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ABSTRACT

The relationship between the intensity of caries and mineral composition of oral fluid in adolescents in the Arctic zone of
Russia was investigated using the example of the Nenets Autonomous Okrug. This study included 171 healthy boys and girls
aged 15-17 years. The intensity of caries was assessed using the index caries + fillings + extracted permanent teeth and its
components. Unstimulated oral fluid was collected into sterile tubes. Sodium, potassium, magnesium, phosphorus, and total
and ionized calcium content and pH were examined in the oral fluid. Considering the pronounced right-sided asymmetry of the
components of the index caries + fillings + extracted permanent teeth, calculations were performed using Poisson regression
models. Results were presented as relative risks with 95% confidence intervals and as tests for trend. The prevalence of caries
in the sample population did not differ by sex and was 87.8% for boys and 93.3% for girls (p = 0.221). On average, 1.8 carious
teeth per person were detected in boys and 1.4 in girls (p = 0.021). No differences were found in the number of filled (p = 0.167)
and extracted (p = 0.981) teeth. Additionally, the total sodium content in oral fluid was directly proportional to the index of ca-
ries + fillings + extracted permanent teeth (p = 0.040) and number of carious teeth (p < 0.001). The total oral fluid calcium was
significantly associated with both the caries + fillings + extracted permanent teeth index (p = 0.019) and number of filled teeth
(p=10.001). Inverse relationships were found between the number of filled teeth and magnesium (p = 0.028) and phosphorus
(p = 0.037) content. The study showed the presence of statistically significant relationships between the mineral composition
of oral fluid and index of caries + fillings + extracted permanent teeth and its components. Thus, unfavorable living conditions
in the Arctic zone provide additional risk factors for the occurrence of dental diseases. The results of the study, if confirmed in
other populations, can be used to develop models for predicting the development and progression of caries in adolescents of
the Far North. Further studies of the mineral composition of oral fluid are required to obtain more complete clinical and labora-
tory data, considering confounding factors such as nutrition and type of filling material.
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AHHOTALIUA

