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Abstract

Aim: To assess the relationship between salivary alkaline
phosphatase (S-ALP) levels and dental caries experience
and severity and the correlation between S-ALP and Body
Mass Index (BMI) of children.

Abbreviations

ALP: Alkaline Phosphatase; BMI: Body Mass Index; CDC:
Center for Disease Control and Prevention; def: decayed,
indicated for extraction, filled; DMF: Decayed, Missing,
Filled; dmf: decayed, missing, filled; ICDAS: International

Caries Detection and Assessment System; S-ALP: Salivary

Methods: This cross-sectional study included 30 Alkaline Phosphatase

participants aged 6-8 years. The participants’ BMI was
measured, followed by saliva collection and evaluation of
caries experience and severity. The S-ALP levels were
measured spectrophotometrically.

Introduction

Dental cariesis considered one of the oldest and most
widespread diseases in humans. It is a common chronic
infectious condition caused by tooth-adhering bacteria
that break down sugars into acid, gradually leading to
the demineralization of tooth structure [1]. The WHO
Global Oral Health Status Record (2022) estimated
that nearly 3.5 billion people worldwide suffer from
oral diseases, with the majority-about 75%-residing
in middle-income countries. Globally, around 2 billion
people experience caries in their permanent teeth,
and 514 million children are affected by caries in their
primary teeth [2]. Untreated carious lesions, particularly
when accompanied by pain, can impact the children's
development, both physically and psychologically,
along with their academic performance, and everyday
activities [3].

Results: Results showed a positive correlation between
S-ALP levels and dental caries experience in primary
dentition with a statistically significant difference (p = 0.031),
as well as a positive correlation between S-ALP and caries
experience in mixed dentition, but without a statistically
significant difference (p = 0.512). There was a positive
relationship between S-ALP and caries severity, although
this was not statistically significant (p = 0.306), and a positive
correlation between S-ALP and BMI without a statistically
significant difference (p = 0.654).

Conclusion: High levels of S-ALP are linked to a higher risk
of both dental caries and obesity, making it a possible dual
biomarker for the early prediction of both diseases.
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In addition, overweight and obesity have become
increasingly identified as significant health concerns
among children. They can negatively impact a child's
health, school performance, and overall life quality.
Research shows that obese children and adolescents
are about five times at higher risk of remaining obese
as adults, making them more vulnerable to systemic
diseases [4]. Body mass index (BMI) is a measurement
that compares height to weight and is commonly used
to classify individuals as underweight, overweight, or
obese. Weight deviation from normal occurs when
there is animbalance between calorie intake and energy
expenditure [5].

Both dental caries and elevated BMI pose significant
global health issues, particularly among children and
adolescents [6]. Both conditions are multifactorial, with
their causes involving a range of factors such as diet,
nutrient availability, oral hygiene, and saliva [7].

Since teeth are constantly surrounded by saliva,
the components of saliva are crucial in the process of
dental caries which make them important biomarkers
for the diagnosis and detection of caries. A biomarker
is @ measurable and observable molecular feature that
indicates a specific biological or pathological process
[8]. Certain salivary enzymes, like Alkaline Phosphatase
(ALP), play a key role in the development of dental
caries. Changes in ALP levels influence the balance of
phosphate and calcium ions, leading to disruption of
the balance between enamel demineralization and
remineralization, thus impacting the dental caries
process [9].

Concerning obesity, saliva composition has not
been extensively studied. Evaluating potential risk
factors contributing to both dental caries and obesity is
essential for establishing the key focus areas for public
health interventions. This also helps increase public
awareness of the negative impacts of these conditions
and offers important insights for health policymakers.

Therefore, the purpose of this study was to assess
the effect of Salivary Alkaline Phosphatase (S-ALP) levels
on dental caries, and the correlation between S-ALP
and BMI to confirm its potential use as a diagnostic dual
biomarker for both diseases.

