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Abstract

Background: Iron deficiency anemia is a prevalent form of anemia, particularly among women. Diagnosing and tracking this
condition typically requires various measurements of serum iron, ferritin, and total iron-binding capacity (TIBC) through blood
testing.

Objectives: This study aims to evaluate the utility of saliva as a predictive marker for monitoring iron levels in iron deficiency
anemia by comparing and correlating iron, ferritin, and TIBC levels in the serum and saliva of anemic and healthy women.
Methods: In this comparative analysis, 40 women aged 20 - 40 with a similar periodontal status (anemic subjects = 20 and
healthy subjects = 20) were examined. After a complete hematological and oral examination, salivary samples were collected
using the spitting method, and iron, ferritin, and TIBC levels were measured and compared to the serum levels. Data were
analyzed using SPSS 24.

Results: The study results showed that the differences in saliva iron and ferritin levels were insignificant between the two
groups (P-value = 0.07 and 0.26, respectively), but those were statistically significant in the serum (P-value = 0.0001 and 0.0001,
respectively). Additionally, a significant difference was found in the saliva TIBC level (P-value = 0.001), which was negligible in
the serum (P-value = 0.118).

Conclusions: The results underscore the efficacy of integrating both serum and saliva analyses for comprehending iron-related
parameters. While saliva analysis cannot entirely substitute for serum analysis, it represents a convenient approach that may
serve as an initial step or be employed in large-scale anemia screenings.
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1. Background

Anemia arising from iron deficiency stands as one of
the most pervasive health disorders, significantly
contributing to global disability, particularly among
women, where it ranks as the primary cause. The World
Health Organization (WHO) estimates that two billion
individuals worldwide suffer from anemia, with iron
deficiency accounting for half of these cases (1-4).
Approximately 40% of pregnant women and 30% of non-
pregnant women are affected by iron deficiency,

underscoring the gravity of the issue (1, 5, 6). Iron, a
fundamental trace element, plays a pivotal role in vital
cellular processes, including energy acquisition and
oxygen transport. Recognizing the magnitude of this
health concern, it becomes imperative to address and
act upon the enduring prevalence of anemia across
diverse regions globally (6-8).

In iron deficiency anemia, serum iron levels typically
decrease due to inadequate dietary intake, poor
absorption, or chronic blood loss. This leads to a
significant drop in serum ferritin levels, indicating
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depleted iron reserves (9, 10). However, ferritin levels
can also be affected by inflammation, as it is an acute-
phase reactant (11, 12). Total iron-binding capacity (TIBC)
measures the capacity of serum proteins to bind iron. In
iron deficiency anemia, TIBC often increases as the body
attempts to capture more iron from dietary sources or
internal stores (13, 14).

The concentration of iron in saliva is generally lower
than in serum, but it can still reflect the body's iron
levels to some extent (15). Changes in salivary iron levels
during anemia are not as well-studied as those in serum
and are less pronounced. Salivary ferritin levels are
usually very low and are not as reliable as a direct
marker of body iron stores compared to serum ferritin.
However, recent studies have investigated its potential
use in non-invasive diagnostics (4, 16-20). Salivary TIBC is
an area of emerging research (21-24). Some studies
suggest that salivary TIBC might be correlated with the
body's iron-binding capacity (21-23), but the
mechanisms and reliability are not yet fully understood.

The diagnosis of anemia can be challenging due to its
nonspecific symptoms (4, 16). Currently, diagnosis
requires multiple assessments of iron and ferritin levels,
including a comprehensive blood cell count (CBC),
peripheral smear, iron indices, and bone marrow iron
microscopy. Unfortunately, this method necessitates the
invasive extraction of venous blood, which entails
practical and psychological complexities and poses a
substantial risk of contamination. These impediments
may prevent healthcare professionals from achieving
early diagnoses and implementing timely treatments.
In response to these challenges, recent initiatives have
sought to replace blood-centric investigations with
alternative biological samples that do not have such
drawbacks (16-20, 25-27).

In previous studies, Ishikawa observed that in
healthy adults in Japan, urine ferritin levels were 5% of
the corresponding serum ferritin levels, showing a
correlation coefficient of 0.79 (25, 26). Skalny et al. (27)
analyzed the potential of laser-induced breakdown
spectroscopy (LIBS) for trace minerals in biosamples in a
recently published review article. They found that LIBS
can be used to trace iron and other minerals in teeth,
bones, nails, and hair samples (27). In 2024, Prakobdi et
al. successfully developed a novel, non-invasive saliva-
based diagnostic approach for iron deficiency anemia
screening using a nitrocellulose lateral flow system and
ferroin reaction (28).

