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Abstract
BACKGROUND: Iron plays an essential role in the process of neurotransmitter synthesis and neuron myelination. 
Iron deficiency impacts low cognitive performance, even involved in long-term effects even though iron deficiency 
has been overcome. Given the impact caused by iron deficiency, it is necessary to monitor the status of iron in the 
body. Diagnostic tests carried out so far use blood specimens taken with invasive method. This creates fear for the 
child because of the pain it causes.

AIM: This study aims to obtain a non-invasive alternative diagnostic test in detecting iron deficiency in children using 
saliva as an examination specimen.

METHODS: The design of this study was case control, with a sample of elementary school children aged 9–12 years 
and for women who had not experienced menstruation. The sample consisted of 40 people who were taken randomly 
and grouped into iron deficiency and normal. Determine the group of iron deficiency and normal was based on the 
results of an examination of serum iron levels. Next, saliva samples were taken to determine saliva iron levels. The 
characteristics of the sample data were obtained through a questionnaire, while the measurement of serum iron 
levels was carried out by the spectrophotometric method, and the measurement of saliva iron levels was carried out 
by the ELISA method. Data were analyzed using Spearman’s test.

RESULTS: Based on serum iron measurements, it was found that the mean serum iron levels in children with iron 
deficiency were lower than normal children (38.153 ± 8.99 q/dL vs. 79.198 ± 14.2219 q/dL), on the contrary, on 
examination of iron levels, it was found that in children with iron deficiency, saliva iron levels were higher than in 
normal children (5.745 ± 3.04 q/dL vs. 2,576 ± 1.43 q/dL). The correlation test results showed a significant negative 
correlation between serum iron levels and moderate iron levels (p = 0.000, r = –0.518).

CONCLUSION: Saliva iron levels can be used as an alternative non-invasive diagnostic test to assess children’s 
iron status.
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Background

Iron is an essential microelement for the 
body and plays an important role in forming red blood 
cells and the growth and development of children. In 
addition, iron also plays a role in cognitive function 
by synthesizing neurotransmitters and myelination 
of neurons [1]. In adults, less than 5% of the iron 
requirement for erythropoiesis is obtained from food, 
while in children, the iron needed for erythropoiesis is 
obtained by 30% from food. If iron needs are not met, 
then the child will experience iron deficiency. Untreated 
iron deficiency will progress to iron deficiency anemia 
(IDA). Iron deficiency and IDA are public health problems 
in both developed and developing countries. Iron 
deficiency affects approximately two-thirds of children 
and adolescents, and it is estimated that around 25% 
of preschool children suffer from IDA [2]. In Indonesia, 
one in four children of primary school age suffers from 
iron deficiency [3].

Iron deficiency can cause interference or 
inhibition of growth, both body cells and brain cells. 
Children with iron deficiency tire more easily, play 
less, and are more indecisive than healthy children [4]. 
Iron deficiency that has progressed to IDA can cause 
impaired mental and motor function, and these effects 
may be permanent. Several studies have stated that iron 
deficiency reduces the expression of dopamine receptors, 
interferes with myelination, or interferes with the function 
of various enzymes involved in nervous tissue [5], [6], [7].

Given the impact caused by iron deficiency, it is 
necessary to monitor the status of iron in the body. The 
iron status in the body can be determined biochemically 
using various parameters, including blood hemoglobin 
levels, hematocrit levels, and ferritin in serum. Each 
parameter can describe changes in the composition 
of iron in the body. Ferritin is an iron storage protein 
which is a relatively more accurate estimator of iron 
stores. Serum ferritin is an indicator of the level of iron 
stores in the body. Examination of serum ferritin levels 
is done to determine the diagnosis of iron deficiency 
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because serum ferritin levels, as the earliest indicator, 
decrease when iron stores decrease [8]. However, this 
examination is an invasive test, which requires blood 
to detect the iron status. Examination with this method 
is quite scary for school-aged children because of the 
pain it causes. This study aims to obtain a non-invasive 
alternative diagnostic test in detecting iron deficiency in 
children using saliva as an examination specimen.

Methods

The design of this study was case control, 
with a sample of elementary schoolchildren aged 
9–12 years and for women who had not experienced 
menstruation. The sample consisted of 40 children who 
were taken randomly and grouped into iron deficiency 
and normal. Determine the group of iron deficiency and 
normal based on the results of an examination of serum 
iron levels. Next, both groups were then taken saliva 
specimens to determine saliva iron levels. Saliva was 
taken at 9.00–11.00 AM West Indonesian time. During 
the saliva collection process, the sample was instructed 
not to eat and drink 1 h before the saliva collection to 
minimize food debris and saliva stimulation. The saliva 
collection was carried out for 5 min by the spitting 
method, namely, by allowing the saliva to collect in the 
oral cavity, and every minute the collected saliva was 
removed into a funnel and allowed to flow into a sterile 
saliva pot. The characteristics of the sample data were 
obtained through a questionnaire. At the same time, the 
measurement of serum iron levels was carried out by 
the spectrophotometric method, and the measurement 
of saliva iron levels was carried out by the ELISA 
method (Cat. No. E-EL-H0168) using the ELISA kit from 
Elabscience. Data were analyzed using SPSS 26 using 
Spearman’s test.

