
INTRODUCTION

Nutritional status among children is one of the important issues that 
have been studied in relation to dental caries with controversial 
results1,2). On the other hand, Salivary alkaline phosphatase (AlP) had 
gotten great attention in dental studies3,4). AlP enzyme is produced by 
different cells like osteoblasts, and fibroblast within alveolar bone, leu-
kocytes and cells in salivary glands5). It is involved in the calcification 
of bone matrix and bone mineralization6). The role of alkaline phospha-
tase in the mineralization process of enamel has been recognized7). This 
study was directed to determine whether these two factors: Salivary 
alkaline phosphatase and dental caries will show a significant difference 
among children with different nutritional status. 

MATERIALS  AND  METHODS

This cross-sectional study included a group of 6-8 years old chil-
dren selected randomly from primary schools in Baghdad. The flow dia-
gram of study design is demonstrated in Figure 1. The sample was col-
lected before the pandemic covid-19. All of them were without history 
of systemic disease and without previous dental visit. Before examina-
tions, Informed consent was obtained from the parents.

Sample size calculation:
Using G power 3.1.9.7 "Program wri t ten by Franz-Faul , 

Universitatit Kiel, Germany" with power of study = 80%, alpha error of 
probability = 0.05, the statistical test is Multivariate Analysis Of 
Variance (MANOVA) and effect size of F is 0.25 (medium effect size) 
according to nutritional status with dental caries and saliva8,9), with 3 
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Figure 1: The study design flow diagram
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groups and 17 response variables, with all these conditions the sample 
size is 66 subjects. Then, 10% was added considering the dropout of the 
participants10). Thus, sample size is 73, so 82 subjects more than calcu-
lated by G power is enough for this study. Size of effect (F) are as fol-
low: "Small = 0.1, medium = 0.25, large = 0.4". Partial eta square Effect 
size are: small = 0.01-0.059, medium = 0.06-0.139, Large > = 0.1411-14). 

Oral examination:
Oral examination was conducted according to the criteria of WHO 

with recording of dental caries experience by DMFS for permanent 
teeth and dmfs for primary teeth15). Dental caries severity was recorded 
according to the following criteria16) to take the account of d1-4 for 
deciduous teeth and D1-4 for permanent teeth. 

"The criteria for recoding dental caries severity:

● Grade 1: Smooth surface: white/ opaque or brownish lesion in 
enamel only, including slight loss of the surfaces, appears smooth, 
hard, and glossy; the lesion is most often separated from the gin-
gival margin.

● Occlusal surfaces: dark fissures or pits which are hard on prob-
ing; the lesion appears to be confined to the enamel where there is 
extrinsic discoloration only, then recorded as sound. 

● Proximal surfaces: clinically visible, whitish/ brown lesion 
where no obvious cavity can be probed; where a proximal surface 
are not in contact with the neighboring tooth, then the same crite-
ria as for smooth surfaces are applied.

● Grade 2: Smooth surfaces: enamel lesion (white/ opaque or 
brownish/ dark in color) including slight loss of surface, but with-
out suspected dentinal involvement; the surface is rough or soft-
ened and dull.

● Occlusal surfaces: fissures and pits with distinct sticking on 
probing indicative of ongoing caries activity without evidence of 
dentinal involvement. A proximal surfaces: recording of dark 
enamel lesion, catching on probing, but no evidence of dentinal 
involvement.

● Grade 3: Coronal caries: involving the dentin, but pulpal 
involvement is not suspected.

● Grade 4: Coronal caries: with possible or definite pulpal involve-
ment. 

Nutritional status and salivary analysis:
According to Centers for Disease Control and Prevention (CDC) 

Growth Charts, nutritional status was classified into three groups (nor-
mal weight, overweight, obese). Unstimulated salivary samples were 
collected from the children according to the method described in previ-
ous study17). Saliva was collected for the laboratory analysis to deter-
mine the salivary AlP activity spectrophotometrically using the kit of 
Human Company, Germany and according to the recommendation of 
the German Clinical Chemistry Association18). 

Figure 2: Effect of nutritional status on both caries experience of primary teeth and salivary AlP using MANOVA.

Figure 3: Effect of nutritional status on both caries severity of primary teeth and salivary AlP using MANOVA
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Statistical analysis:
Means, standard error (SE), and Multivariate Analysis Of Variance 

(MANOVA) were used for data analysis in SPSS version 23 with level 
of significance less than 0.05 (p < 0.05). MANOVA was used to com-
pare whether the created combination differs by the different groups. 