Saliva has been suggested as a potential diagnostic
tool for detecting iron deficiency in some studies (4, 16-

20). Saliva, a biofluid originating from the vasculature
that nourishes the salivary glands, reflects changes in

serum composition during disease processes. Evidence
suggests that certain drugs, such as deferiprone, exhibit
comparable pharmacokinetic profiles in both serum
and saliva (29). This revelation underscores the potential
of saliva as an alternative diagnostic tool for monitoring
various diseases, offering advantages such as ease of
collection, cost-effectiveness, and procedural simplicity
(3, 18-20, 30). While there are numerous studies on the
utility of saliva as a diagnostic measure for anemia in
children (18, 30-32), there is a conspicuous absence of
studies for adults. This raises questions about the
possibility of using this biosample as a diagnostic tool
in adults and its procedure.

2. Objectives

This study aimed to ascertain the viability of saliva as
a predictive marker for monitoring iron levels in iron
deficiency anemia. This involved a comprehensive
examination, comparison, and correlation of iron,
ferritin, and TIBC levels in the serum and saliva of both
iron-deficient anemic and healthy adult individuals.

3. Methods

3.1. Ethical Approval

This study resulted from two projects both of which
were registered and approved by the ethical committee
under the ethical codes of IR.JAU.DENTAL.REC.1398.024
and IR.JAU.DENTAL.REC.1398.025.

3.2.Sample Size

In this comparative analysis study, 40 women were
analyzed. The sample size was calculated as 20 for each
group based on Kodati’s study (18), using SPSS software
with a 95% confidence interval and 80% test power.

3.3. Study Population

Forty women aged 20 to 40 were selected using a
purposeful sampling method and divided into two
groups: (1) anemic and (2) healthy (control). Since
periodontal problems can alter saliva composition and
affect serum ferritin levels, all subjects were examined
before sampling using a periodontal probe and
evaluating clinical attachment level (CAL). Only those
with the same periodontal status were selected.

3.4. Eligibility Criteria

The anemic group included 20 women with iron-
deficiency anemia recently diagnosed by a hematologist
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using CBC, serum iron test, and TIBC. All the subjects
had serum ferritin levels of less than 25 ng/mL. They had
no history of other systemic disorders and were not
taking any systemic drug therapy. The control group
consisted of 20 women with the same periodontal
status as the anemic subjects, no history of systemic
diseases, and normal blood tests. Subjects with
hemoglobinopathies, infections, sickle cell anemia,
thalassemia, transfusions, or those who were pregnant,
on a special diet, in their menstruation or menopause
period, taking any medications, or showing any
abnormalities in blood components were excluded
from the study (31-33).

3.5. Study Procedures

After explaining the procedure to the participants
and obtaining informed consent, non-stimulated saliva
samples were collected using the spitting method
between 9 - 11 am (18). Subjects had not eaten, drank, or
brushed their teeth for at least two hours before the
saliva collection. Following the standard method of
saliva sampling, subjects sat, and three milliliters (mL)
of their saliva were collected in Falcon tubes (Maxwell
Inc.; Malaysia) over 30 minutes. These samples were
transferred to the laboratory within two hours. They
were then centrifuged at 4000 rpm for 10 minutes and
stored at -8°C (34). The saliva samples' iron, ferritin, and
TIBC levels were evaluated using a chemistry analyzer
(Mindray BS-380; China) (Figure 1).

3.6. Data Analysis

All data were transferred to SPSS 24 software. The
normality distribution of the data was analyzed using
the Kolmogorov-Smirnov test. A T-test was used to
compare iron, ferritin, and TIBC levels in the serum and
saliva of the two groups. Pearson's correlation test was
used to investigate the relationship between iron,
ferritin, and TIBC values in serum and saliva in both the
control and anemic groups. The level of significance was
setat 0.05.

4.Results

In the present study, an analysis of the saliva and
serum components of 40 female subjects was
conducted, focusing on iron, ferritin, and TIBC levels.
The results are summarized in Table 1, which presents
the minimum, maximum, and mean * SD values for the
two groups under investigation. The chi-square test
revealed no statistically significant difference in the
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ages of the subjects between the two groups (P-value =
0.33) (Table 1).

Examining the iron and ferritin levels in saliva, no
significant difference was observed between the anemic
and healthy groups (P-value = 0.07 and 0.26,
respectively). However, an independent T-test
demonstrated a substantial difference in TIBC levels in
saliva between the two groups (P-value = 0.001) (Table 2
and Figure 2).

Evaluating the serum components in both anemic
and healthy subjects revealed a statistically significant
difference between the groups in terms of iron and
ferritin levels (P-value = 0.0001 for both). Interestingly,
the comparison of TIBC levels in serum showed no
statistically significant difference between the two
groups (P-value = 0.118) (Table 3 and Figure 2).

These findings wunderscore the importance of
examining both saliva and serum components when
assessing iron status. While certain parameters, such as
iron and ferritin levels, exhibit noteworthy distinctions
in serum between anemic and healthy individuals, the
TIBC levels in saliva emerge as a potentially distinctive
marker. This dual-modal analysis provides a
comprehensive understanding of the nuanced
variations in iron-related parameters, contributing
valuable insights to the diagnostic landscape of iron
deficiency anemia.