OueHunBaeTca CBA3b MeX Y MHTEHCUBHOCTBIO Kapueca M MUHepasibHbIM COCTaBOM POTOBOW JKMAKOCTU Y MOAPOCTKOB B Ap-
KTuyeckoit 30He Poccuickoir Qepepaumm Ha npuMepe HeHeukoro aBTOHOMHoro okpyra. ObcneposaHbl 171 oTHoCH-
TENbHO 3[0pOBbIe HOHOWM M AeByWKKM B Bo3pacTe 15—17 net. NHTEHCMBHOCTL Kapueca OLEHMBaIM C MOMOLLbK MHAEKCa
Kapuec + nioMObl + yaaneHHble NOCTOSHHbIE 3y0bl U ero KOMMOHEHTOB. COop HECTUMYNIMPOBaHHOI POTOBOW XUAKOCTM MPO-
BOAMAM B CTEPUIIbHBIE MPOBUPKU. B pOTOBOM KMAKOCTM UCCNE0BaNM COAEPIKaHMe HaTpus, Kanus, Martus, docdopa, obuue-
0 M MOHM3UPOBAHHOTO KanbLs, a Takxke pH. YuuTbiBas BbipaXKeHHy0 NPaBOCTOPOHHIO aCUMMETPUI0 KOMMOHEHTOB MHAEKCA
Kapuec + nioM6bl + yaaneHHble NOCTOSHHbIE 3ybbl pacyeTbl MPOBOAMIM C UCMO/b30BAHWEM PErPecCUOHHBIX Moenei [yac-
COHa. PesynbraTbl NpeaCTaBsIM B BUAE OTHOCUTENbHBIX PUCKOB C 95 % [0BepuTENbHBIMM MHTEPBaNaMK, a TakkKe B BUAE
TECTOB ANA TpeHAa. BbisBneHo, YTo pacnpocTpaHeHHOCTb Kapueca B BbIGOPOYHOW COBOKYMHOCTW He pa3nuyanacb no nony
u coctaeuna 87,8 % y roHowen u 93,3 % y neywwek (p = 0,221). Y toHoLLeli B cpefiHEM Ha YenoBeKa bbino BoiseneHo 1,8 Ka-
puo3HbIX 3yba npotue 1,4 y pesywek (p = 0,021). Pasnnuuit B KonnuyecTse 3annoMbupoBaHHbIx (p = 0,167) 1 yaaneHHbIx
(p = 0,981) 3yboB He 0bHapyxeHO. YCTaHOBNEHO, YTO CofepKaHue 0BLLero HaTpus B POTOBOM XMAKOCTU Bbiio npsaMo npo-
MOPLMOHANBHO CBA3AHO C MHAEKCOM Kapuec + MoMObl + ynaneHHble NocTosiHHble 3ybbl (p = 0,040) 1 unCnOM KapMO3HbIX
3y60B (p < 0,001). 06LMiA KanbLymit POTOBOI XMAKOCTU Dbl 3HA4MMO CBA3AH KaK C MHAEKCOM Kapuec + NoMObl + yaaneHHble
nocTosHHbIe 3yobl (p = 0,019), TaK 1 ¢ KONMYECTBOM 3annoMoUpoBaHHbIX 3y6oB (p = 0,001). ObpaTHble cBA3M ObinKn BbISBNE-
Hbl MeXy KOJIMYeCTBOM 3anyioMbupoBaHHbIX 3y00B M coaep:kaHueM MarHus (p = 0,028) u docdopa (p = 0,037). B uenom
MPOBeLIEHHOE MCCNe0BaHME NOKA3an0 HannumMe CTaTUCTUUECKM 3HAYMMBIX CBA3EH MEX Y MUHEpabHBIM COCTaBOM POTOBOM
MUOKOCTU U MHAEKCOM Kapuec + NioMObl + yaaneHHble NOCTOSIHHbIE 3ybbl 1 ero KOMMNoHeHTaMu. TakuM o0bpasoM, Hebnaro-
NPUATHbIE YCIIOBUS MPOXMBAHUA B ApKTUYECKOW 30He 06YCNOBNMBAIOT AONONHUTENbHBIE (DaKTOPbl PUCKA BO3HMKHOBEHUS
CTOMATONOrM4eckux 3aboneBaHuin. PesynbTathl UcCnefoBaHUS MU UX NOATBEPKAEHUM B [PYTUX COBOKYMHOCTSX MOTYT UC-
nosb30BaTbCs ANs pa3paboTku Monenel NPOrHo3WpoBaHWs Pa3BUTUA U MPOrpPECCUpPOBaHNA Kapueca Yy nofapocTkoB Kpai-
Hero CeBepa. [lna nonydyeHus bonee nonHbIX KIMHUKO-NabopaTopHbIX AaHHbIX TpebyeTca npoBeaeHue bonee yraybneHHbIX
UccnefoBaHUi MUHEPANIBHOTO COCTaBa POTOBOM MWAKOCTH, C YYETOM CMELUMBAOLLMX (AKTOPOB, TaKUX KaK NUTaHWe U BUj
nnomMbupoBoYHOro MaTtepuana.

Kniouesble cnoBa: ApkTuka; KpaitHuin Ceep; cTomaTonornyeckue 3aboneBaHus; Kapuec; MUHepasbHbIi COCTaB POTOBOM
XUAKOCTH; MHAEKC Kapuec + NNoMObl + yaaneHHble NOCTOSHHbIE 3y6bl; HeHeLKMt aBTOHOMHbIN OKPYT; MOHOMMKA.
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BACKGROUND

Dental caries is a common health problem among
adolescents worldwide. It is more significant in the special
conditions of the Arctic zone of the Russian Federation (AZRF),
which are characterized by a harsh climate, underpopulated
areas, a significant proportion of small and indigenous
peoples in the population structure, the absence of a federal
transport system, high costs of living, and shortage of
medical personnel, which leads to difficulties in providing
dental care [1].

In adolescence, pubertal growth spurt occurs,
accompanied by hormonal changes and long-term
mineralization of bone tissue and teeth [2]. Owing to
the characteristics of traditional nutrition in remote areas
and body adaptive mechanisms, adolescents may have lower
calcium, phosphorus, potassium, and magnesium levels [3],
which also affects dental health.

