar consumption was
significantly associated with both conditions.
© 2021 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction 66%-75% of adults and 25%-40% of children are overweight or

obese.’ Body mass index (BMI) trends of children and adoles-
Obesity is a major global epidemic and is associated with cents from various high-income nations have remained static
increased risk for morbidity and mortality. In the Middle East, from 1975 to 2016, and do not correlating with those seen in
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adults.”? Worldwide prevalence of obesity increased from 0.7%
in 1975 to 5.6% in 2016 for girls and from 0.9% in 1975 to 7.8%
in 2016 for boys,” while prevalence of moderate and severe
underweight children decreased from 9.2% in 1975 to 8.4% in
2016 for girls and from 14.8% in 1975 to 12.4% in 2016 for boys.
Prevalence of moderate and severe underweight children was
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reported in 2017 as highest in India at 22.7% among girls and
30.7% among boys.? Prevalence of obesity was reported to be
about 20% or more in Polynesia and Micronesia, the Middle
East and North Africa, the Caribbean, and the United States.?
In Saudi Arabia, obesity is increasing at an alarming
rate due to significant changes in dietary habits and lifestyle
practices.’

In 2010, national prevalence rates of overweight and obe-
sity in Saudi adolescents were 23.1% and 9.3%, respectively.*
Furthermore, dental caries (DC) levels in Saudi Arabia are
high per recent reports (2019), when compared globally, and
have a prevalence of 64.9% among 12-year-olds and 71.35%
among 15-year-olds.”

Obesity and DC share common risk factors, including par-
enting, lifestyle, and psychosocial factors.® Diet plays a signif-
icant role for both and includes poor eating habits such as
increased frequency and excessive consumption of high-cal-
orie fermentable carbohydrates and cariogenic junk food.”®
Other factors are age and sex.” It has been reported that die-
tary factors, oral hygiene practices, and socioeconomic status
(SES) are more significant risk factors for DC than for
obesity.'>

Previous studies focused on the associations among DC,
BMI, and nutritional status have reported conflicting findings.
Although some did not find evidence of associations,'? others
have shown that obesity increases the probability of DC.*?
Furthermore, a significant relationship was found between
being underweight and DC.'*'® Undernutrition and over-
weight/obesity are each categories of malnutrition.’® The
coexistence of malnutrition with overweight and obesity is a
global challenge for individuals, families, communities, and
countries.'® Moreover, a significant association between low
BMI and the consequences of untreated dental caries (U-DC)
in children has been reported.””

In Saudi Arabia, epidemiological studies have been con-
ducted in different regions to explore the link between obesity
and DC; these have reported conflicting results. A positive
association was found in Al-Kharj city,'® Jeddah," the Riyadh
region,” and Taif.’’ In contrast, an inverse association was
observed in the Qassim region,” the Medina region,”® and
Jazan city.”* It has been observed that DC prevalence’ and obe-
sity status’are high in Saudi Arabia when compared to global
values. However, there is a lack of agreement about the associ-
ation between nutritional status and DC in reported studies.

Severely decayed teeth have significant impact on the
overall health, nutrition, height, and weight of children and
lead to discomfort, pain, sleep problems, learning disabilities,
and absence from school.” Because of the common risk fac-
tors discussed, it is essential to verify the associations
between nutritional status and DC and the clinical conse-
quences of U-DC, along with associated risk factors. There
have been few reports from the northern region of Saudi Ara-
bia that have evaluated this relationship. Hence, our study
investigated associations among BMI, central obesity
(assessed by weight circumference [WC]), and DC, including
the clinical consequences of U-DC. We also explored the
impacts of SES, parent education levels, frequency of tooth
brushing, and frequency of sugar intake on DC and the clini-
cal consequences of U-DC, among 12- to 14-year-old male
public-school adolescents.