Ethical approval

This research has received ethical approval 
from the Ethics Commission of the Faculty of Public 
Health, Sriwijaya University, No.154/UN9.FKM/
TU.KKE/2021.

Results

Based on the data on the characteristics of 
children (Table 1), it was found that 55% of children 
aged > 10–12 years and 60% were female. Data on 
parental characteristics show that most parents have 
low education and work as farmers, and 67.5% of 
parents have low economic status (Table 1).

The results of the examination of serum iron 
levels (Table 2) showed that the mean serum iron 
levels in children with iron deficiency were lower than 
children with normal serum iron levels (38.153 ± 8.99 q/
dL vs. 79.198 ± 14.2219 q/dL). Likewise, the results of 
the measurement of saliva iron (Table 3) showed that 
children with iron deficiency had lower saliva iron levels 
than normal children (5.745 ± 3.04 vs. 2.576 ± 1.43).
Table 2: Average serum iron levels in elementary schoolchildren
Iron status n Serum iron level

Mean ± SD (µq/dL)
p-value

Iron deficiency 20 38.153 ± 8.99 0.000
Normal 20 79.198 ± 14.22

The correlation test results (Table 4) showed a 
significant negative correlation with a moderate degree 
of closeness between serum iron levels and saliva iron 
levels in children.
Table 3: Average saliva iron levels in elementary schoolchildren
Iron status n Saliva iron level

Mean ± SD (µq/dL)
p-value

Iron deficiency 20 5.745 ± 3.04 0.000
Normal 20 2.576 ± 1.43

Discussion

This study indicates that the mean serum 
iron level is lower in children with iron deficiency. 
Iron deficiency in children can occur due to a lack 
of iron intake or low iron availability in the diet. The 
availability of food influences the lack of iron intake 
in children. The family’s economic status determines 
the availability of food in the household, while the 
education and occupation of parents play a role in the 
family’s economic status. Characteristic data in this 
study indicate that most parents have low education 

Table 1: Frequency distribution of elementary schoolchildren 
in Tuah Negeri district
Frequency distribution n %
Age (years)

9–10 18 45
>10–12 22 55

Gender
Male 16 40
Female 24 60

Mother’s education
Low 25 62.5
High 15 37.5

Mother’s Job
Farmer 24 60
Unemployed 16 40

Father’s education
Low 26 65
High 14 35

Father’s job
Farmer 34 85
Private employees 6 15

Economic status
Low 27 67.5
High 13 23.5

Table 4: Correlation between serum iron levels and saliva iron 
levels in elementary schoolchildren
Iron level n Mean ± SD (µq/dL) r p-value
Serum iron 40 62.572 ± 23.778 –0.518 0.000
Saliva iron 40 4.161 ± 2.84
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and work as farmers, and 67.5% of parents have low 
economic status. This condition contributes to low iron 
intake in children.

Low iron intake in an inadequate diet can 
cause reduced iron reserve so that the erythropoiesis 
process will decrease, impacting decreasing 
hemoglobin levels. Iron is an essential microelement 
for the body, which is needed to form blood cells, 
namely, to synthesize hemoglobin [9]. Serum iron 
levels indicate the availability of body iron because 
protein binds to iron reserves in the body. Serum iron 
has a high specificity for diagnosing iron deficiency, 
especially when combined with other markers such 
as hemoglobin [10]. Iron deficiency accompanied by 
a decrease in hemoglobin levels impacts IDA because 
the imperfect formation of hemoglobin causes red 
blood cell size smaller (microcytic) and contains less 
hemoglobin (hypochromic).

The examination of saliva iron levels in this 
study showed that children with iron deficiency had 
higher saliva iron levels than normal children. The 
results of this study are in line with studies conducted by 
Jagannathan et al. and Mishra et al. who found that saliva 
iron levels were higher in iron-deficient children than in 
normal children. However, in the measurement of serum 
iron, iron levels were lower in iron-deficient children than 
in normal children [11], [12]. Increased saliva iron levels 
in iron deficiency are still debated. It is suspected that 
the increase occurred to maintain enzymatic function 
in saliva, which depends on the availability of iron. In 
addition, the ability of saliva to bind iron also has an 
impact on increasing iron in saliva. When iron in the 
body drops, the body will maintain high iron in the saliva 
so that enzymatic functions, which are highly dependent 
on iron availability, continue to run [13].

The results of the correlation test showed a 
negative correlation between serum iron levels and 
saliva iron levels. The results of this study are similar to 
those of Canatan and Akdeniz’s study, which reported 
a significant relationship between serum and saliva 
iron levels [14] Likewise, the results of Gawaly and 
Alghazaly’s study stated that there was a negative and 
significant correlation between serum and saliva iron 
levels. This shows that saliva iron can be used as a 
marker of iron deficiency. According to Jagannathan 
et al., changes in saliva iron occur even before changes 

in serum iron [11], [15]. Saliva iron has the same 
sensitivity level as serum iron [16].

Conclusion

There is a significant negative correlation 
between saliva iron levels and serum iron levels. Saliva 
iron levels can be used as an alternative non-invasive 
diagnostic test in assessing iron status in children.
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