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Abstract

Background: One of the most common oral health problems in the world, dental caries, is a multifactorial sickness. Interactions 
between saliva, fermentable carbohydrates, acid-producing bacteria, and several host factors cause it. Objective: This study was 
conducted among a group of adolescents to evaluate the correlation of dental caries severity with the physical properties of saliva 
in connection with nutrition status among a group of adolescents. Materials and Methods: In total, 90 teenagers of both genders, 
aged 15, participated in the current observational (comparison) study. The participants were split into two groups: 60 had previously 
had caries (the study group) and 30 had not (the control group). Adolescents with diverse caries experiences were separated into two 
groups in accordance with World Health Organization (WHO) recommendations from 2013: 30 of them had moderately carious (1–3) 
teeth, and 30 had severely carious experiences (Decay-Missing-Filled Teeth [DMFT] > 10). Caries’ experience was measured using the 
DMFT Index. Weight, height, and body mass index (BMI) measurements were used to determine nutritional status. Based on their 
BMI, adolescents were categorized as having a healthy weight, being at risk of becoming overweight, or being overweight. Results: The 
current study’s findings show that both salivation rate and salivary and potential of hydrogen (pH) mostly decrease within nutritional 
status and caries severity groups but with no significant difference except in the total sample in salivation rate among nutritional status, 
its result is significant; also, there is a significant result between healthy and overweight in salivary flow rate, whereas other results 
are not significant. Conclusion: This study concluded that obesity is one of the factors responsible for deranged salivary parameters, 
that is, diminished stimulated salivary flow rate, buffer capacity, and salivary pH, which in turn has an adverse effect on oral health.
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Introduction
Adolescence is a complex, multisystem transitional process 
involving the transition from childhood immaturity and 
social dependency into adulthood with the goal and 
expectation of fulfilled developmental potential, personal 
agency, and social accountability.[1]

Adolescence is one of the most rapid stages of physical 
development, accounting for one-third of all growth in a 
lifetime, and it begins with the onset of puberty. There is a 
great deal of cultural and individual variation during this 
stage of life.[2]

Dental caries, one of the most common problems in 
oral health, is a complex disease with numerous causes. 

Acid-producing bacteria, fermentable carbohydrates, 
and many host elements (such as saliva) interact in 
complex ways to cause this condition. Bacteria are largely 
responsible for this illness.[3,4]

Diet and nutrition have both local and systemic effects 
on the etiology and pathogenesis of dental caries.[5] The 
effect of nutrition on saliva quality as a function of 
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saliva buffering capacity. There is some debate about the 
relationship between dental caries and body weight.[6]

Saliva is essential for maintaining oral health and 
physiology. It has been shown to be a reliable diagnostic 
tool for detecting a wide range of biomarkers. It can be used 
for oral diagnosis because it protects the host organism. 
Salivary proteins have numerous benefits for tooth health, 
including cleaning the mouth, preventing tooth decay, 
halting demineralization, promoting remineralization, 
quickly neutralizing acids, and protecting the mouth from 
infection.[6–8]

Pellicle protein works with the calcium and phosphate 
ions in saliva to promote the remineralization of enamel, 
which slows demineralization. Salivary (glyco) proteins 
play an important role in dental hygiene by inhibiting the 
growth of oral bacteria by preventing their adhesion to 
the enamel pellicle.[9,10]

Saliva flow rate is important in accelerating the cleansing 
action of the oral cavity by removing shedding soft tissue 
cells, bacteria, and food remnants, as well as buffer action 
that reduces the cariogenic environment orally.[11,12]

Salivary pH has a direct relationship with flow rate, and 
a higher flow rate leads to a higher pH value by buffering 
action, which can reach 7.8 at the highest flow rate.[13]

Caries can be diagnosed and treated with DMFT. 
The DMFT records tooth deterioration, loss, and 
restorations.[14] This index measures the percentage of 
teeth that have been impacted, filled, or lost due to caries 
to assess the severity of dental caries.[15] The DMFT index, 
which is made up of the variables number of decaying 
teeth, number of teeth excised for caries, and number of 
filled teeth is used to assess the prevalence of permanent 
tooth decay. This oral health reporting score is above 
average in terms of validity, consistency, and sensitivity. 
Face validity and sensitivity are reported to be high in the 
published WHO literature on oral health surveys.[16]