Methods

This descriptive, cross-sectional study was conducted
between December 2018 and March 2019 in Aljouf province,
in the northern region of Saudi Arabia. Ethical approval was
obtained from the Local Committee of Bioethics, Jouf Univer-
sity, Saudi Arabia (LCBE Approval No: 7-20-3/40). Written
informed consent was obtained from the parents or care-
givers of participants after they were provided an explanation
of the study objectives. All procedures were in full accord
with the Declaration of Helsinki. The study enrolled 12- to
14-year-old male public high school adolescents, who also
provided written informed consent. Those suffering from
medical illness or who failed to provide consent, as well as
female adolescents, were excluded from the study.

The Aljouf region has 3 governorates: Sakaka, Qurayyat,
and Dumat Al-Jandal. Multistage random sampling was used
to recruit the participants. In the first stage, 3 schools from
each district were chosen randomly from a list of schools in
the region. In the second stage, systematic random sampling
was used to select adolescents from the schools’ admission
lists.

To calculate sample size, the prevalence of overweight and
obesity in the population was considered to be 23% based on
previous population-based studies.”” The size of the sample
was then calculated using OpenEpi software,”® with a preci-
sion of 5%, type 1 error of 5%, and a 95% CI. The study sample
size needed was initially determined to be 272 participants.
After estimating an expected dropout rate of 10%, the final
minimum sample size required was determined to be 302
participants.

Data collection

All participants received a semistructured questionnaire to be
filled out by parents or caregivers. The self-administered
questionnaire was used to obtain sociodemographic data,
including age, tooth brushing frequency, parent education
level, SES, and frequency of sugar consumption. SES was
defined as low (monthly income of <3,000 Saudi Riyals [SAR]),
middle (monthly income of >3,000 but <10,000 SAR), and high
(monthly income of >10,000 SAR).” The reliability of the
questionnaire (¢ =0.8) was calculated by requesting 30 ran-
domly selected parents to complete it again during a face-to-
face interview after 2 weeks.

Anthropometric examination

The height of each participant was measured, without shoes,
to the nearest 0.5 cm, using a stadiometer. The body weight
of participants was measured while they wore minimal cloth-
ing, to the nearest 0.1 kg, on a digital scale. The BMI (kg/m?) of
each child was calculated from body weight and height. The
results were plotted on BMI percentile curves provided by the
US Centers for Disease Control and Prevention.”® Based on
their BMI, children were classified into 4 categories: under-
weight (BMI for age <5th percentile), normal weight (BMI for
age between the 5th and 84th percentile), overweight (BMI
for age between the 85th and 95th percentile), and obese (BMI
for age >95th percentile). Central obesity was assessed by
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measuring WC to the nearest 0.5 cm while the participant
was in a standing position and using a nonelastic measuring
tape. The reference point chosen was the highest point on
the iliac crest at the end of a gentle expiration. Participants
were classified as obese when WC was >90th percentile for
age and as nonobese when WC was <90th percentile for age.?

Caries examination

Oral examinations of the participants were conducted at their
schools. Individual students were seated on a chair, and the
examination was carried out using plane mouth mirrors
under artificial light, World Health Organization (WHO)
probes, disposable gloves, masks, and wooden tongue
depressors.

No radiographs were taken to diagnose DC lesions. DC sta-
tus was determined using the decayed-missing-filled teeth
(DMFT) index,”® which is most often used to measure DC
experience. The DMFT index cannot ascertain clinical conse-
quences of U-DC (ie, involvement of the pulp, abscess, and
sinus/fistula). Because U-DC affect the growth, development,
and quality of life of children and adolescents,*® we used the
pulp involvement, ulceration, fistula, and abscess (PUFA)
index to establish these.®’ The PUFA index also allows
quantification of the clinical consequences of U-DC for epide-
miological studies. It was calculated in the same cumulative
manner as the DMFT index.**

A single investigator was involved in both the dental
examinations and anthropometric measurements. Intraexa-
miner validity was calculated by re-examining 30 participants
in 1 randomly selected school; the results showed « values of
0.90 for the DMFT index and 0.85 for the PUFA index. Meas-
urements for waist, height, and weight were recorded twice
for each child, and the average was used for analyses.