In AZRF, adolescents have a high level of caries
prevalence, and the intensity varies widely from 2.5 in
Norilsk to 8.4 in Salekhard [4, 5]. The course of dental
caries is associated with several risk factors, including
limited access to dental services [6], low oral hygiene
awareness [7], a diet rich in carbohydrates and industrially
processed foods [8], and drinking water composition
[6, 91. Currently, besides the pathogenesis of dental caries,
close attention is paid to the ionomics of mixed saliva
(oral fluid) [10], which can be due to various reasons.
Homeostasis is maintained in the oral cavity by specific
composition of the oral fluid, which includes a certain
amount of trace elements, proteins, and immunoglobulins.
This composition is crucial in maintaining local immunity
and dental tissue mineralization [11]. Enamel, being on
the borderline of interaction with the external environment,
is exposed to various influences. Preservation of
the properties and structure of enamel is possible only
with a constant dynamic equilibrium of enamel with
oral fluid, implemented through the physicochemical
metabolism of sodium, potassium, calcium, phosphorus,
magnesium, bicarbonate, and other components. Thus,
a buffer equilibrium occurs and post-eruptive maturation of
the enamel and remineralization of tooth structures become
possible after their demineralization [12]. This is confirmed
by experiments using radioactive isotopes [13].

Literature data show varied results on the relationship
between the mineral composition of oral fluid and intensity
of caries. For example, it is known that calcium and
magnesium levels and an increase in the oral fluid pH
significantly affect the protection of hard dental tissues.
However, some studies have revealed weak relationships
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between the ionic composition of the oral fluid and level of
the caries + fillin g + extracted permanent teeth (CFE) index.
Nevertheless, results should be obtained carefully owing
to the peculiarities and differences in the methods of data
collection and processing [14, 15]. The heterogeneity of
published research results raises a serious need for high-
quality research in ionomics in different territories and age
groups. Such studies have not previously been conducted in
AZRF.

The study aimed to analyze the relationship between
the intensity of caries and mineral composition of oral fluid
in adolescents in AZRF, using the example of the Nenets
Autonomous District (NAD).

MATERIALS AND METHODS

As part of the state assignment no. 056-00121-18-00,
an observational, cross-sectional, one-stage examination of
171 adolescents (82 boys and 89 girls) aged 15-17 years,
permanently residing in the NAD, was performed. A sample
of participants was selected from secondary schools nos.
1 and 4 in Naryan-Mar (the administrative center of the NAD)
and schools in the Iskateley, Krasnoe, and Telviska villages.
Additionally, to include adolescents belonging to the category
of small and indigenous peoples of the North, students at
a boarding school in Naryan-Mar were included. These
children were born in remote rural areas with a lack of schools
and other conditions for learning; however, at the time of
the examination, they lived and studied in a boarding school
in the administrative center of the district. The examination
was conducted according to the methodology of the European
Bureau of the World Health Organization, 5™ edition [16].
The sample population included pediatric patients without
severe general somatic pathology and disability, studying at
the selected school and present in classes during the study
period. Voluntary informed consent was signed by all students
included in the sample. CFE index and its components were
used to assess the intensity of caries.

The participants were familiarized with instructions
for collecting oral fluid in advance. Unstimulated oral
fluid was collected in the dental office on an empty
stomach or with a fasting pause of at least 2 hours,
before the dental examination. Furthermore, drinking
water and other beverages, smoking, chewing gum, and
brushing the teeth were not allowed before the procedure.
To collect the material, 10 ml sterile graduated glass
tubes were used. The participant tilted his head down and
collected the fluid independently, while pressing the test
tube to his lower lip and pushing the accumulated oral
fluid into it with his tongue. After obtaining a sufficient
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amount of foam-free fluid, the material was distributed
by the researchers into four Eppendorf tubes using
sterile pipettes and immediately froze it at -20°C. Then,
the containers were transported in dry ice in cooler bags
by air to Arkhangelsk without defrosting. The material
was stored in refrigerators at -80°C. Saliva samples
were analyzed at the Central Research Laboratory of
the Northern State Medical University.