5. Discussion

Many women in their reproductive age face the
difficulties of iron deficiency and iron deficiency
anemia. This condition can lead to numerous negative
health outcomes that affect both their physical and
emotional well-being (35). Thus, accurate diagnosis and
appropriate treatment are crucial to prevent
complications (36).

The primary method for diagnosing anemia is
evaluating serum ferritin and iron levels, considered the
gold standard test (19). Nevertheless, this approach has
certain drawbacks. It requires the collection of blood
samples through invasive venous blood extraction,
which involves inserting a needle into a vein, causing
discomfort and posing a risk of infection or
contamination (16-20).

Saliva is widely recognized as a biological diagnostic
fluid, appreciated for its uncomplicated, non-invasive,
and user-friendly sample collection method, along with
its relatively affordable nature (37). Previous studies
have shown a correlation between serum and saliva iron
levels in both iron-deficient and iron-overloaded
groups. Mishra et al. (38) and Canatan and Akdeniz (32)
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Figure 1. The schematic of the methodology

Table 1. The Anemic and Control Groups' Min, Max, and Mean Age

Groups Sample Size Minimum - Maximum Mean +SD P-Value
Age 033*
Anemic 20 20-40 30.40 £ 6.36
Control 20 20-38 27.75%5.27

2 Chi-square test.

found a strong correlation between serum and saliva
iron levels. Jazaeri et al. (21) indicated that saliva can be
used as a diagnostic tool for iron deficiency anemia
since it is linked to serum iron levels.

Consistent with these previous studies, our research
highlighted that the mean levels of iron and ferritin in
the saliva of the anemic group were lower than those in
the control group, which aligns with the results
obtained from the serum analysis (Tables 2 and 3).
However, unlike the studies conducted previously, our
findings showed that this disparity was not statistically
significant. The results also showed a statistically
significant difference between the two groups
regarding saliva TIBC levels.

Despite the lack of statistical significance in the
differences of saliva iron and ferritin levels between
anemic and healthy groups, the findings have
important implications. Firstly, the study underscores
the potential of saliva as a non-invasive diagnostic tool,
which could be particularly useful in large-scale
screenings or in settings where blood collection is
impractical. However, there are limitations in
interpreting the results. The study found that saliva iron
and ferritin levels may not be reliable in differentiating
between individuals with iron deficiency anemia and
those with normal iron status if TIBC levels are not
measured simultaneously.

Saliva-based diagnostic tools that only measure these
markers without considering TIBC may lack sensitivity
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Table 2. The Mean + SD of Saliva Iron, Ferritin, and Total Iron-Binding Capacity Levels in the Anemic and Control Groups

Saliva Substances Sample Size Mean + SD P-Value
Iron level 0.07
Anemic 20 17.01+11.35
Control 20 25.05%15.71
Ferritin level 0.26
Anemic 20 27.23+29.61
Control 20 37.28+26.48
TIBC 0.001?
Anemic 20 362.85 +45.20
Control 20 314.55+33.88
2 Independent t-test.
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Figure 2. Various variables in serum and saliva represented by multiple bar diagrams.

and lead to false-negative results. Individuals with iron
deficiency anemia may have normal or near-normal
saliva iron and ferritin levels, resulting in a failure to
identify the condition using iron and ferritin markers
alone. Therefore, integrating multiple diagnostic

Middle East ] Rehabil Health Stud. 2024; 11(4): e143955.

approaches and biomarkers may provide a more
comprehensive assessment of iron status and improve
the accuracy of anemia diagnosis. Biomarker levels in
saliva are often significantly lower than in blood, so
achieving accurate and stable saliva testing requires
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Table 3. The Mean + SD of Serum Iron, Ferritin, and Total Iron-Binding Capacity Levels in the Anemic and Control Groups

Serum Substances Sample Size Mean + SD P-Value
Iron level 0.0001?
Anemic 20 33.30+13.67
Control 20 68.20 £22.34
Ferritin level 0.00012
Anemic 20 14.93 £5.61
Control 20 60.87+17.09
TIBC 0.118
Anemic 20 361.65£36.37
Control 20 340.30+47.35

2 Independent t-test.

consideration of factors such as interferences, matrix

effects, viscosity, salivary flow rate, and food
consumption (39).

Secondly, the results highlight the need for
additional research to better understand the

relationship between salivary and serum iron markers.
Future studies with larger sample sizes or different
demographic groups may provide more definitive
insights.  Additionally, exploring other salivary
biomarkers or refining analytical methods could
enhance the sensitivity and specificity of saliva-based
diagnostics for iron deficiency anemia. There is a limited
amount of research on this subject, particularly studies
involving adults. Most of the studies conducted in this
area involve children (8, 20, 31, 38). Therefore, more
extensive research is needed to evaluate the
effectiveness of saliva as a diagnostic tool in adults.