RESULTS

The results revealed mean values of dmfs for the total children (82) 
which was 12.829 ± 1.028 while the mean values of DMFS was 0.803 ± 
0.181. Salivary AlP for the total sample was 1.343 ± 0.173 in U/L. The 
percentage of children with normal weight was 50% (41) while the per-
centage with overweight was 18.3% (15) and the obese was 31.7% (26).

 The effect of nutritional status on both caries experience of primary 
teeth and salivary AlP using MANOVA revealed lower level in caries 
experience of deciduous teeth (dmfs) in overweight children and higher 
level of AlP in obese children with non-significant difference (F = 
1.134, P = 0.343) as shown in Figure 2.

Additionally, studying the effect of nutritional status on both caries 
severity of primary teeth and salivary AlP by using MANOVA showed 
that the overweight children had the highest level of the simplest stage 
of dental caries severity (d1: which is characterized by initial enamel 
caries) and the lowest level of the most severe stage of dental caries 
severity (d4: which is characterized by pulp involvement), without inter-
action with the effect of AlP with non-significant differences as shown 
in Figure 3.

For the permanent teeth, the effect of nutritional status on both caries 
experience and salivary AlP disclosed lower level in dental caries experi-

ence (DMFS) and higher salivary AlP in obese children although with 
non-significant difference (F = 0.46, P = 0.765) as shown in Figure 4. 

Furthermore, reviewing the effect of nutritional status on both caries 
severity and salivary AlP clarified that the obese children had the high-
est level of the simplest stage of caries severity (D1). On the other hand, 
the highest level of the severe form of dental caries severity (D3: caries 
that involves the dentin) was observed in normal weight children, with-
out interaction with the effect of AlP and non-significant difference as 
revealed in Table 1. Number of children in Table 1 was 71 as not all the 
participants had permanent teeth.

DISCUSSION 

Dental caries remains a worldwide dental concern, affecting all 
ages, especially young children. This study was conducted at primary 
schools children to search for risk factors like obesity and its influence 
on selected salivary marker and dental caries among children. 

In the current study, the percentage of children with obesity was 
31.7% which is relatively higher than that reported in another Iraqi stud-
ies19,20). Differences in sample size, age group and socioeconomic level 
could explain this disagreement.

No significant differences were reported in the dental caries experi-
ence and severity of primary and permanent teeth among the three 
groups of children. Besides, in another Iraqi study, there was a signifi-
cant correlation between caries and weight in school age children8). 
While in a previous systematic review for articles between 1980 and 
2010 talking childhood caries and obesity, they concluded no significant 
associations between these variables in deciduous and permanent denti-
tions21). The risk of this factor on dental caries could appear later on the 

Figure 4: Effect of nutritional status on both caries experience of permanent teeth and salivary AlP using MANOVA.

Table 1: Effect of nutritional status on both caries severity of permanent teeth and salivary AlP using 
MANOVA.

 Nutritional status

 Normal weight Overweight Obese F P
 N = 36 N = 12 N = 23  

  Mean ± SE Mean ± SE Mean ± SE 

 D1 0.556 0.160 0.083 0.278 0.652 0.201 1.186 0.320

 AlP 1.071 0.232 1.409 0.401 1.552 0.290  

 D2 0.583 0.235 0.833 0.408 0.652 0.294 0.514 0.726

 AlP 1.071 0.232 1.409 0.401 1.552 0.290  

 D3 0.167 0.053 0.000 0.093 0.000 0.067 1.502 0.205

 AlP 1.071 0.232 1.409 0.401 1.552 0.290  

 D4 0.000 0.000 0.000 0.000 0.000 0.000 0.975 0.382

 AlP 1.071 0.230 1.469 0.383 1.552 0.288  
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adulthood. Other factors like socioeconomic level, gender and genetics 
could be significant moderators.

The current study also revealed higher level of AlP in obese chil-
dren with non-significant difference. In another study, saliva could pro-
vide a non-invasive prognostic indicator in the occurrence of obesity9). 
The correlation between salivary alkaline phosphatase enzyme and car-
ies in children with different nutritional status was not studied previous-
ly and many studies are needed to confirm or to compare with the cur-
rent study. However, no correlation between salivary AlP and caries in 
healthy children was revealed in previous studies3,22). In another study, 
salivary AlP level have an effect in causing dental caries in children23). 
These differences in the results among studies could be related to the 
differences in saliva collection methods, biochemical analysis and sam-
ple age group. 

On conclusion, further studies are necessary to understand the 
essential mechanism of salivary biomarkers in overweight and obese 
children and the relation with different oral diseases. 
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