Statistical analysis

The data collected were analysed using x> tests and multiple
logistic regression according to the Statistical Package for the
Social Sciences version 24.0 (IBM Corp.). Multiple logistic
regression was performed to identify factors associated with
BMI, central obesity, and DC, including the consequences of
U-DC. First, a simple logistic regression was conducted to
screen for significant variables (P < .25). Subsequently, multi-
ple logistic regression was done to adjust for the effects of
other variables. Multiple logistic regression analysis was per-
formed using 3 automatic methods (forward logistic regres-
sion, backward logistic regression, and forward conditional
logistic regression). The method with the highest number of
significant variables (P < .05) was chosen, after which the
enter method was used to obtain the final model. Model fit-
ness was assessed using the Hosmer—Lemeshow test.

Results

The total enrolment was 302 participants. Mean age was 12.57
+ 0.50 years. The participants were almost equally distributed
throughout the province’s regions: Sakaka (32.4%), Qurayyat
(32.7%), and Dumat Al-Jandal (34.7%). Participants came from

9 separate schools, randomly selected (3 schools per gover-
norate), to form as representative a sample of the Aljouf prov-
ince as possible.

The overall prevalence of the presence of 1 or more
decayed tooth (D > 1) and 1 or more pulpally involved tooth
(P > 1) among the study population was 28% and 26%, respec-
tively. The distribution of the study sample according to SES,
level of parent education, frequency of tooth brushing, fre-
quency of sugar intake, BMI, and the central obesity associ-
ated with DC and the clinical consequences of U-DC is shown
in Table 1. We observed that DC were highly prevalent among
those of high SES (45.5%), those consuming sugar more than
once per day (38.9%), those with a low parental education
level (31.5%), those who were underweight according to BMI
(46.7%), and those who were nonobese by WC (34.5%). The
overall mean of the consequences of U-DC as assessed by the
PUFA score was 0.38 (0.78), and the highest mean PUFA scores
were found in the underweight adolescents (0.60 [0.81]).

Factors associated with DC were analysed using logistic
regression as shown in Table 2. Among the covariates, fre-
quency of sugar consumption, BMI, and central obesity were
found to be statistically significant (P value < .25). Participants
who consumed sugar more than once per day were 2.57 times
more likely to have DC than those who consumed sugar only
once per day (crude odds ratio [COR] =2.57; 95% CI 1.54-4.30).
Those who were underweight by BMI were 1.9 times more
likely to have DC than those with normal weight BMI
(COR =1.91; 95% CI0.87-4.18). Those who were overweight by
BMI were 68% less likely to have DC than those who were nor-
mal weight by BMI (COR =0.32; 95% CI 0.14-0.76). Participants
who were obese were 45% less likely to have DC than those
who had normal weight (COR =0.55, 95% CI 0.24-1.26). In the
case of central obesity, obese individuals were 66% less likely
to have DC than those who were nonobese (COR=0.34; 95%
CI0.18-0.63).

In multiple logistic regression, only the frequency of sugar
intake and central obesity remained statistically significant
predictors of DC. Those who consumed sugar more than once
per day were 2.87 times more likely to develop DC (adjusted
odds ratio [AOR]=2.87;95% CI 1.68-4.88). After adjustment,
obese adolescents, based on WC, were 70% less likely to
develop DC (AOR=0.30; 95% CI 0.16-0.57). Model fitness was
assessed using the Hosmer—Lemeshow test (P value =1.00),
with an overall classification of 71.9%, and the area under the
curve (AUC) was 67.6%. Hence, the final model was consid-
ered to adequately fit the data.

Factors associated with the clinical consequences of U-DC
are shown in Table 3. Among these, SES, frequency of sugar
consumption, central obesity, parental education level, and
BMI were considered statistically significant after simple
logistic regression (P value < .25). Hence, these factors were
included in the multiple logistic regression to adjust for the
effects of other variables. Participants who consumed sugar
more than once per day were 2.11 times more likely to have
clinical consequences of U-DC than those who consumed
sugar only once per day (COR =2.11; 95% CI 1.25-3.55). In mul-
tiple logistic regression analysis, those who consumed sugar
more than once per day were 3.9 times more likely to have
clinical consequences of U-DC (AOR =3.91; 95% CI 2.05-7.44).
In terms of parental education level, those with parents at a
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Table 1 - Dental caries status and PUFA score according to study variables.