We selected all participants based on the same
periodontal status. The progression of periodontal
disease, as defined by pocket depth, gingival bleeding,
and suppuration, is associated with the level of salivary
biomarkers (40, 41). Bleeding gums caused by
periodontal issues can affect the measurement of iron
levels in saliva samples. Blood contamination can lead
to inaccurate results, compromising the reliability of
the study.

Additionally, periodontitis is an inflammatory
disease believed to be connected with the level of serum
ferritin. The expression of ferritin is controlled by
various factors, including proinflammatory cytokines
such as tumor necrosis factor (TNF), interleukin (IL)-1,
and IL-6, which play a crucial role in periodontitis (42).

While this study has its strengths, it also has a few
limitations. We tried to eliminate the impact of any
confounding factors by matching the examined groups
and applying various exclusion criteria. While this

approach can help control for confounding factors and
enhance the internal validity of the study, it may also
limit the external validity or generalizability of the
findings to broader populations. Future research should
aim to include more diverse patient populations to
better understand the utility of saliva analysis for
diagnosing and monitoring iron deficiency anemia in
real-world clinical practice.

5.1. Conclusions

The results underscore the necessity of combining
both serum and saliva analyses to obtain a holistic
perspective on iron-related parameters. While saliva
analysis cannot entirely replace serum analysis, it offers
a convenient approach that can serve as an initial step
or be integrated into extensive anemia screening
programs, considering its  limitations.  This
methodology has multiple advantages, such as ease of
collection, cost-effectiveness, and procedural simplicity,
making it especially valuable in large-scale initiatives.

Footnotes

Authors' Contribution: Study concept and design: T. E,
S.L,and M. H.; analysis and interpretation of data: R. Sh,;
drafting of the manuscript: R. Sh.,, M. S., and Sh. H;
critical revision of the manuscript for important
intellectual content: T. E, and S. L.; statistical analysis: R.
Sh.

Conflict of Interests Statement: The authors declared
no conflict of interests.

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after publication.

Middle East ] Rehabil Health Stud. 2024; 11(4): e143955.



Farrokhnia Tet al.

Ethical Approval: This study resulted from two projects
both of which were registered and approved by the

ethical
IR.JAU.DENTAL.REC.1398.024

codes of
and

committee under the ethical

IR.JAU.DENTAL.REC.1398.025 .

Funding/Support: All authors declare that no funding
was obtained for this project.

Informed Consent: The procedure was explained to the
participants and informed consent was obtained.

References

10.

Kumar A, Sharma E, Marley A, Samaan MA, Brookes M]. Iron

deficiency anaemia: pathophysiology, assessment, practical
management. BMJ Open Gastroenterol. 2022;9(1). [PubMed ID:
34996762]. [PubMed Central ID: PMC8744124].

https://doi.org[10.1136/bmjgast-2021-000759.

Gattermann N, Muckenthaler MU, Kulozik AE, Metzgeroth G, Hastka
]. The Evaluation of Iron Deficiency and Iron Overload. Dtsch Arztebl
Int. 2021;118(49):847-56. [PubMed ID: 34755596]. [PubMed Central ID:
PMC8941656]. https://doi.org[10.3238/arztebl.m2021.0290.

Rajkumaar ], Mathew MG. Association of severe early childhood
caries with salivary ferritin. | Family Med Prim Care. 2020;9(8):3991-3.
[PubMed ID: 33110799]. [PubMed Central ID: PMC7586573].
https://doi.org[10.4103(jfmpc.jfmpc_9_20.

Cappellini MD, Musallam KM, Taher AT. Iron deficiency anaemia
revisited. J Intern Med. 2020;287(2):153-70. [PubMed ID: 31665543].
https://doi.org[10.1111/joim.13004.

Mansour D, Hofmann A, Gemzell-Danielsson K. A Review of Clinical
Guidelines on the Management of Iron Deficiency and Iron-
Deficiency Anemia in Women with Heavy Menstrual Bleeding. Adv
Ther. 2021;38(1):201-25. [PubMed ID: 33247314]. [PubMed Central ID:
PMC7695235]. https:[/doi.org/10.1007/512325-020-01564-y.

GBD 2016 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived
with disability for 328 diseases and injuries for 195 countries, 1990-
2016: a systematic analysis for the Global Burden of Disease Study
2016. Lancet. 2017;390(10100):1211-59. [PubMed ID: 28919117]. [PubMed
Central ID: PMC5605509]. https://doi.org/10.1016/S0140-6736(17)32154-
2.

Andersen CT, Marsden DM, Duggan CP, Liu E, Mozaffarian D, Fawzi
WW. Oral iron supplementation and anaemia in children according
to schedule, duration, dose and cosupplementation: a systematic
review and meta-analysis of 129 randomised trials. BMJ Glob Health.
2023;8(2). [PubMed ID: 36849195]. [PubMed Central ID: PMC9972455].
https://doi.org[10.1136/bmjgh-2022-010745.

