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Alteration of cytokines in saliva of children with caries and obesity
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Abstract

Caries and obesity are multifactorial diseases with inflammatory components, whose processes involve cells and molecules,
such as cytokines. Therefore, the objective of this work was to compare the concentrations of IL-6, IL-8, IL-15, and IL-18
in the salivary samples of children with caries and obesity. The study was carried out with 80 children: 43 with a normal
weight and 37 with obesity. The diagnosis of caries was carried out using the ICDAS system. Salivary samples were used to
measure the cytokine levels via the ELISA technique. Our results show that children with obesity and dental cavities have high
levels of IL-6 and IL-15. Similarly, obese children have elevated levels of these two cytokines, while children with cavitated
carious lesions presented alterations in their concentrations of IL-6 and IL-8. In conclusion, our data suggest that IL-6 has
a significant effect on both obesity and caries, although IL-8 is more related to caries, and IL-15 is more related to obesity.
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Introduction.

The development of dental caries is a dynamic process that
involves repeated cycles of demineralization and reminerali-
zation throughout the day, as a result of microbial metabo-
lism on the dental surface, upon which, over time, a net
mineral loss can result, allowing a cavity to be formed [1].
The global prevalence of caries in the year 2010 was cal-
culated at 35.4% [2]. Mexico is one of the countries most
affected by this pathology; previous studies have reported a
caries prevalence of above 60% in children [3]. In contrast,
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the secretary of health of Mexico reports that about 75% of
children suffer from caries [4].

On the other hand, obesity is defined as excessive body
weight for height with an excessive accumulation of adipose
tissue that is usually accompanied by mild, chronic, and sys-
temic inflammation [5]. Estimates in the adult population
show that by 2030, up to more than 50% of the population
could suffer from obesity [6]. For the child population, there
is slight evidence that these rates are leveling off in some
populations of the United States and Europe. Nevertheless,
these rates remain high at around 30% [7]. In Mexico, how-
ever, a prevalence greater than 45% has been reported [8].

A large number of papers have been published on the
potential association, possibly bidirectional, between car-
ies and obesity [9—-11]. It has been widely documented
that both caries and obesity are involved in an inflam-
matory process, in which both cells and molecules par-
ticipate [12—15]. Macrophages are one of the principal
types of cells of the innate immune system involved in the
caries response. It has been reported that when the cari-
ous process progresses through the dentin, the number of
macrophages increases in the dental pulp. This process
reflects a higher vascular permeability and favors the elim-
ination of bacteria through the activation of other immune
cells, such as cytotoxic T lymphocytes and NK cells [14].
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Macrophages perform most of their functions through the
secretion of cytokines, such as interleukin 6 (IL-6), inter-
leukin 8 (IL-8), interleukin 15 (IL-15), and interleukin 18
(IL-18), among others.

IL-6 is a proinflammatory cytokine, which has been
previously studied in the carious process, showing an
increase in caries patients in most studies [16-20]. IL-8
is a cytokine with a chemotactic effect on neutrophils and
has been extensively studied in caries; however, the results
have been controversial [17, 19-22]. Some cytokines have
been poorly studied in caries, such as IL-15 and IL-18,
which participate in the activation of NK cells. So far, to
our knowledge, IL-15 has not been studied in caries, and
for IL-18, there is only one previous report [23]. Further,
the concentrations of these cytokines in children with car-
ies have not yet been studied using the International Caries
Detection and Assessment System (ICDAS).

In contrast, cytokines represent a vast field of study in
the pathophysiology of obesity. It has been widely dem-
onstrated that IL-6 significantly participates in this pathol-
ogy. However, the measurement of this molecule in the
saliva samples of obese subjects has been less commonly
studied [24-27]. IL-8 has not been studied in the saliva
samples of obese subjects, while the serum results have
been controversial [28—30]. IL-15 and IL-18 have also not
been studied in the saliva of obese subjects (serum only)
[31-35].

Although there is evidence of the involvement of these
cytokines, both in caries and in obesity, patients suffering
from both diseases have been rarely studied. Therefore, the
objective of this research was to compare the concentrations
of IL-6, IL-8, IL-15, and IL-18 in the salivary samples of
children with caries and obesity.