Characteristics N (%) Caries status PUFA Score
Mean (SD)
Presence Absence
(D >1) N (%) (D=0) N (%)

Socioeconomic status

Low 156 (51.7) 46 (29.5) 110 (70.5) 0.44 (0.74)

Middle 135(44.7) 34 (25.2) 101 (74.8) 0.30 (0.84)

High 11(3.6) 5 (45.5) 6 (54.5) 0.45 (0.52)

Frequency of sugar intake

Once per day 171(56.6) 34(19.9) 137 (80.1) 0.27 (0.58)

More than once per day 131(43.4) 51(38.9) 80 (61.1) 0.52 (0.96)

Frequency of brushing

Once a day 23(7.6) 8(34.8) 15 (65.2) 0.70 (1.72)

Twice a day 37(12.3) 12 (32.4) 25 (67.6) 0.24 (0.43)

Irregular 242(80.1) 65 (26.9) 177 (73.1) 0.37 (0.67)

Parental education

Primary 143(47.4) 45 (31.5) 98 (68.5) 0.47 (0.76)

Secondary 62(20.5) 13 (21.0) 49 (79.0) 0.18 (0.39)

Higher 87(30.3) 27 (27.8) 70 (72.8) 0.37 (0.96)

BMI groups

Underweight 30(9.9) 14 (46.7) 16 (53.3) 0.60 (0.81)
(less than 5th percentile)

Normal weight 178(58.9) 56 (31.5) 122 (68.5) 0.39 (0.68)
(5th to 84th percentile)

Overweight 54(17.9) 7 (13.0) 47 (87.0) 0.04 (0.19)
(85th to 95th percentile)

Obese 40(13.2) 8(20.0) 32(80.0) 0.60 (1.34)
(greater than 95th percentile)

Central obesity measured by WC

Nonobese 203(67.2) 70 (34.5) 133 (65.5) 0.43 (0.71)
(less than the 90th percentile)

Obese 99(32.8) 15 (15.2) 84 (84.8) 0.26 (0.90)
(more than 90th percentile)

Total 302(100) 85 (28.1) 217 (71.9) 0.38 (0.78)

BMI =body mass index; PUFA = pulp involvement, ulceration, fistula, and abscess; SD = standard deviation; WC = waist circumference

Table 2 - Factors associated with dental caries among
adolescents.

Variable COR (95% CI) Pvalue AOR (95% CI) Pvalue
Socioeconomic status

Low 1

Medium 0.81(0.48,1.35) .413

High 2.0(0.58,6.86) .274

Frequency of brushing

Once 1

Twice 0.90 (0.30,2.70) .851

Irregular 0.69 (0.28,1.70) .418

Frequency of sugar intake

Once 1 1

More than once 2.57 (1.54,4.30) <.001 2.87(1.68,4.88) <.001
Parent education

Primary 1.19 (0.68,2.10) .547

Secondary 0.69 (0.32,1.46) .332

Higher 1

BMI

Normal weight 1

Underweight 1.91(0.87,4.18) .107

Overweight 0.32(0.14,0.76) .010

Obese 0.55(0.24,1.26) .155

Central obesity

Obese 0.34(0.18,0.63) .001 0.30(0.16,0.57) <.001
Nonobese 1 1

AOR = adjusted odds ratio; BMI=body mass index; CI=confidence
interval; COR = crude odds ratio.

primary school level of education were 11% more likely to
have clinical consequences of U-DC than those who had
parents with a higher level of education (AOR=1.11; 95% CI
0.56-2.22). In terms of BMI, the underweight group were
1.76 times more likely to have clinical consequences of U-DC
than the normal weight group (AOR =1.76; 95% CI 0.76-4.09).
For central obesity, those who were obese were 81% less likely
to have clinical consequences of U-DC than those who were
nonobese (AOR=0.16; 95% CI 0.06-0.63). The fitness of the
model was assessed using the Hosmer—Lemeshow test (P <
.001), with an overall classification of 72.5%, and the area
under the curve was 78.0%. Hence, the final model was
considered to fit the data adequately. However, only the
Hosmer—Lemeshow P value was less than .05 and, therefore,
statistically significant; the other fit indices exceeded the
cutoff value

Discussion

In our study, high rates of DC and clinical consequences of U-
DC were found in adolescents who were underweight accord-
ing to BMI, as well as in those who were nonobese according
to WC. The consumption of sugar more than once per day
was significantly associated with both conditions, after con-
trolling for potential effects from other covariates.
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Table 3 - Factors associated with clinical consequences of untreated dental caries (PUFA) among adolescents.