Everyone is at risk for acquiring dental caries, but 
adolescents are at a higher risk. There is a correlation 
between the sugar intake of adolescents and dental caries.[17] 
Studies have shown that teens had a higher prevalence 
of dental caries than other age groups.[18,19] However, 
the causes linked with dental caries, particularly among 
adolescents, are poorly understood. This investigation 
sought to investigate the physical properties of saliva 
linked with the severity of dental caries in connection to 
teenagers’ nutritional status.

Materials and Methods
After a thorough examination of 380 adolescents (aged 
15-years-old) of both sexes, 90 were chosen and divided 
into two groups: 60 who had previously experienced caries 
(the study group) and 30 who had not (the control group). 

According to WHO guidelines, in 2013, teenagers with 
various caries experiences were divided into two groups: 
30 of them had moderate (1–3) carious teeth and 30 
had severe (DMFT > 10) experiences. The DMFT index 
fractions were used to quantify the caries experience.

Anthropometric measurements were used to assess 
nutritional status: weight measurement, adolescents were 
weighed using a bathroom scale. Height measurement, the 
adolescent’s height was measured using a stature meter 
height. Body mass index (BMI) measurement, this index 
is a number calculated from the adolescent’s weight and 
height using the following formula: BMI = weight (kg)/
height2 (M2) (WHO, 2000).[20] Adolescents were divided 
into three groups based on their nutritional status: healthy 
weight, at risk of being overweight, and overweight.

The sample size was calculated using “G power 3.1.9.7” 
(written by Franz-Faul, Universitatis Kiel, Germany). 
With the power of the study set at 90%, the alpha error of 
probability set at 0.05 with two-sided, and the assumption 
that the effect size is 0.40 (large) with six groups, the 
sample size comes out to 82 subjects. By adding 10% as 
an error rate, the net sample size comes out to 90 subjects.

Inclusion criteria

-	 Patients without systemic or local diseases have an 
impact on the production of saliva.

-	 Patients generally consent to participate in the study.

Exclusion criteria

-	 Adolescent with a systemic illness.
-	 Patients on a restricted diet.
-	 Patients who utilized fluoride to build their teeth.
-	 Adolescent beginning orthodontic treatment due to 

structural dental abnormalities.

Sample collection
Saliva samples will be taken in the morning for each 
adolescent (9–12 AM). The collection of unstimulated 
salivary samples will be placed under standardized 
conditions in accordance with the guidelines provided by 
Navazesh and Kumar[21]:

1.	 Before saliva collection, the individual should be told 
to refrain from smoking, eating, chewing gum, and 
drinking for 1 h.

2.	 After rinsing his mouth out with distilled water and 
relaxing for at least 5 min, the individual should be 
seated on a chair.

3.	 The participant should be taught to stop moving and 
place his forehead over the test tube that is kept beneath 
it.

4.	 The individual should be told to keep her mouth open 
for 5 min to allow saliva to drip into the tube.
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5.	 The individual was instructed to immediately spit any 
residual saliva into the test tube at the conclusion of 
the saliva collecting time. The real path should take 
5 min to complete.

Saliva is placed in a cooler box and sent to the lab, where 
it is centrifuged for 10 min at 3000 rpm. Once the foam has 
completely disappeared, the salivary flow rate is measured 
in milliliters per minute (mL/min), and the supernatant 
is then separated by a micropipette and stored in deep 
freezing (-200°C) [22] for the subsequent analyses.

Determination of salivary flow rate
By dividing the milliliter (mL) volume of collected saliva 
by the minute amount of time needed for collection, the 
salivary flow rate can be calculated (min).[23]

Flow rate (mL/min) = volume/min

Determination of salivary pH
The pH of resting saliva will be measured using a digital 
pH meter. The pH meter was calibrated in accordance 
with the manufacturer’s instructions. The pH meter was 
checked before saliva collection by submerging it in a 
tube filled with distilled water to read a neutral pH of 7 
and drying it with a clean piece of cotton. Saliva pH was 
measured by integrating the pH meter’s sensor into the 
tube holding saliva and tilting the tube so that the saliva 
could cover the whole surface of the sensor after the saliva 
collection was finished and the froth had vanished.