Moscheo C, Licciardello M, Samperi P, La Spina M, Di Cataldo A, Russo
G. New Insights into Iron Deficiency Anemia in Children: A Practical
Review. Metabolites. 2022;12(4). [PubMed ID: 35448476]. [PubMed
Central ID: PMC9029079]. https://doi.org[10.3390/metabo12040289.

Kumar SB, Arnipalli SR, Mehta P, Carrau S, Ziouzenkova O. Iron
Deficiency Anemia: Efficacy and Limitations of Nutritional and
Comprehensive Mitigation Strategies. Nutrients. 2022;14(14).
[PubMed ID: 35889932]. [PubMed Central ID: PMC9315959].
https://doi.org[10.3390/nu14142976.

Steinbicker AU, Muckenthaler MU. Out of balance-systemic iron
homeostasis in iron-related disorders. Nutrients. 2013;5(8):3034-61.
[PubMed ID: 23917168]. [PubMed Central ID: PMC3775241].
https://doi.org[10.3390/nu5083034.

Middle East ] Rehabil Health Stud. 2024;11(4): e143955.

1.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Brandtner A, Tymoszuk P, Nairz M, Lehner GF, Fritsche G, Vales A, et al.
Linkage of alterations in systemic iron homeostasis to patients'
outcome in sepsis: a prospective study. J Intensive Care. 2020;8:76.
[PubMed ID: 33014378]. [PubMed Central ID: PMC7528491].
https://doi.org[10.1186/s40560-020-00495-8.

Weiss G, Ganz T, Goodnough LT. Anemia of inflammation. Blood.
2019;133(1):40-50. [PubMed ID: 30401705]. [PubMed Central ID:
PMC6536698]. https://doi.org/10.1182/blood-2018-06-856500.

Means RT. Iron Deficiency and Iron Deficiency Anemia: Implications
and Impact in Pregnancy, Fetal Development, and Early Childhood
Parameters. Nutrients. 2020;12(2). [PubMed ID: 32053933]. [PubMed
Central ID: PMC7071168]. https:|/doi.org/10.3390/nu12020447.

Gottschalk R, Wigand R, Dietrich CF, Oremek G, Liebisch F, Hoelzer D,
et al. Total iron-binding capacity and serum transferrin
determination under the influence of several clinical conditions.
Clin Chim Acta. 2000;293(1-2):127-38. [PubMed ID: 10699428].
https://doi.org[10.1016/s0009-8981(99)00242-9.

Haji-Sattari F, Zarabadipour M, Hajmanoochehri F, Mirzadeh M.
Salivary and Serum Ferritin Levels: Is There a Correlation? ] Iran Dent
Assoc. 2019;31(4):214-7. https:/[doi.org/10.30699/jidai.31.4.214.

Cotter |, Baldaia C, Ferreira M, Macedo G, Pedroto I. Diagnosis and
treatment of iron-deficiency anemia in gastrointestinal bleeding: A
systematic review. World | Gastroenterol. 2020;26(45):7242-57.
[PubMed ID: 33362380]. [PubMed Central ID: PMC7723662].
https://doi.org/10.3748|wjg.v26.i45.7242.

Al-Naseem A, Sallam A, Choudhury S, Thachil J. Iron deficiency
without anaemia: a diagnosis that matters. Clin Med (Lond).
2021;21(2):107-13. [PubMed ID: 33762368]. [PubMed Central ID:
PMC8002799]. https://doi.org/10.7861/clinmed.2020-0582.

Kodati S. Correlation of serum & salivary ferritin levels in iron
defeciency anemia patients. Int ] Biol Med Res. 2018;9(2):6317-20.

B LS, Rathnavelu V, Sabesan M, Ganesh A, Anandan S. A Study to Assess
the Levels of Salivary Ferritin in Iron Deficiency Anemia Subjects and
Healthy Subjects. Cureus. 2021;13(8). e17241. [PubMed ID: 34540467].
[PubMed Central ID: PM(C8444485].
https://doi.org/10.7759/cureus.17241.

Sharifi R, Tabarzadi MF, Choubsaz P, Sadeghi M, Tadakamadla ], Brand
S, et al. Evaluation of Serum and Salivary Iron and Ferritin Levels in
Children with Dental Caries: A Meta-Analysis and Trial Sequential
Analysis. Children (Basel). 2021;8(11). [PubMed ID: 34828748]. [PubMed
Central ID: PMC8625931]. https://doi.org/10.3390/childrens111034.

Jazaeri M, Radi S, Hajilooi M, Seifrabiei MA, Esmaeili A. Comparison of
Salivary Iron and Total Iron-Binding Capacity Levels Between Patients
With Iron Deficiency Anemia and Healthy Individuals. Avicenna ] Dent
Res. 2023;15(1):1-4. https://doi.org[10.34172/ajdr.2023.513.