Variable COR (95% CI) Pvalue AOR (95% CI) P value
Socioeconomic status
Low 1
Medium 0.50(0.29, 0.86) .013
High 1.82 (0.53, 6.25) 342
Frequency of brushing
Once 1
Twice 1.53(0.41, 5.68) .528
Irregular 1.78(0.58, 5.43) .310
Frequency of sugar intake
Once 1 1
More than once 2.11(1.25,3.55) .005 3.91(2.05,7.44) <.001
Parent education
Primary 1.77 (0.98, 3.22) .060 1.11 (0.56, 2.22) 759
Secondary 0.78 (0.35, 1.76) 549 0.26 (0.10, 0.70) .007
Higher 1 1
BMI
Normal weight 1 1
Underweight 1.57 (0.71, 3.49) 266 1.76 (0.76, 4.09) .189
Overweight 0.09 (0.02, 0.39) .001 0.21 (0.04, 1.05) .058
Obese 1.01 (0.48, 2.14) 978 0.73 (0.03, 0.50) 045
Central obesity
Obese 0.35(0.19, 0.66) 001 0.19 (0.06, 0.63) .006
Nonobese 1 1

AOR = adjusted odds ratio; BMI = body mass index; CI=confidence interval; COR = crude odds ratio; PUFA = pulp involvement, ulceration, fistula,

and abscess.

Studies in different regions of Saudi Arabia have reported
conflicting results regarding the association between obesity
and DC. These could be due to differences in methodology or
sample characteristics. However, many used only BMI when
defining obesity.?” Even though BMI is most commonly used
to assess obesity, it does not differentiate between body fat
and lean body mass.** In our study, both BMI and WC were
measured to overcome this limitation. WC is considered an
accurate anthropometric indicator of central adiposity in
children and more sensitive and specific in assessing obesity
than BMI and waist-to-hip ratio.>* Therefore, our data provide
baseline references for future studies investigating associa-
tions between nutritional status and risk factors for DC and
the consequences of U-DC in this population.

One recent report'® stated that malnutrition is related to
DC and underweight children are more likely to have a
greater number of decayed teeth and related clinical conse-
quences than normal-weight children. They found that a
high frequency of sugary food consumption alters the effects
of nutritional status on U-DC. Another found that chronic
U-DC had a negative effect on BMI in children, and this effect
was higher in younger children than in the older age group.®”
Moreover, DC and U-DC clinical consequences have been
found to be important predictors of poor school performance
in low-income adolescents.*® There is a variable relationship
between DC and nutritional status, which is mainly deter-
mined by family sociodemographic characteristics.’” Devel-
oped countries have an unequal distribution of DC than
developing countries, which could modify the risk factors
associated with DC.*®

In this study, children of parents with a low level of educa-
tion had 1.19 times higher risk of DC than those of parents

with a high educational level. Other studies have reported
similar findings.’® Moreover, the association between low
educational background and having a DMFT score > 0 was
found significant in developed countries.®® This has been
explained by the fact that parental education level deter-
mines family income and influences access to home and pro-
fessional preventive care measures, such as fluoride
toothpaste, dental floss, low-caloric sugar-free diets, and pri-
vately paid dental sealants.”” In addition, parental education
background affects factors such as oral health literacy and
behaviour, dietary and oral hygiene practices, and frequency
and pattern of dental health services utilisation.®