Materials and methods
Study design

This is a cross-sectional and observational study, which
included children from 3 to 8 years of age who attend the
clinic of the Specialty in Pediatric Dentistry, of the Center
for Comprehensive Medical Care, belonging to the Centro
Universitario de Los Altos, of the Universidad de Guada-
lajara. The study population was obtained via consecutive
non-probabilistic sampling, including 80 children of both
genders. Children who were under any medical treatment,
presenting periodontal disease, taking antibiotics or anti-
inflammatory drugs, or whose parents did not authorize their
participation in the study were excluded. The research pro-
tocol was approved by the local ethics committee, with the
official number: CUA/CEI/004/2018.
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Clinical examinations

Once the consent was signed, each patient’s weight and
height were obtained to establish his or her body mass
index (BMI). The weight was obtained with a digital
scale, and the height was obtained with a stadiometer. The
children were separated into groups of normal weight or
excess weight (overweight/obesity), using the BMI and its
corresponding percentiles as a reference via the Center for
Disease Control and Prevention (CDC) online tool: https://
www.cdc.gov/healthyweight/spanish/bmi/calculator.html.

Caries severity was assessed using the criteria of the
International Caries Detection and Assessment System
(ICDAS), on a scale from 0 to 6, where 0 =a sound tooth
surface; 1 =a visual change in the enamel (when dry);
2 =avisual change in the enamel (when wet); 3 =localized
enamel breakdown due to caries, with no visible dentin
or underlying shadow; 4 =underlying dark shadow from
the dentin with or without localized enamel breakdown;
5 =visible dentin cavity on less than half of the surface;
6 = visible dentin cavity on more than half of the surface.
One examiner conducted the clinical examinations. This
examiner had training and experience in the use of ICDAS
with high consistency (kappa=0.89). Before the examina-
tions, a dental prophylaxis was administered by a pediatric
dentist and then dried with an air syringe.

The frequency found for the different ICDAS codes of
the study subjects is shown in Table 1. However, for the
majority of statistical analyses, the sample was divided
into two groups, according to the severity of caries:
The group of subjects with cavitated caries lesions only
(ICDAS codes 3-6) was compared with a group of chil-
dren who had ICDAS codes 0-2 for all their included
teeth. Each child was classified based on his or her most
advanced stage of tooth decay—that is, if a child had one
tooth surface with an initial lesion and another with a
severe lesion, only the latter was recorded.

Unstimulated saliva was collected using the spitting
method. Children were asked to avoid eating, drinking,
brushing, and using dental floss for 90 min before sam-
pling. Saliva samples were homogenized and clarified by
centrifugation at 10,000g for 15 min at 4 °C. The aliquots
of the clarified supernatants were stored at -80 °C for
future use in cytokine measurements.

On the day of the experiment, all samples were evalu-
ated by an ELISA MAX™ Deluxe Set Human IL-8 (Bio-
legend, USA), according to the manufacturer’s instruc-
tions. The concentrations of IL-6, IL-15, and IL-18 were
also determined using a commercially available ELISA kit
(R&D Systems Inc, USA), following the manufacturer’s
instructions in the same way. Absorbance was measured at
450 and 570 nm using a microplate reader (Multiskan GO,
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Table 1 General characteristics of the study subjects

Characteristic Total n=80 (%) Normal Overweight/
weight n=43 obesity n=37
(%) (%)
Caries
ICDAS 0 4(5.0) 3(7.0) 1(2.7)
ICDAS 1 2(2.5) 1(2.3) 1(2.7)
ICDAS 2 1(1.3) 1(2.3) 0(0)
ICDAS 3 5(6.3) 2(4.7) 3(8.1)
ICDAS 4 3(3.8) 2(4.7) 1(2.7)
ICDAS 5 14 (17.5) 8 (18.6) 6 (16.2)
ICDAS 6 51 (63.7) 26 (60.5) 25 (67.6)
Caries
Non-cavitated 7 (8.8) 5(11.6) 2(5.4)
carious lesions
(ICDAS-II code
0-2)
Cavitated car- 73 (91.3) 38 (88.4) 35 (94.6)
ies lesions
(ICDAS-II code
3-6)
Gender
Female 31 (38.8) 15 (34.9) 16 (43.2)
Male 49 (61.3) 28 (65.1) 21 (56.8)
Tooth wash fre-
quency
1 aday 27 (33.8) 14 (32.6) 13 (35.1)
2 or more per day 53 (66.2) 29 (67.4) 24 (64.9)
Sinuous process
Absence 74 (92.5) 38 (88.4) 36 (97.3)
Presence 6(7.5) 5(11.6) 12.7
Pain
Absence 62 (77.5) 31 (72.1) 31 (83.8)
Presence 18 (22.5) 12 (27.9) 6 (16.2)