Oral fluid samples, after complete thawing, were
thoroughly mixed on a Micro-spin FV-2400 vortex (Biosan,
Latvia) and centrifuged at 10.000 rpm for 7 minutes on
a MiniSpin minicentrifuge (Eppendorf, Germany). Total
calcium, magnesium, and phosphorus in the resulting
supernatant were determined on a biochemical automatic
analyzer Random Access A-15 (Biosystems, Spain).
A calcium-arsenazo reagent (Biosystems, Spain) was
used to determine the level of total calcium in oral fluid.
A magnesium reagent (Biosystems, Spain) was utilized to
obtain the concentration of magnesium. The phosphorus
level was determined using phosphorus reagents
(Biosystems, Spain). lonized calcium, potassium, sodium,
and pH levels were determined by an ion-selective method
using an Easylyte Calcium Na/K/Ca/pH electrolyte analyzer
(Medica Corp., USA), using flow-through ion-selective
electrodes. The CFE index and its components were used
to assess the intensity of caries.

Data was statistically analyzed using the statistical
software package Stata v.18 (Stata Corp., Texas, USA).
Caries prevalence was presented as proportions with
95% confidence interval (Cl) calculated using Wilson's
method. The descriptive statistics for boys and girls were
presented separately. Comparisons of proportions were
made using the Pearson chi-square test. The CFE index and
its components were presented as arithmetic means (M)
with 95% CI. Considering that the distribution of the CFE
index and its components has a pronounced right-sided
asymmetry, a Poisson regression analysis was conducted.
The sodium, potassium, magnesium, phosphorus, ionized
calcium, and total calcium concentrations and pH levels
were presented as M (95% Cl) to ensure comparability with
those in other studies. Intergroup differences were assessed
using the nonparametric Mann — Whitney test. To level out
the effect of outliers and asymmetry, the concentrations of
all mineral components of oral fluid and pH were divided
into tertiles for the main analysis. The relationship between
the intensity of the caries process and tertiles of sodium,
potassium, magnesium, phosphorus, ionized calcium, and
total calcium concentrations and pH levels was examined
using Poisson regression analysis. The lower tertile,
corresponding to the lowest concentrations, was used
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as the reference category for all independent variables.
As a measure of effect, relative risk (RR) with a 95% Cl
was applied, indicating how many times the mean value
of the response variable (CFE, C, F, E) will be higher in
the second and third tertiles of each of the independent
variables compared to the reference category. To assess
the trend and increase sensitivity, regression analysis was
repeated with the introduction of tertiles by quantitative
variables. The analysis of statistical interactions did not reveal
a modifying effect of sex on the relationship between the pH
of the oral fluid, concentrations of the studied elements, and
CFE index components; hence, the analysis was performed
without stratification by sex, which significantly increased
the analysis sensitivity and reduced the probability of beta
errors.

The study was approved by the ethics committee of
the Northern State Medical University (protocol no. 08/11-18;
November 28, 2018).

RESULTS AND DISCUSSION

The prevalence of caries in the sample population did
not differ by sex and was 87.8% in boys and 93.3% in girls
(p = 0.221). On average, boys had 1.8 decayed teeth per
person versus 1.4 in girls (p = 0.021). No differences were
found in the number of filled (p = 0.167) and extracted
(p = 0.981) teeth. Table 1 presents the mean values and
95% Cls for sodium, potassium, magnesium, phosphorus,
and total and ionized calcium levels. Comparisons revealed
significant differences by sex only for potassium concentration
(p = 0.004).

The sodium level in oral fluid was directly proportional to
the CFE index (p = 0.040). A more pronounced relationship
was noted in the number of decayed teeth (p < 0.001).
Adolescents with oral sodium concentrations in the middle
and upper tertiles had 39% and 80% more decayed teeth,
respectively.

No statistically significant relationships were observed
between potassium level and CFE index or its components,
except a trend towards a decrease in the number of extracted
teeth with an increase in potassium concentration (p = 0.070).
Additionally, adolescents with the highest potassium level
in oral fluid had 2.4 times fewer teeth extracted than in
the reference group; however, the results did not reach
the level of significance.