In the present study, the underweight group was 1.9 times
more likely to have DC than normal-weight or obese groups,
and 1.7 times more likely to have clinical consequences of
U-DC than the normal-weight group. However, other stud-
ies*™*? have demonstrated low DC levels in obese children, as
well as a high prevalence of consequences of U-DC among
underweight children and children with delayed growth. Mal-
nutrition has been associated with DC among Brazilian chil-
dren from low-income families.'® It has been posited that the
association between underweight status and DC in children
could affect enamel maturation and composition, as well as
tooth morphology and reduced salivary flow and buffering
capacity, which, in turn, increase susceptibility to DC.** In
contrast, the low prevalence of DC among obese children has
been explained by increased stimulation of salivation due to
increased food consumption, which buffers pH lowering and
acts as a mechanical cleanser.**

It is important to note that pain and oral infection result-
ing from U-DC have direct and indirect effects on the nutri-
tional status of a child, leading to underweight, malnutrition,
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and growth failure.’>*> Poster et al*® reported that salivary
gland hypofunction and changes in salivary composition, as
well as enamel hypoplasia, were associated with both DC of
the primary teeth and early childhood malnutrition. The high
impact of the clinical consequences of U-DC has been previ-
ously reported in socioeconomically deprived and under-
weight children.*® Furthermore, a significant association
between the clinical consequences of U-DC and low BMI was
reported among Filipino children.”” A high prevalence of the
clinical consequences of U-DC in primary teeth was associ-
ated with underweight status in Saudi preschool children,”
and it was determined that the pain and infections associated
with U-DC could have affected the growth and development
of these children.”® The association between low weight and
U-DC is considered to be an important determinant of child-
hood developmental disabilities, although this continues to
be an often neglected factor.'* Pulpal involvement was more
commonly reported as a clinical consequence of U-DC among
our study population than other components of the PUFA
index. It was assumed that the attitude and behaviour of ado-
lescents and their parents towards utilising dental services in
the northern region of Saudi Arabia could be one explanation.
Access to oral health services and the use of fluoridated sub-
stances were considered to be potential effect modifiers.*’
Other regions of Saudi Arabia have reported that poor oral
hygiene practices, lack of parental guidance, and appropriate
dental health knowledge, together with frequent exposure to
cariogenic foods, in addition to sociodemographics, were the
main risk factors for U-DC.*®

In terms of central obesity measured by WC, the nonobese
group was 2.9 times more likely to have DC and the clinical
consequences of U-DC than the obese group. However, when
included in the multiple logistic regression analysis, the
underweight group did not reach statistical significance..
Given that there was no significant interaction between BMI
status and WC for either DC or the consequences of U-DC, the
underweight variable may have lost statistical power, consid-
ering that it evaluated the same characteristic as WC.

In our study, a slightly higher frequency of DC was found
among obese adolescents when obesity status was measured
by WC than by BMI This indicates that the association
between BMI and DC can underestimate the prevalence of
DC. Moreover, in the present study, it was observed that a
higher number of adolescents were classified as obese when
obesity was measured by WC than when measured by BMI.
Further studies are needed to support our results; it would be
valuable to determine whether BMI or central obesity is the
optimal risk indicator for DC in epidemiological studies and
preventive programs.

The present cross-sectional study had limitations As this
was an observational study, causal relationships could not be
determined. Our study involved only males and had a mini-
mum sample size because of accessibility limitations in the
female population. Other limitations, such as the quality of
sugar and specific lifestyle habits, have not been considered
and could act as confounders. Furthermore, underweight
adolescents comprised only 9.9% of the study sample, which
might have compromised the representativeness of these
participants. In the future, prospective longitudinal studies
with a larger sample size should be performed to confirm our

findings. Additionally, further studies will be essential to
determine whether these results are the same in female ado-
lescents.

Conclusion

Our study provides an understanding of the relationship
between BMI and DC, including the clinical consequences of
U-DC in adolescents in a northern province of Saudi Arabia.
Those who were underweight by BMI and nonobese by WC
had a high prevalence of DC and clinical consequences of U-
DC. Frequency of sugar consumption was mainly associated
with increased prevalence of DC and their clinical conse-
quences when left untreated. There is a need for oral health
prevention strategies, such as behavioural and dietary modi-
fications, to prevent DC and the clinical consequences of U-
DC. Oral health care providers and policy makers should tar-
get intervention programs accordingly.
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