Thermo Scientific, Finland). The results were presented as
the picogram per milliliter (pg/mL).

Statistical analysis

A statistical analysis for the ordinal and nominal vari-
ables is presented according to the pure frequency and
percentage. The scale variables are presented as the mean
and standard error or median and interquartile range. For
the inferential analysis, the corresponding normality tests
were performed before undertaking the statistical test.
A comparison of the nominal and ordinal variables was
performed using a chi-squared test. At the same time, a
comparison between the scale variables was carried out
by a Student’s ¢ test, Mann—Whitney or Kruskal-Wallis
tests, with a post hoc analysis. P <0.05 was considered
significant.

Results

Eighty children between 3 and 8 years of age were enrolled,
with an average age of 5.8. Of these participants, 43 had nor-
mal weight and 37 had excess weight (18 overweight and 19
obesity). The different degrees of caries, according to ICDAS,
together with other characteristics, are shown in Table 1. The
majority of the study subjects were classified under codes 5
and 6 of the ICDAS, for those with both normal weight and
overweight/obesity. Secondly, the group of subjects with cavi-
tated caries lesions only (ICDAS-II codes 3—6) was compared
with the group of children who were classified under ICDAS-
II codes 0-2 (non-cavitated carious lesions). Interestingly, the
percentage of cavitated carious lesions was higher in the group
of overweight/obese children (94.6%) but without being sta-
tistically significant.

There was a greater participation of the female gender.
Around two-thirds of female participants reported brushing
their teeth two or more times a day, and only some of them
mentioned suffering pain or a sinuous process. No statistical
difference was found between the two groups studied accord-
ing to body composition or according to carious lesions for
the variables shown in Table 1. Besides, it was observed that
children with cavitated lesions did not have had a higher BMI
compared to the infants with carious lesions without cavitation
(17.7+0.3 vs. 16.9+0.2; respectively; P=0.075).

On the other hand, as seen in Fig. 1 and Table 2, the sali-
vary levels of IL-6 and IL-15 were found to be increased in
children with overweight/obesity compared to those in the
normal-weight group (Fig. 1a, g). Furthermore, IL-6 was also
found to be increased in children with cavitated carious lesions
(Fig. 1b). Conversely, IL-8 decreased in the same study group
(Fig. 1e). Interestingly, the salivary levels of IL-6 were higher
among the female than the male participants (56.8+17.4 vs.
23.8 +8.7, respectively; P=0.003). Notably, the frequency
presented by both genders was similar.

Subsequently, a cytokine analysis was performed on body
composition and caries. In this analysis, the overweight/obe-
sity group with cavitated carious lesions was not considered
because only two children formed this study group (Table 1).
Therefore, as seen in Fig. lc, i, only salivary levels of IL-6
and IL-15 were found to have a statistical difference in the
group with overweight/obesity and cavitated carious lesions
compared to the group with a normal weight and cavitated
carious lesions or un-cavitated carious lesions. The other two
cytokines did not show any statistical differences between the
groups studied.
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Fig.1 Comparison of IL-6, IL-8, IL-15, and IL-18 in the saliva of
children with caries and obesity. a, d, g and j show the comparisons
of cytokines concerning overweight/obesity. b, e, h and k show the
comparisons of cytokines for caries. ¢, f, i and 1 show the compari-
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Table 2 Concentrations, in children’s saliva, according to the presence of caries and obesity

OW+C

NW+C

NW +NC

P

NC

ow

NW

Cytokines (pg/mL)

0.028

12.85
(5.77-32.54)