Ethical approval
The protocol of this study had been approved by the 
ethical committee at the University of Baghdad’s College 
of Dentistry (i.e., the ethical committee authorized this 
study at date 19-1-2022, no. 482). The study protocol was 
explained to each participant, and all participants signed 
written informed consents.

Statistical analysis
One-way analysis of variance, the Games–Howell post hoc 
test, and the Statistical Package for Social Science (SPSS 
version 22.0, Chicago, Illinois) were used to describe, 
analyze, and present the data (Unequal variance).

Results
Results show that males participated more than females, 
and the equal distribution for each caries severity and the 
healthy subjects are more than other categories of BMI 
with equal distribution of both risk over and overweight 
is presented in Table 1.

Descriptive and statistical test of salivary flow rate 
and potential of hydrogen among caries severity and 
nutritional status
The results of the present study are illustrated in Tables 2  
and 3. Show that both salivary flow rate and salivary 
pH mostly decrease within nutritional status and caries 
severity groups but with no significant difference except 
in the total sample in salivary flow rate among nutritional 
status; its result is significant, following multiple pairwise 
comparisons are illustrated in Table 4. Show that only 
there is a significant result between healthy and overweight 
in salivary flow rate, while other results are not significant.

Discussion
Both obesity and tooth decay are complex, multifaceted 
processes that include interactions between genetic and 
environmental variables.[24–26] There may be a link between 
obesity and tooth decay in adults, but there is conflicting 
evidence that this is the case in teenagers.[27]

Tooth decay, also known as dental caries, is a bacterially 
driven, site-specific, complex, and ever-changing illness 
that is triggered by an imbalance between plaque fluid 

Table 1: Distribution of subjects by gender, BMI, and caries severity

Gender Caries Total 

Free Mild Severe

N % N % N % N % 
M Nutrition Healthy 9 45.00 11 52.38 10 55.56 30 50.85

Risk over 4 20.00 5 23.81 5 27.78 14 23.73

Overweight 7 35.00 5 23.81 3 16.67 15 25.42

Total 20 30.77 21 32.31 18 30.51 59 65.56

F Nutrition Healthy 5 50.00 6 66.67 7 58.33 18 58.06

Risk over 1 10.00 3 33.33 3 25.00 7 22.58

Overweight 4 40.00 0 .00 2 16.67 6 19.35

Total 10 28.57 9 25.72 12 38.71 31 34.44

Total Nutrition Healthy 14 46.67 17 56.67 17 56.67 48 53.33

Risk over 5 16.67 8 26.67 8 26.67 21 23.33

Overweight 11 36.67 5 16.67 5 16.67 21 23.33

Total 30 30 30 30 30 33.33 90 100
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and tooth mineral. Treatment for this viral infection can 
be stopped and started again.[28,29]

Salivary flow rate was not significantly different between 
caries-active groups (mild and severe caries groups) and 
caries-free participants, according to the results of this 
investigation. Ahmadi-Motamayel et  al.[30] reported 
no correlation between salivary secretion and decay 
caries active and carries free groups in the age range 
of 15–17  years, which was parallel with the findings of 
this study.

Regarding pH, the changes in salivary pH are influenced 
by the types of food, stimulation of salivary secretion, 
salivary flow rate, time, and buffering capacity. Salivary 
pH can be decreased due to acid production from bacteria 
after carbohydrate consumption. On the other hand, 
salivary pH will increase when the acid is washed and 
neutralized with minerals, such as calcium, phosphate, 
and ions hydroxyl.[31]