Raut T, Keshwar S, Rimal ], Lamsal M, Shrestha A. Biochemical status
of serum iron in histopathological grades of oral submucous
fibrosis. J Oral Biol Craniofac Res. 2020;10(4):753-7. [PubMed ID:
33117643]. [PubMed Central ID: PMC7581919].
https://doi.org/10.1016/j.jobcr.2020.10.008.

Thakur M, Guttikonda VR. Estimation of hemoglobin, serum iron,
total iron-binding capacity and serum ferritin levels in oral
submucous fibrosis: A clinicopathological study. J Oral Maxillofac
Pathol. 2017;21(1):30-5. [PubMed ID: 28479683]. [PubMed Central ID:
PMC5406814]. https://doi.org[10.4103[jomfp.JOMFP_131_15.

Babaee N, Hosseinkazemi H, Pouramir M, Khakbaz Baboli O, Salehi M,
Khadir F, et al. Salivary oxidant/ antioxidant status and
hematological parameters in patients with recurrent aphthous
stomatitis. Caspian J Intern Med. 2016;7(1):13-8. [PubMed ID: 26958327].
[PubMed Central ID: PMC4761117].

Ishikawa K, Narita O, Saito H, Kato K. Determination of ferritin in
urine and in serum of normal adults with a sensitive enzyme


https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=70890
https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=70894
http://www.ncbi.nlm.nih.gov/pubmed/34996762
https://www.ncbi.nlm.nih.gov/pmc/PMC8744124
https://doi.org/10.1136/bmjgast-2021-000759
http://www.ncbi.nlm.nih.gov/pubmed/34755596
https://www.ncbi.nlm.nih.gov/pmc/PMC8941656
https://doi.org/10.3238/arztebl.m2021.0290
http://www.ncbi.nlm.nih.gov/pubmed/33110799
https://www.ncbi.nlm.nih.gov/pmc/PMC7586573
https://doi.org/10.4103/jfmpc.jfmpc_9_20
http://www.ncbi.nlm.nih.gov/pubmed/31665543
https://doi.org/10.1111/joim.13004
http://www.ncbi.nlm.nih.gov/pubmed/33247314
https://www.ncbi.nlm.nih.gov/pmc/PMC7695235
https://doi.org/10.1007/s12325-020-01564-y
http://www.ncbi.nlm.nih.gov/pubmed/28919117
https://www.ncbi.nlm.nih.gov/pmc/PMC5605509
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.1016/S0140-6736(17)32154-2
http://www.ncbi.nlm.nih.gov/pubmed/36849195
https://www.ncbi.nlm.nih.gov/pmc/PMC9972455
https://doi.org/10.1136/bmjgh-2022-010745
http://www.ncbi.nlm.nih.gov/pubmed/35448476
https://www.ncbi.nlm.nih.gov/pmc/PMC9029079
https://doi.org/10.3390/metabo12040289
http://www.ncbi.nlm.nih.gov/pubmed/35889932
https://www.ncbi.nlm.nih.gov/pmc/PMC9315959
https://doi.org/10.3390/nu14142976
http://www.ncbi.nlm.nih.gov/pubmed/23917168
https://www.ncbi.nlm.nih.gov/pmc/PMC3775241
https://doi.org/10.3390/nu5083034
http://www.ncbi.nlm.nih.gov/pubmed/33014378
https://www.ncbi.nlm.nih.gov/pmc/PMC7528491
https://doi.org/10.1186/s40560-020-00495-8
http://www.ncbi.nlm.nih.gov/pubmed/30401705
https://www.ncbi.nlm.nih.gov/pmc/PMC6536698
https://doi.org/10.1182/blood-2018-06-856500
http://www.ncbi.nlm.nih.gov/pubmed/32053933
https://www.ncbi.nlm.nih.gov/pmc/PMC7071168
https://doi.org/10.3390/nu12020447
http://www.ncbi.nlm.nih.gov/pubmed/10699428
https://doi.org/10.1016/s0009-8981(99)00242-9
https://doi.org/10.30699/jidai.31.4.214
http://www.ncbi.nlm.nih.gov/pubmed/33362380
https://www.ncbi.nlm.nih.gov/pmc/PMC7723662
https://doi.org/10.3748/wjg.v26.i45.7242
http://www.ncbi.nlm.nih.gov/pubmed/33762368
https://www.ncbi.nlm.nih.gov/pmc/PMC8002799
https://doi.org/10.7861/clinmed.2020-0582
http://www.ncbi.nlm.nih.gov/pubmed/34540467
https://www.ncbi.nlm.nih.gov/pmc/PMC8444485
https://doi.org/10.7759/cureus.17241
http://www.ncbi.nlm.nih.gov/pubmed/34828748
https://www.ncbi.nlm.nih.gov/pmc/PMC8625931
https://doi.org/10.3390/children8111034
https://doi.org/10.34172/ajdr.2023.513
http://www.ncbi.nlm.nih.gov/pubmed/33117643
https://www.ncbi.nlm.nih.gov/pmc/PMC7581919
https://doi.org/10.1016/j.jobcr.2020.10.008
http://www.ncbi.nlm.nih.gov/pubmed/28479683
https://www.ncbi.nlm.nih.gov/pmc/PMC5406814
https://doi.org/10.4103/jomfp.JOMFP_131_15
http://www.ncbi.nlm.nih.gov/pubmed/26958327
https://www.ncbi.nlm.nih.gov/pmc/PMC4761117

Farrokhnia Tet al.