7.65
210.30

2.04

0.042

12.1

3.32

0.025

12.47

5.36

IL-6 median (IQR)

(3.93-23.81)

183.90

(1.78-6.23)

200.00

(4.08-26.53)

189.90

(1.78-7.54)

237.20

(4.63-32.54)

216.35

(3.31-21.99)

0.152

0.044

0.608

197.90
(133.75-235.00)

0.55

IL-8 median (IQR)

(125.35-235.00)  (117.20-270.90)
0.59

(198.95-267.00)

0.27

(118.30-260.00)

0.86

(198.95-304.20)

0.45

(117.20-274.40)

1.14

0.013

1.10
(0.65-1.52)

0.365
8.65

0.003

IL-15 median (IQR)

(0.40-0.94)
8.52

(0.24-0.45)

6.76

(0.51-1.39)

8.65

(0.24-1.17)
721

(0.65-1.56)
921

(0.36-0.83)
8.05

0.475

0.390

0.640

IL-18 median (IQR)

(6.33-11.66)

(7.00-10.30)

(5.55-7.21)

(6.87-11.26)

(5.55-9.23)

(6.33-11.66)

(6.91-9.36)

NW normal weight, OW overweight/obesity, NC carious lesions, not cavitated, C cavitated carious lesions, /QR interquartile range

Discussion

In the present study, we compared the levels of IL-6, IL-8,
IL-15, and IL-18 in the salivary samples of children with
caries and obesity. Our results show that salivary levels
of IL-6 and IL-15 increased in children with caries and
obesity compared to the results for children who were only
overweight/obese. IL-8 decreased in children with dental
cavities, while IL-6 increased.

The observation that IL-15 increased in the obesity and
caries group is highly relevant because, to our knowledge,
this cytokine has not been previously associated with caries.
However, these results should be taken with caution, as this
same cytokine increased in children who also had obesity.
It is, therefore, plausible that this effect is due to obesity
and not due to tooth decay. The increase in IL-6 levels in
the overweight/obese children with cavitated carious lesions
should also be taken with caution. Although this molecule
increased both in children with obesity and in children with
caries, we must consider the significant difference in the
number of participants between both study groups. There-
fore, it is also possible that the elevated levels of IL-6 are
mainly due to obesity and not due to the presence of caries.

IL-15 was also increased in the obesity group, a result
that is consistent with another report [31]. However, another
study reported a decrease in this cytokine in subjects with
a high BMI [32]. It should be noted, however, that in these
two previous works, IL-15 was measured in serum samples,
while we measured it in saliva. Therefore, this result sup-
ports the idea that the saliva of obese subjects differs from
those with a normal weight [36, 37]. The salivary levels
of IL-6 were also found to be increased in children with
obesity, a result that is corroborated by previous research
[24-27]. Some studies have shown that IL-8 and IL-18 are
associated with obesity, but the results have been contro-
versial. These studies have only been performed on serum
samples but not in salivary samples [28-30, 33-35]. How-
ever, these results show that children with obesity present
an inflammatory state, which is reflected even in their saliva.

The results obtained in the caries groups show that the
salivary levels of IL-6 increased in the group with cavi-
tated lesions. Other research groups have reported similar
results in saliva samples [16—20]. These results demon-
strate that proinflammatory cytokines, such as IL-6, have
an essential role in caries pathophysiology. IL-15 and
IL-18 did not show a significant difference in the presence
of caries. However, to our knowledge, this is the first work
on the relationship between IL-15 and caries in saliva
samples. A study conducted via real-time PCR previously
reported that IL-18 is increased in severe caries pulp [23].

On the other hand, we found low levels of IL-8 in
children with cavitated carious lesions, whereas the
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associations between salivary levels of IL-8 and previ-
ously published caries have been controversial. Some pre-
viously published research papers have shown that patients
with caries have high salivary levels of IL-8; however,
some of these studies examined adults, while in others,
the diagnosis of caries was done through DMFT (Decayed,
Missing, Filled, Teeth) [17, 19-22]. This last aspect is of
particular importance because we used the ICDAS sys-
tem to diagnose caries. So far, there are few investigations
that use this system to perform salivary or serum cytokine
measurements.