Materials and Methods
Study design

The study is an observational cross-sectional study
that assessed the correlation between S-ALP and both
dental caries and the BMI of children.

Ethical approval

This study was accomplished in accordance with
ethical guidelines in research with human participants.
The study received approval from the Research Ethics
Committee at the Faculty of Dentistry, Cairo University.
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Study setting and location

The study was held at the diagnosis clinic of Pediatric
Dentistry and Dental Public Health Department, Faculty
of Dentistry, Cairo University.

Study population

Thirty children, aged 6 to 8 years, visiting the
outpatient diagnostic clinic at the Pediatric Dentistry
and Dental Public Health Department, Faculty of
Dentistry, Cairo University, were selected for this study.
The department’s staff members screened the patients
and referred them to the principal investigator to ensure
they met the eligibility criteria.

Eligibility criteria

Inclusion criteria:

1. Children between the ages of 6 and 8-years-old.
2. Children who can cooperate.

Exclusion criteria:

1. Children with any systemic or mental health
conditions.

2. Children whose parents do not provide signed
informed consent.

3. Children who are unwilling to participate.

Sample size determination

This power analysis used correlation between ALP
and DMF as the primary outcome. As per the results of
[10], the correlation coefficient (r) was 0.5678. Using
alpha (a) level of (5%), B level of 0.8 (Power = 80%);
the minimum sample size required was 21 subjects.
This sample size determination was conducted using
G"Power version 3.1.9.2.

Informed consent

The purpose of the study, along with a detailed
description of the procedures and potential adverse
events, was explained to the parents in straightforward
terms. Participants were given the opportunity to
ask questions about the study and decide whether to
participate. Informed consent was signed by the parent
or legal guardian, and verbal assent was obtained from
each child participating in the study.

PO elements
P: Population:

Children with different growth rates, according to
the Center for Disease Control and Prevention (CDC)
growth charts.

O: Outcomes:

The primary outcome was S-ALP levels measured
by spectrophotometry in U/L [11] while the secondary
outcomes were caries experience measured by DMFT
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and deft for mixed dentition, and dmft for primary
dentition [12,13] in scores, and the caries severity
measured by ICDAS Il [14] in scores.

Methodology
Evaluation of BMI:

Standard protocols for determining height and
weight were followed: The height was measured using
a tape measure secured to a wall, with the participant’s
head held in a fixed position [15] (Figure 1). Height was
measured to the nearest 0.1 m. A Beurer digital scale
was used to measure weight, with participants dressed
in clothes but not wearing shoes. The measurement
was recorded to the nearest 0.5 kg [16]. For each
participant, the BMI was determined by dividing the
weight in kilograms by the height in meters squared.,
then compared to CDC Growth Charts [17] (Figure 2a
and Figure 2b). The BMI-for-age percentiles for each
gender were calculated using “PediTools” Electronic
Growth Chart Calculator (Figure 3), followed by the
determination of the Weight Status Category. Children
were then divided into three categories:

Underweight: < 5t percentile
Normal weight: from 5 to < 85" percentile
Overweight: from 85 to < 95 percentile

Saliva collection:

Figure 1: Measurement of the child’s height using a tape
measure.
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Figure 2: CDC growth charts. (a) CDC growth chart for girls; (b) CDC growth chart for boys.
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PediTools

Figure 3: PediTools electronic growth chart calculator.

Figure 4: Saliva collection using the spitting method in a sterile disposable container.

The participants were asked to follow these
guidelines to improve the standardization of data
collection: Children were instructed to refrain from
eating or drinking for at least one hour before saliva
collection. Then they were asked to rinse their mouth

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168

well with water for 1 min. Five minutes after this oral
rinse, participants were instructed to passively drool
the saliva into the sterile labelled disposable containers
(Figure 4) [10]. Two milliliters of unstimulated saliva
were obtained from each participant [18].
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Laboratory work: Following the saliva collection at
the clinic, the samples were kept in a cooler and delivered
to the laboratory within two hours to be processed [19]
(Figure 5). To remove any unwanted particles, the saliva
was centrifuged at 3000 rpm for ten minutes [20] (Figure
6a and Figure 6b), and then the samples were stored in
the freezer at -20 degrees Celsius [21].