26.

27.

28.

20.

30.

31

32.

33.

immunoassay. Clin Chim Acta. 1982;123(1-2):73-81. [PubMed ID:
6749338]. https://doi.org/10.1016/0009-8981(82)90115-2.

Gerday E, Brereton |B, Bahr TM, Elmont JO, Fullmer S, Middleton BA,
et al. Urinary ferritin; a potential noninvasive way to screen NICU
patients for iron deficiency. J Perinatol. 2021;41(6):1419-25. [PubMed
1D: 32709979]. https://doi.org/10.1038/s41372-020-0746-6.

Skalny AV, Korobeinikova TV, Aschner M, Baranova OV, Barbounis EG,
Tsatsakis A, et al. Medical application of laser-induced breakdown
spectroscopy (LIBS) for assessment of trace element and mineral in
biosamples: Laboratory and clinical validity of the method. J Trace
Elem Med Biol. 2023;79:127241. [PubMed ID: 37393771].
https://doi.org[10.1016/j.jtemb.2023.127241.

Prakobdi C, Baldo TA, Aryal P, Link ], Saetear P, Henry CS. Non-invasive
iron deficiency diagnosis: a saliva-based approach using capillary
flow microfluidics. Anal Methods. 2024;16(16):2489-95. [PubMed ID:
38502566]. https://doi.org/10.1039/d3ay01933k.

Pope E, Berkovitch M, Klein ], Fassos F, Koren G. Salivary
measurement of deferiprone concentrations and correlation with
serum levels. Ther Drug Monit. 1997;19(1):95-7. [PubMed ID: 9029756].
https://doi.org/10.1097/00007691199702000-00018.

Han R, Yue |, Lin H, Du N, Wang ], Wang S, et al. Salivary Microbiome
Variation in Early Childhood Caries of Children 3-6 Years of Age and
Its Association With Iron Deficiency Anemia and Extrinsic Black
Stain. Front Cell Infect Microbiol. 2021;11:628327. [PubMed ID:
33869076]. [PubMed Central ID: PMC8044945].
https:[/doi.org[10.3389/fcimb.2021.628327.

Jagannathan N, Thiruvengadam C, Ramani P, Premkumar P, Natesan
A, Sherlin HJ. Salivary ferritin as a predictive marker of iron
deficiency anemia in children. J Clin Pediatr Dent. 2012;37(1):25-30.
[PubMed ID: 23342563].
https://doi.org[10.17796[jcpd.37.1.ap20543762015370.

Canatan D, Akdeniz SK. Iron and ferritin levels in saliva of patients
with thalassemia and iron deficiency anemia. Mediterr | Hematol
Infect Dis. 2012;4(1). e2012051. [PubMed ID: 22973495]. [PubMed
Central ID: PMC3435124]. https:|/doi.org/10.4084/MJHID.2012.051.

Aghazadeh M, Eslami H, Pirzadeh A, Aghazadeh Z, Dousti H, Falsafi P.
Evaluation of correlation between Saliva and serum ferritin Level In
Patients with Iron deficiency Anemia and comparision group. IOSR |
Humanit Soc Sci. 2016;21(6):43-8. https:|/doi.org/10.9790/0837-
2106084348.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Costa EM, Azevedo JA, Martins RF, Rodrigues VP, Alves CM, Ribeiro CC,
et al. Salivary Iron (Fe) Ion Levels, Serum Markers of Anemia and
Caries Activity in Pregnant Women. Rev Bras Ginecol Obstet.
2017;39(3):94-101. [PubMed ID: 28293916]. [PubMed Central ID:
PMC10309439]. https://doi.org/10.1055/s-0037-1599217.

Cappellini MD, Santini V, Braxs C, Shander A. Iron metabolism and
iron deficiency anemia in women. Fertil Steril. 2022;118(4):607-14.
[PubMed ID: 36075747].
https://doi.org[10.1016j.fertnstert.2022.08.014.

Mugisha JO, Baisley K, Asiki G, Seeley ], Kuper H. Prevalence, types,
risk factors and clinical correlates of anaemia in older people in a
rural Ugandan population. PLoS One. 2013;8(10). €78394. [PubMed ID:
24194926). [PubMed Central ID: PMC3806814].
https://doi.org/10.1371/journal.pone.0078394.