The current study shows that salivary pH decreases 
within nutritional status and caries severity groups with 
no significant difference. This result is in line with the 
study conducted by Daniel et al.,[32] where the salivary pH 
of normal BMI children was higher than that of obese 
children. It can be said that overweight and obese students 
were experiencing hypo salivation that decreased the 
salivary pH; the decreased buffering ability of saliva and 
the increased prevalence of caries are the result of saliva’s 
vital role in the oral cavity. Initiation and development 
of carious lesions may be linked to a decrease in salivary 
flow and salivary pH.[33] In addition, a similar study by 
Tulunoglu et  al.[34] reported no correlation between pH 
and caries activity in children in spite of age and gender. 
According to the results of a national study conducted 
in Sweden by Alm et al.,[35] there is a positive correlation 
between dental caries and BMI. The study also showed 
that adolescents who were overweight or obese had 
significantly higher proximal caries prevalence than those 
who were of normal weight. This result may have been 
caused by the fact that overweight participants consume 
sugar more frequently than persons of normal weight, 
according to Honne et al.[36] Another displays an inverse 
correlation.[37]

Furthermore, Cinar et  al.[38] and Werner et  al.[39] 
discovered no link between BMI and dental caries, 
whereas Thippeswamy et  al.[40] and Sakeenabi et  al.[41] 

Table 4: Multiple pairwise comparison of SFR among nutri-
tional status using Games–Howell posthoc test

Total among nutritional status Healthy × risk over = 0.002* 

Healthy × over weight = 0.474

Risk over × overweight = 0.127
SFR: salivary flow rate
*Bold values refer to significant results

Table 3: Descriptive and statistical test of salivary pH among 
caries severity and nutritional status

Caries group Nutritional 
status 

pH

Mean SE F P 
value 

Free Healthy 6.293 0.186 2.250 0.125

Risk over 5.800 0.200

Overweight 5.727 0.237

Mild (1–3) Healthy 6.265 0.151 0.612 0.550

Risk over 5.975 0.268

Overweight 6.360 0.393

Severe 
(DMFT > 10)

Healthy 6.333 0.154 0.078 0.925

Risk over 6.258 0.198

Overweight 6.200 0.455

Total among 
nutritional 
status groups

Healthy 6.302 0.093 1.832 0.166

Risk over 6.076 0.135

Overweight 5.980 0.188

Total among 
caries severity 
groups

Free 6.003 0.134 1.450 0.240

Mild 6.203 0.127

Severe 6.298 0.116

Nutrition

Healthy Free–mild–severe 0.049 0.952

Risk over Free–mild–severe 0.945 0.404

Overweight Free–mild–severe 1.170 0.334
pH: potential of hydrogen

Table 2: Descriptive and statistical test of SFR among caries 
severity and nutritional status

Caries group Nutritional status SFR

Mean SE F P 
value 

Free Healthy 0.725 0.126 1.949 0.162

Risk over 0.348 0.050

Overweight 0.576 0.085

Mild (1–3) Healthy 0.649 0.075 1.493 0.243

Risk over 0.445 0.069

Overweight 0.596 0.116

Severe 
(DMFT > 10)

Healthy 0.590 0.066 1.358 0.270

Risk over 0.433 0.066

Overweight 0.450 0.065

Total among 
nutritional 
status groups

Healthy 0.643 0.049 4.563 0.013*
Risk over 0.420 0.039

Overweight 0.556 0.056

Total among 
caries severity 
groups

Free 0.608 0.070 0.578 0.563

Mild 0.586 0.051

Severe 0.529 0.046

Nutrition

Healthy Free–mild–severe 0.615 0.544

Risk over Free–mild–severe 0.413 0.667

Overweight Free–mild–severe 0.437 0.653
SFR, salivary flow rate
*Bold values refer to significant results
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discovered a link between BMI and dental caries in 
children and adolescents; in the majority of  these studies, 
dental caries were recorded orally and diagnosed at the 
caries level.

The limitations of the present study were that the dietary 
patterns could not be controlled, which might have an 
effect on obesity, dental caries, and salivary parameters. 
Furthermore, the onset of obesity could not be taken into 
consideration.

Conclusion
This study concluded that obesity is one of the factors 
responsible for deranged salivary parameters, that is, 
diminished stimulated salivary flow rate, buffer capacity, 
and salivary pH, which in turn has an adverse effect 
on oral health. Diet may be a secondary factor in the 
development of tooth decay, where Saliva production 
varies from person to person due to inherent differences 
in nutritional status.
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