At the start of the analysis, the samples were
removed from the freezer, thawed, remixed, and then

assayed on the Chemistry analyzer according to the
calibration curve. The S-ALP levels were determined
spectrophotometrically [11] on MINDRAY BS-200
Autoanalyzerl (Figure 7) using Archem Kit for ALP2
(Figure 8). The ALP activity level (U/L) was determined
using the Kinetic method. In this process, ALP catalyzes
the conversion of 4-nitrophenyl phosphate into
4-nitrophenol, resulting in a yellow color. The activity of
ALP was then measured by detecting light absorption at
405 nm with a spectrophotometer [22].

Figure 5: Saliva samples transported to the laboratory.

a)

Figure 6: Centrifugation of saliva samples. a) Centrifuge containing saliva samples; b) Sample after centrifugation.

b)
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Figure 7: MINDRAY BS-200 Autoanalyzer.

Figure 8: Archem Kit for ALP.

Evaluation of dental caries experience: The dental
caries experience of all patients was recorded using a
mouth mirror and dental explorer no. 5 by one examiner
only using the DMFT index for permanent teeth and
deft indices for primary teeth in mixed dentition., and
dmft for children with primary dentition only (Figure 9).

The diagnostic chartincluded the following sections:

e Demographic data (Participant’s name, age and
sex).

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168

¢ Anthropometric data (Weight, height and BMI).
e Caries experience index by DMF, def and dmf.
e Caries severity index by ICDAS.

Evaluation of caries severity: Caries severity was
assessed using the ICDAS Il criteria (Table 1). Before the
examinations, an air syringe was used to dry the teeth
for 5 seconds. The examination was done by a dental
explorer and a mouth mirror under the dental unit light.
Each tooth was air-dried, examined, and given a score.
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Figure 9: Intraoral examination to determine caries experience.

(9)

Figure 10: Clinical pictures of different ICDAS Il scores. (a) Score 0; (b) Score 1; (C) Score 2; (d) Score 3; (e) Score 4; (f)
Score 5; (g) Score 6.

Table 1: ICDAS Il criteria.

ICDAS Description

ICDAS 0 Sound tooth surface: no evidence of caries after prolonged air drying.

ICDAS 1 First visual change in enamel: Opacity or discoloration (white or brown) is visible after prolonged air drying.
ICDAS 2 Distinct visual change in enamel: Opacity or discoloration visible on a wet tooth surface.

ICDAS 3 Localized enamel break-down due to caries with no visible dentine or underlying shadow.

ICDAS 4 Underlying dark shadow from dentine with or without localized enamel breakdown.

ICDAS 5 Distinct cavity with visible dentine.

ICDAS 6 Extensive distinct cavity with visible dentine and more than half of the surface involved.

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168 ePage 7 of 15
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The scores were recorded according to the following
criteria: (Figure 10a, Figure 10b, Figure 10c, Figure 10d,
Figure 10e, Figure 10f and Figure 10g).

Data and sources management

After data collection using a diagnostic chart, the
information was entered into an Excel sheet for easier
manipulation. The data was stored on the investigator’s
personal computer, which is password-protected, and
backed up on Google Drive and in hard copy.

Statistical analysis

The mean value and standard deviation were
computed for every group and test. The normality of
data was evaluated by the Kolmogorov-Smirnov and
Shapiro-Wilk tests. Age and BMI followed a parametric
(normal) distribution, whereas the remaining data
(scores) demonstrated a non-parametric (non-normal)
distribution. Concerning non-normal data, the Kruskal-
Wallis test was employed to compare multiple groups
within unrelated samples, and the Mann-Whitney
test was utilized to compare two groups in unrelated
samples. Categorical data were analysed using the
chi-square test. Correlation analysis was performed
using the Spearman correlation test to determine the
relationships between different parameters. The level
of significance was established at P < 0.05. Statistical
evaluation was conducted with IBM® SPSS® Statistics
Version 20 for Windows.