Another point to consider is the different factors
involved in the development of caries and obesity. Some
of these factors are cultural, sociodemographic, and bio-
logical. Cytokines are found in this last factor. However,
there are also other very important factors, such as diet.
Previous studies have reported that high sugar consump-
tion increases the risk of developing both caries and obe-
sity [38, 39] Therefore, one of our future perspectives is to
conduct research where the interaction between the vari-
ous factors that predispose to the development of obesity
and caries is observed.

Some of the limitations of this study are the low number
of caries-free children, as well as the presence of children
with non-cavitated carious lesions. However, in a clinical
environment, it is difficult to find real diagnoses (such as
overweight children without cavities), especially in pedi-
atric dental practices. Another point to consider is that we
measured cytokine levels in saliva, which does not faith-
fully reflect the cellular origin of these molecules. Most
saliva proteins come from the major and minor glands, as
well as the gingival crevicular fluid [40]. Nevertheless,
one of the criteria for non-inclusion of the children was
the presence of gingivitis or other periodontal diseases.
It would also be desirable to perform other tests, such as
RT-PCR or western-blot, to identify the origins of the
cytokines studied. Besides, we must take into account that
salivary sampling is a non-invasive procedure that is ideal
for use in children, unlike other sampling techniques, such
as taking gingival crevicular fluid.

In conclusion, these results demonstrate that under the
conditions of both obesity and caries, the immune system
participates in the inflammatory process, in which a vast
network of cytokines are involved. Additionally, the altera-
tions in their concentrations are reflected in the salivary
samples. Nevertheless, more thorough studies are needed
to achieve a better understanding of the interactions
between these two diseases and to reduce their prevalence
and comorbidities.

Acknowledgements This research was funded by SEP-PROMEP
(UDG-CA-805 and UDG-PTC-1149) and UDG-PROSNI to Juan
Manuel Guzman-Flores.

@ Springer

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The research protocol was approved by the local eth-
ics committee, with the official number: CUA/CEI/004/2018; the study
was performed following the Declaration of Helsinki.

Informed consent Informed consent was obtained from all parents or
guardians of the participants included in this study.

References

1. Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA, Ramos-
Gomez F, et al. Dental caries. Nat Rev Dis Primers. 2017;3:17030.

2. Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJL,
Marcenes W. Global burden of untreated caries: a systematic
review and metaregression. J Dent Res. 2015;94:650-8.

3. Molina-Frechero N, Duran-Merino D, Castafieda-Castaneira
E, Juarez-Lopez MLA. Dental caries experience and its rela-
tion to oral hygiene in Mexican children. Gac Med Mex.
2015;151:485-90.

4. Salud S de (2019) SIVEPAB-Sistema de Vigilancia Epidemi-
olégica de Patologias Bucales [Internet]. gob.mx. https://www.
gob.mx/salud/acciones-y-programas/sivepab-sistema-de-vigil
ancia-epidemiologica-de-patologias-bucales. Accessed 17 Sep
2019.

5. Gonzalez-Muniesa P, Martinez-Gonzalez M-A, Hu FB, Després
J-P, Matsuzawa Y, Loos RJF, et al. Obesity. Nat Rev Dis Primers.
2017;3:17034.

6. Finkelstein EA, Khavjou OA, Thompson H, Trogdon JG, Pan L,
Sherry B, et al. Obesity and severe obesity forecasts through 2030.
Am J Prev Med. 2012;42:563-70.

7. Garrido-Miguel M, Cavero-Redondo I, Alvarez-Bueno C, Rod-
riguez-Artalejo F, Moreno LA, Ruiz JR, et al. Prevalence and
trends of overweight and obesity in European children from 1999
to 2016: a systematic review and meta-analysis. JAMA Pediatr.
2019;173:€192430.

8. Salazar-Preciado LL, Larrosa-Haro A, Chavez-Palencia C, Lizar-
raga-Corona E. Decreased anthropometric indicators of adiposity
in school children as an indicator of the nutritional transition in
Mexico. Rev Med Inst Mex Seguro Soc. 2017;55:150-5.