Inversely proportional relationships were found between
magnesium level and the number of filled teeth (p = 0.028);
this amount in adolescents with the highest magnesium
concentrations was on average 22% less than in the reference
group. Moreover, in the same group, the CFE index was 16%
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Table. Means and 95% confidence intervals for concentrations of minerals in oral fluid among 15-17-year-old adolescents in Nenets

Autonomous Area, mmol/l

Tabnuua. Cpepnve apudmetndeckue (M) n 95 % [IW KoHUeHTpaumii MUHepanoB B poTOBOI uakocTh 15—17-neTHux noapocTkos B He-

HeLKOM aBTOHOMHOM OKpyre, MMOJIb/N

Indicator Bays birls p=
M 95% Cl M 95% CI
Sodium 12.6 12.1-13.1 11.8 11.5-12.2 0.280
Potassium 20.8 19.3-21.1 18.3 17.5-19.1 0.004
Magnesium 0.33 0.23-0.43 0.26 0.20-0.33 0.446
Phosphorus 3.94 3.65-4.24 3.63 3.37-3.88 0.286
lonized calcium 0.15 0.13-0.18 0.14 0.12-0.17 0.855
Total calcium 0.40 0.36-0.45 0.38 0.34-0.43 0.843

lower, whereas the test for trend did not reach the level of
significance (p = 0.054). Oral phosphorus levels were inversely
associated with the number of filled teeth (p = 0.037), and
adolescents with oral phosphorus levels in the middle and
upper tertiles had 27% and 19% fewer filled teeth than those
with the lowest concentrations of phosphorus in oral fluid.
Total oral fluid calcium was directly proportional to the CFE
index (p = 0.019) and number of filled teeth (p = 0.001).
Adolescents with the highest total calcium concentration in
the oral fluid had a 19% higher CFE index, which was due to
a higher (39%) number of filled teeth. Further, adolescents
with average total calcium concentrations (middle tertile) had
one-third fewer decayed teeth than those in the reference
group. No significant trends were noted for ionized calcium;
however, adolescents with average levels of ionized calcium
(middle tertile) had 54% higher levels of CFE because they
had 85% more filled teeth.

The trend between pH value and the number of decayed
teeth was expected (p = 0.067), and adolescents with
the highest pH levels had 25% fewer decayed teeth. However,
the results were not statistically significant.

Notably, a high level of caries prevalence is recorded
in NAD adolescents aged 15-17 vyears. Considering
the predominance of filled teeth in the structure of the CFE
index, adolescents receive the necessary dental care
through an organized visit to a dentist [9]. Girls may be more
motivated to maintain oral health than boys; thus, they have
fewer decayed teeth.

The dynamics of sodium and potassium in oral fluid
during the day is variable and depends on several factors,
namely, the time of day, food consumed, and regulation of
adaptive hormones when living in a harsh climate [17, 18].
Since the results were not corrected for these factors,
what exactly influenced the increase in potassium levels
in the boys could not be determined. Despite the absence

DAl https://doiorg/1017816/brmmaé 29464

of significant sex differences in the concentrations of
other studied ions, increased levels were registered in
boys compared to girls. This is due to the regulation
of sex hormones in boys [19]. Thus, the sodium and
potassium levels in the oral fluid may indirectly indicate
the functional state of adaptive hormones of the adrenal
cortex under the influence of various environmental factors
and state of the body, providing a response to changing
environmental conditions. The level of these minerals is
inversely proportional to the amount of corticosteroids and
catecholamines in the blood [18].

More decayed teeth when oral sodium levels
increase was probably due to several reasons. First is
the consumption of foods high in salt and flavor enhancers,
namely, crisps, snacks, fast food, and sausage products, in
adolescence [20, 21]. Excessive consumption of salty foods
causes a feeling of thirst, and according to some studies,
adolescents tend to replace clean drinking water with sweet
carbonated drinks, tea with sugar, and juices, which do not
normalize the water—salt balance [8]. These factors induce
a shift in the electrolyte balance and an increase in electrolyte
concentration.

Second, during adolescence, the hormonal system
develops, which affects the regulation of the salivary glands.
In the sympathotonic type, the rate of salivation was found
to be decreased, which may change the concentration of
cations [22]. Moreover, a decrease in the rate of salivation
creates a cariogenic situation in the oral cavity, along with
other factors.