Results

Demographic data

This study included 30 children, 16 males (53.3%)
and 14 females (46.7%). The mean age of the children
was 6.83 + 0.88. Out of the 30 children, 9 were 8-years-
old, 6 were 7-years-old, and 15 were 6-years-old (p =
0.715, p > 0.05). The demographic data is presented in
Table 2, Figure 11 and Figure 12.

Anthropometric measures

Out of a total of 30 patients, the mean BMI value was
15.06 + 1.87, where 9 (30%) showed underweight, 17
(56.7%) showed normal weight while 4 (13.3%) showed
overweight (p = 0.014, p < 0.05), as presented in Table
3 and Figure 13.

Salivary alkaline phosphatase

Out of a total of 30 patients, the mean S-ALP value
was 8.35 + 7.46, as presented in Table 4.

Table 2: Demographic data of the participants.

Demographic data
Variables n/mean %ISD p-value
Age 6.83 0.88 -
Male 16 53.3%
Gender | Female 14 46.7% 0.715ns

Male

Figure 11: Pie chart representing gender distribution of the participants.

Female

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168
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Figure 12: Bar chart representing age distribution of the participants.

Table 4: Mean and standard deviation values of ALP in the

participants.
Variables n/mean %I/SD p-value
S-ALP 8.35 7.46 -

Table 5: Caries experience of the participants.

Caries Experience
Variables n/mean %ISD p-value
dmf 6.86 3.08 -
Def 6.39 3.51 -
DMF 1.96 2.10 -

follows: dmf: 6.86 * 3.08, def: 6.39 + 3.51, DMF: 1.96 +
2.10. This is presented in Table 5 and Figure 14.

Caries severity

Underweight Normal weight Overweight Regarding the caries severity, the mean ICDAS score
was 1.47 + 1.01. Score zero represented 416 (66.2%),
Score 1 represented 3 (0.5%), Score 2 represented
41 (6.5%), Score 3 represented 28 (4.5%), Score 4
represented 11 (1.8%), Score 5 represented 76 (12.1%)

Figure 13: Pie chart representing the distribution of
different growths.

Table 3: Anthropometric data of the participants. while Score 6 represented 53 (8.4%) (p < 0.001, p < 0.05)
Anthropometric data This is presented in Table 6 and Figure 15.
Variables n/mean  %/SD p-value Correlations
BMI 15.06 187 . Correlation between S-ALP and dmf: There was a
1 o,

Underweight |9 30% positive relationship between S-ALP and dmf, which
Growth  Normal weight 17 56.7%  0.014’ means that as S-ALP increases, dmf increases and vice
Overweight 4 13.3% versa, with a statistically significant difference (p =
0.031, p < 0.05). This is presented in Table 7 and Figure

Caries experience 16.
Out of total 30 patients, the mean scores were as Correlation between S-ALP and DMF/def: There was

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168 ePage 9of 15 e
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Figure 14: Bar chart representing the mean dmf, def and DMF scores of the participants.
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ICDAS total frequencies

Figure 15: Bar chart representing ICDAS total frequencies.

Score 3

Score 6

Score 4

Score 5

a positive relationship between S-ALP and DMF/def,
which means that as S-ALP increases, DMF/def increase
and vice versa, but with no statistically significant
difference (p = 0.512, p > 0.05). This is presented in
Table 8 and Figure 17.

Correlation between S-ALP and ICDAS: There was
a positive relationship between S-ALP and ICDAS,
indicating that as S-ALP increases, ICDAS increases

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168

and vice versa, but without a statistically significant
difference (p = 0.306, p > 0.05). This is presented in
Table 9 and Figure 18.