9. Hayden C, Bowler JO, Chambers S, Freeman R, Humphris G,
Richards D, et al. Obesity and dental caries in children: a system-
atic review and meta-analysis. Community Dent Oral Epidemiol.
2013;41:289-308.

10. Chen D, Zhi Q, Zhou Y, Tao Y, Wu L, Lin H. Association between
dental caries and BMI in children: a systematic review and meta-
analysis. Caries Res. 2018;52:230-45.

11. Vazquez-Nava F, Vazquez-Rodriguez EM, Saldivar-Gonzalez AH,
Lin-Ochoa D, Martinez-Perales GM, Joffre-Veldzquez VM. Asso-
ciation between obesity and dental caries in a group of preschool
children in Mexico. J Public Health Dent. 2010;70:124-30.

12. Guzman-Flores JM, Cortez-Espinosa N, Cortés-Garcia JD, Var-
gas-Morales JM, Catafio-Caiizalez YG, Rodriguez-Rivera JG,
et al. Expression of CD73 and A2A receptors in cells from sub-
jects with obesity and type 2 diabetes mellitus. Immunobiology.
2015;220:976-84.

13. Singer K, Lumeng CN. The initiation of metabolic inflammation
in childhood obesity. J Clin Invest. 2017;127:65-73.


http://www.gob.mx/salud/acciones-y-programas/sivepab-sistema-de-vigilancia-epidemiologica-de-patologias-bucales
http://www.gob.mx/salud/acciones-y-programas/sivepab-sistema-de-vigilancia-epidemiologica-de-patologias-bucales
http://www.gob.mx/salud/acciones-y-programas/sivepab-sistema-de-vigilancia-epidemiologica-de-patologias-bucales

Odontology (2021) 109:11-17

17

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Meyle J, Dommisch H, Groeger S, Giacaman RA, Costalonga M,
Herzberg M. The innate host response in caries and periodontitis.
J Clin Periodontol. 2017;44:1215-25.

Hahn C-L, Liewehr FR. Innate immune responses of the dental
pulp to caries. J Endod. 2007;33:643-51.

Ribeiro CCC, de Pachéco C, Costa EL, Ladeira LLC, Costa JF,
da Silva RA, et al. Proinflammatory cytokines in early childhood
caries: Salivary analysis in the mother/children pair. Cytokine.
2018;107:113-7.

Elsalhy M, Azizieh F, Raghupathy R. Cytokines as diagnostic
markers of pulpal inflammation. Int Endod J. 2013;46:573-80.
Lima GQT, Brondani MA, da Silva AAM, Carmo CDS, da Silva
RA, Ribeiro CCC. Serum levels of proinflammatory cytokines are
high in early childhood caries. Cytokine. 2018;111(490):495.
Gornowicz A, Bielawska A, Bielawski K, Grabowska SZ,
Wojcicka A, Zalewska M, et al. Pro-inflammatory cytokines in
saliva of adolescents with dental caries disease. Ann Agric Envi-
ron Med. 2012;19:711-6.

Sharma V, Gupta N, Srivastava N, Rana V, Chandna P, Yadav
S, et al. Diagnostic potential of inflammatory biomarkers in
early childhood caries: a case control study. Clin Chim Acta.
2017;471:158-63.

Zhao A, Blackburn C, Chin J, Srinivasan M. Soluble toll like
receptor 2 (TLR-2) is increased in saliva of children with dental
caries. BMC Oral Health. 2014;14:108.

Seyedmajidi M, Khodadadi E, Maliji G, Zaghian M, Bijani A.
Neutrophil count and level of interleukin-1f and interleukin-8 in
the saliva of three to five year olds with and without dental caries.
J Dent (Tehran). 2015;12:662-8.

Zehnder M, Delaleu N, Du Y, Bickel M. Cytokine gene expres-
sion—part of host defence in pulpitis. Cytokine. 2003;22:84-8.
Abduljabbar T, Al-Sahaly F, Kellesarian SV, Kellesarian TV,
Al-Anazi M, Al-Khathami M, et al. Comparison of peri-implant
clinical and radiographic inflammatory parameters and whole sali-
vary destructive inflammatory cytokine profile among obese and
non-obese men. Cytokine. 2016;88:51-6.