Magnesium exhibits significant antibacterial efficiency by
disrupting the adhesion of microorganisms to the surface of
the teeth, and phosphorus promotes remineralization. This
presumably explains the lower number of filled teeth that is
caused by the fact that the teeth are more mineralized and
are exposed to caries less often.
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With redox balance in saliva, proteins are rich in proline,
and stearins bind to calcium, preventing its precipitation and
promoting formation and maintenance of the structure of
minerals in enamel [23]. During therapeutic dental treatment,
antioxidant system activity is disrupted and oxidative stress
occurs, which can lead to calcium level changes in the oral fluid.
For example, in children with a predominance of composite
fillings in their teeth, an increase in the reactive form of oxygen
was noted at 1.5 years from the moment of their inserting,
which reduced the level of calcium in the oral fluid [12]. In
contrast, in the presence of glass ionomer cement fillings in
teeth, redox balance is achieved 3 weeks after treatment [24].
As part of compulsory health insurance for children, fillings
made of glass ionomer cement are predominantly inserted in
teeth with unformed roots and chemically cured composites
in fully formed teeth. Our study did not consider the material
used to fill the teeth; therefore, which fillings in the oral
cavity prevail in NAD adolescents and whether their quality
could affect the calcium levels in the oral fluid could not
be determined. Clearly, the high content of some inorganic
components in the oral fluid of the sanitized oral cavity can
explain the maximum value of its pH level [25].

Research under conditions of the far north can
significantly contribute to the study of the dental health of
the young population of this region and make adjustments to
the development of preventive measures. The advantage of
the present study is the sufficient sample and international
method of examination, which is beneficial for qualitatively
interpreting data obtained. Additionally, the method of
collecting oral fluid, being noninvasive and relatively
informative, is preferable in children and adolescents. Oral
fluid indicates the state of the oral cavity homeostasis and
can characterize some features of the adolescent body. Data
processing was applied using modern biostatistical methods
to obtain the study results.

Factors that could hypothetically influence the course
of the study include violation by adolescents of
the conditions for collecting oral fluid (lack of a fasting
break or brushing their teeth), belonging to the indigenous
or alien inhabitants of the far north (this factor was not
considered during the study), and intake of vitamin and
mineral complexes that can affect the mineral composition
of oral fluid.

CONCLUSION

In the NAD, adolescents aged 15—17 years have a high level
of caries prevalence. Furthermore, statistically significant
connections were found between the mineral composition
of the oral fluid and CFE index and its components. Obtaining
more complete clinical and laboratory data requires more
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in-depth studies of the mineral composition of oral fluid,
considering confounding factors such as nutrition and type
of filling material.
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AOMO/THUTENNbHASA UHOOPMALIUA

Bknap, aBTopoB. Bce aBTOpbl BHECAM CYLLECTBEHHbIN
BKJTaf B Pa3paboTKy KOHLEeNUMM, NpoBeAEHWE NCCeL0BaHMS
¥ MOArOTOBKY CTaTbil, MPOYAM U 00bpUIM GUHambHy0 Bep-
CUI0 Nepeq nybnmnKaLmen.

Bknap kaxporo aetopa. MA. [opbatoBa — pa3paboTka
06LLel KoHLLenLyK, cbop 1 aHanM3 AaHHbIX, HanMcaHue CTaTbi;
TH. H0wMaHoBa — nnaHMpoBaHME M AM3aliH MUCCNedoBaHwA,
Hanvcanme ctatby; AA. CMakoBa — [y3alH vCCre[oBaHms,
Hanwcanme ctatbu; [.A. AHTOHOBa — cHOp AaHHbIX, HAanMCcaHWe
ctatbm; MA. MoumHKoBa — cbop [aHHbIX, HaNMcaHWe CTaTbu;
JUJ1. WarpoB — nabopaTopHbIi aHanm3 b1onornyeckoro Mare-
prana; 10.M. 3Be3anHa — NabopaTopHBI aHanM3 bromormye-
cKoro Matepuana;, H.M. MeunHkMHa — nabopatopHbIii aHanms
bronoriyeckoro Marepmana; AM. [pmnboBCKMIA — CTaTUCTU-
YECKWIA aHanM3 aHHbIX, HanMcaHue CTaTby.

KoHnunKT nHTepecoB. ABTOpLI AEKIAPUPYIOT QTCYTCTBME
ABHBIX M MOTEHLMANBHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX
C NybnMKaLMen HaCTOALLIEN CTaTbMy.
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WUcTouHnk dmHaHcupoBaHua. ABTopbl 3asBrAKOT 06 0T-
CYTCTBWW BHELUHEro GUHAHCMPOBaHWA MpU MPOBELEHUN WC-
Clef0BaHuA.
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