Kaczor-Urbanowicz KE, Martin Carreras-Presas C, Aro K, Tu M, Garcia-
Godoy F, Wong DT. Saliva diagnostics - Current views and directions.
Exp Biol Med (Maywood). 2017;242(5):459-72. [PubMed ID: 27903834].
[PubMed Central ID: PMC5367650].
https://doi.org/10.1177/1535370216681550.

Mishra OP, Agarwal KN, Agarwal RM. Salivary iron status in children
with iron deficiency and iron overload. J Trop Pediatr. 1992;38(2):64-7.
[PubMed ID: 1569637]. https://doi.org[10.1093[tropej/38.2.64.

Moonla C, Lee DH, Rokaya D, Rasitanon N, Kathayat G, Lee WY, et al.
Review—Lab-in-a-Mouth and Advanced Point-of-Care Sensing
Systems: Detecting Bioinformation from the Oral Cavity and Saliva.
ECS Sensors Plus. 2022;1(2):21603. https://doi.org[10.1149/2754-
2726[ac7533.

Podzimek S, Vondrackova L, Duskova ], Janatova T, Broukal Z. Salivary
Markers for Periodontal and General Diseases. Dis Markers.
2016;2016:9179632. [PubMed ID: 27143814]. [PubMed Central ID:
PMC4837271]. https://doi.org/10.1155/2016/9179632.

Anne Marie U, Murererehe ], Rehman M, Chittilla M, Uwambaye P,
Razzaque MS. Oral manifestations of iron imbalance. Front Nutr.
2023;10:1272902. [PubMed ID: 37899821]. [PubMed Central ID:
PMC10611504]. https://doi.org[10.3389/fnut.2023.1272902.

Gajjar S, Haq MA, Shah R, Mandani K, Banerjee S, Sinha S, et al. Effect
of serum ferritin levels in gingivitis and periodontitis patients
before and after nonsurgical periodontal therapeutic intervention.
Appl Pharm Sci. 2023;13(11):152-60.
https://doi.org[10.7324/japs.2023.147406.

Middle East ] Rehabil Health Stud. 2024;11(4): e143955.


http://www.ncbi.nlm.nih.gov/pubmed/6749338
https://doi.org/10.1016/0009-8981(82)90115-2
http://www.ncbi.nlm.nih.gov/pubmed/32709979
https://doi.org/10.1038/s41372-020-0746-6
http://www.ncbi.nlm.nih.gov/pubmed/37393771
https://doi.org/10.1016/j.jtemb.2023.127241
http://www.ncbi.nlm.nih.gov/pubmed/38502566
https://doi.org/10.1039/d3ay01933k
http://www.ncbi.nlm.nih.gov/pubmed/9029756
https://doi.org/10.1097/00007691-199702000-00018
http://www.ncbi.nlm.nih.gov/pubmed/33869076
https://www.ncbi.nlm.nih.gov/pmc/PMC8044945
https://doi.org/10.3389/fcimb.2021.628327
http://www.ncbi.nlm.nih.gov/pubmed/23342563
https://doi.org/10.17796/jcpd.37.1.ap20543762015370
http://www.ncbi.nlm.nih.gov/pubmed/22973495
https://www.ncbi.nlm.nih.gov/pmc/PMC3435124
https://doi.org/10.4084/MJHID.2012.051
https://doi.org/10.9790/0837-2106084348
https://doi.org/10.9790/0837-2106084348
http://www.ncbi.nlm.nih.gov/pubmed/28293916
https://www.ncbi.nlm.nih.gov/pmc/PMC10309439
https://doi.org/10.1055/s-0037-1599217
http://www.ncbi.nlm.nih.gov/pubmed/36075747
https://doi.org/10.1016/j.fertnstert.2022.08.014
http://www.ncbi.nlm.nih.gov/pubmed/24194926
https://www.ncbi.nlm.nih.gov/pmc/PMC3806814
https://doi.org/10.1371/journal.pone.0078394
http://www.ncbi.nlm.nih.gov/pubmed/27903834
https://www.ncbi.nlm.nih.gov/pmc/PMC5367650
https://doi.org/10.1177/1535370216681550
http://www.ncbi.nlm.nih.gov/pubmed/1569637
https://doi.org/10.1093/tropej/38.2.64
https://doi.org/10.1149/2754-2726/ac7533
https://doi.org/10.1149/2754-2726/ac7533
http://www.ncbi.nlm.nih.gov/pubmed/27143814
https://www.ncbi.nlm.nih.gov/pmc/PMC4837271
https://doi.org/10.1155/2016/9179632
http://www.ncbi.nlm.nih.gov/pubmed/37899821
https://www.ncbi.nlm.nih.gov/pmc/PMC10611504
https://doi.org/10.3389/fnut.2023.1272902
https://doi.org/10.7324/japs.2023.147406