Correlation between S-ALP and BMI: There was a
positive correlation between S-ALP and BMI, indicating
that as BMI increases, S-ALP levels also increase, and vice
versa, but this was not statistically significant (p = 0.654,
p > 0.05) This is presented in Table 10 and Figure 19.

e Page 10 of 15
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Figure 16: Scatter plot representing correlation between S-ALP and dmf.

Table 6: Caries severity of the participants.

Variables n/mean | %/SD p-value
ICDAS mean score 1.47 1.01 -
Score Zero | 416 66.2%
Score 1 3 0.5%
ICDAS Score 2 41 6.5%
total Score 3 28 4.5%
frequencies  Score 4 11 1.8%
Score 5 76 12.1% .
<0.001
Score 6 53 8.4%

Table 7: Correlation between S-ALP and dmf scores.

Variables Spearman correlation
Correlation coefficient 0.800
S-ALP and dmf Sig. (2-tailed) 0.031

Table 8: Correlation between S-ALP and DMF/def scores.

Variables Spearman correlation
S-ALP and DMF/def Correlation coefficient | 0.144
Sig. (2-tailed) 0.512

Table 9: Correlation between S-ALP and ICDAS scores.

Variables Spearman correlation
Correlation coefficient 0.193
S-ALP and ICDAS Sig. (2-tailed) 0.306

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168

Table 10: Correlation between S-ALP and BMI.

‘ Variables Spearman correlation

‘ Correlation coefficient 0.085
‘ S-ALP and BMI Sig. (2-tailed) 0.654
Discussion

Urbanization and significant economic and industrial
development have accelerated changes in lifestyle and
dietary habits. These variations have had a notable
effect on well-being and nutrition, primarily through
increased carbohydrate consumption and reduced
physical exercise, especially among younger individuals
[23].

The complex composition of saliva, which includes
proteins, glycoproteins, mucins, and ions, plays a vital
role in preventing various oral diseases, including dental
caries [10]. Changes in ALP levels impact the phosphate
and calcium ionic concentration, which may disrupt
the balance between enamel demineralization and
remineralization, thus influencing the development of
dental caries [9].

Considering this perspective, the objective of this
study was to explore the relationship between S-ALP
levels and dental caries to validate its use as a diagnostic
biomarker. Additionally, the study aimed to determine
how children's BMI affects S-ALP enzyme levels.

In the present study, the suggested sample size was
21 subjects. Sample size calculation was performed

ePage 11 0f 15
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based upon the results of [10]. However, thirty subjects
were enrolled and participated in this study. Children
between the ages of six and eight were chosen for this
study, as they are especially prone to dental caries
during this developmental stage. This vulnerability is
linked to the eruption of their first permanent molars
around age six. At this age, children are more at risk
of tooth decay due to age-related challenges and
insufficient understanding of proper oral health and
hygiene practices [24].

Anthropometry was used to assess the growth of
children, as it provides non-invasive, quantitative body
measurements. According to the CDC, anthropometry
is an important tool for assessing nutritional well-being
in all ages [25]. The BMI was determined by using the
recorded height and weight, with the formula for BMI
being weight in kilograms divided by height in square
meters, since in the pediatric population, BMI allows
comparison between children of the same sex and age
[26]. The BMI-for-age percentiles for each gender were
calculated using the “PediTools” Electronic Growth Chart
Calculator since it provides more accurate calculations
down to the decimal [27].

Saliva was chosen as a diagnostic tool because
measuring salivary biomarkers is non-invasive, simple,
and cost-effective for diagnosing oral diseases [28].
While serum or urine samples are typically used for
diagnosing ALP levels, saliva offers a quicker, less invasive
alternative; it is affordable and causes no discomfort

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168

to the patient [29]. According to [30], unstimulated
saliva has a better diagnostic value than stimulated
saliva when searching for biomarkers. Therefore,
unstimulated saliva was utilized in this study. The ALP
levels were assessed using the colorimetric technique,
due to its various advantages, including affordability,
simplicity, and easy readout [31].