Dogan GE, Toraman A, Sebin SO, Dogan C, Giingor A, Aksoy H,
et al. Salivary IL-6 and IL-10 levels in subjects with obesity and
gingivitis. Am J Dent. 2016;29:261-5.

Selvaraju V, Babu JR, Geetha T. Association of salivary C-reactive
protein with the obesity measures and markers in children. Diabe-
tes Metab Syndr Obes. 2019;12:1239-47.

Pirsean C, Negut C, Stefan-van Staden R-I, Dinu-Pirvu CE,
Armean P, Udeanu DI. The salivary levels of leptin and interleu-
kin-6 as potential inflammatory markers in children obesity. PLoS
ONE. 2019;14:¢0210288.

Kim C-S, Park H-S, Kawada T, Kim J-H, Lim D, Hubbard NE,
et al. Circulating levels of MCP-1 and IL-8 are elevated in human
obese subjects and associated with obesity-related parameters. Int
J Obes (Lond). 2006;30:1347-55.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tam CS, Garnett SP, Cowell CT, Heilbronn LK, Lee JW, Wong M,
et al. IL-6, IL-8 and IL-10 levels in healthy weight and overweight
children. Horm Res Paediatr. 2010;73:128-34.

Breslin WL, Johnston CA, Strohacker K, Carpenter KC, Davidson
TR, Moreno JP, et al. Obese Mexican American children have
elevated MCP-1, TNF-a, monocyte concentration, and dyslipi-
demia. Pediatrics. 2012;129:e1180-1186.

Roczniak W, Mikotajczak-Bedkowska A, Swictochowska E,
Ostrowska Z, Ziora K, Balcerowicz S, et al. Serum interleukin 15
in anorexia nervosa: comparison to normal weight and obese girls.
World J Biol Psychiatry. 2019;. https://doi.org/10.1080/15622
975.2019.1583370.

Hingorjo MR, Zehra S, Saleem S, Qureshi MA. Serum Interleu-
kin-15 and its relationship with adiposity Indices before and after
short-term endurance exercise. Pak J Med Sci. 2018;34:1125-31.
Jung C, Gerdes N, Fritzenwanger M, Figulla HR. Circulating lev-
els of interleukin-1 family cytokines in overweight adolescents.
Mediators Inflamm. 2010;2010:958403.

Fatima SS, Jamil Z, Abidi SH, Nadeem D, Bashir Z, Ansari
A. Interleukin-18 polymorphism as an inflammatory index in
metabolic syndrome: a preliminary study. World J Diabetes.
2017;8:304-10.

Ahmad R, Al-Mass A, Al-Ghawas D, Shareif N, Zghoul N, Mel-
hem M, et al. Interaction of osteopontin with IL-18 in obese
individuals: implications for insulin resistance. PLoS ONE.
2013;8:e63944.

Roa I, Del Sol M. Obesity, salivary glands and oral pathology.
Colomb Med. 2018;49:280-7.

Hartman M-L, Goodson JM, Barake R, Alsmadi O, Al-Mutawa S,
Ariga J, et al. Salivary biomarkers in pediatric metabolic disease
research. Pediatr Endocrinol Rev. 2016;13:602—11.

Carmo CDS, Ribeiro MRC, Teixeira JXP, Alves CMC, Franco
MM, Franca AKTC, et al. Added sugar consumption and chronic
oral disease burden among adolescents in Brazil. J Dent Res.
2018;97:508-14.

Chi DL, Luu M, Chu F. A scoping review of epidemiologic risk
factors for pediatric obesity: Implications for future childhood
obesity and dental caries prevention research. J Public Health
Dent. 2017;77(Suppl 1):S8-31.

Castagnola M, Scarano E, Passali GC, Messana I, Cabras T, lavar-
one F, et al. Salivary biomarkers and proteomics: future diagnostic
and clinical utilities. Acta Otorhinolaryngol Ital. 2017;37:94-101.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1080/15622975.2019.1583370
https://doi.org/10.1080/15622975.2019.1583370

	Alteration of cytokines in saliva of children with caries and obesity
	Abstract
	Introduction.
	Materials and methods
	Study design
	Clinical examinations
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