Inthe present study, the mean age of the participants
was 6.83 £ 0.88. The mean BMI was 15.06 + 1.87 which
was not in accordance with [16] where the mean BMI
was found to be 18.19 + 3.9. This may be attributed
to the wider range of the selected subjects’ age (3-
18 years-old) compared to this study’s age group (6-8
years-old).

The mean S-ALP value was 8.35 + 7.46, which was in
line with [32] who recorded an average ALP activity of
8.51. However, it was higher than [33] where the mean
ALP activity was found to be 5.11 U/L. This could be due
to the higher age of the participants (19-44 years-old)
since ALP levels are typically elevated during childhood
and puberty due to bone growth and development [34].

Regarding the caries experience, the mean dmf
score was 6.86 * 3.08, the average def score was 6.39
+ 3.51 and the mean DMF score was 1.96 + 2.10. The
caries experience was higher in primary teeth compared
to permanent teeth. Deciduous teeth are more prone
to caries because of their lower calcium content and
distinct structural characteristics [35].
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A positive correlation was found between S-ALP and
dmf, which was in line with [36] who found a positive
correlationbetweenS-ALP and nursing caries at statistically
high significant differences. This could be due to the fact
that increased S-ALP levels affect the ionic concentration
of calcium and phosphate, potentially disrupting the
balance of the remineralization and demineralization of
enamel. However, this was against [37] who reported a
non-significant inverse relationship between ALP and
experience of caries in primary dentition.

Regarding mixed dentition, there was also a positive
relationship between S-ALP and DMF/def. This wasin line
with [10] who reported a positive association between
S-ALP and dental caries in adults (DMF) and was also in
accordance with [38] who reported a positive correlation
between ALP and DMF. That was in contradiction to
the findings of [37] who reported an inverse relation
between ALP and caries experience in permanent teeth.
This could be due to variations in the methods used
for collecting salivary samples, whether stimulated or
unstimulated, the techniques employed for biochemical
analysis, and the age group of the samples.

Regarding caries severity, there was a positive
correlation between S-ALP and caries severity. This was
not in agreement with [33] who reported no association
between the level of ALP and the severity of dental
caries. This was also against [39] who found a weak,
non-significant negative correlation between ALP and
caries severity. The controversial results may be due to
different populations and study settings.

There was a positive correlation between BMI and
S-ALP. This is in line with [39] who found a positive
weak relation between BMI and ALP in the overweight
group and with [11] who reported higher levels of ALP in
obese children. This could be due to the fact the adipose
tissue is a source of serum ALP and the existence of ALP
in preadipocytes.

Limitations

1. The cross-sectional design of this study does not
infer causality.

2. A factor with a minor effect will necessitate a
larger sample size.

Conclusions

According to the results of the current study, the
following can be concluded:

The elevated levels of S-ALP present a promising
diagnostic marker for dental caries across both primary
and mixed dentition, offering valuable insights for early
detection and intervention. Moreover, high S-ALP levels
during the primary dentition phase may enable early
prediction of dental caries risk in permanent teeth,
paving the way for more proactive dental care and
preventive strategies. Additionally, the association of
high S-ALP levels with childhood obesity highlights its

Abdelrahman et al. Int J Oral Dent Health 2024, 10:168

broader relevance to pediatric health, suggesting that
monitoring S-ALP could offer insights into both oral and
overall well-being in children.

Recommendations

Based on the results of the present study, the
following could be recommended:

1. Early identification of childhood obesity and
dental caries should be performed by pediatric
dentists during routine examinations, so the
diseases can be prevented by using appropriate
preventive measures.

2. Oral health promotion and health education
programs should be implemented to highlight the
vital role of healthy nutrition in both oral health
and the overall well-being of children.

3. Further studies should be performed in different
areas and governorates of Egypt, with children at
different age groups and different socioeconomic
levels to generalize the study findings.
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