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Abstract: Pregnancy and diabetes increase the risk of developing pathologies in the oral cavity. Saliva bio-
markers can be used as diagnostic markers in the monitoring of dental diseases.
The study aimed to evaluate hard dental tissue health in pregnant women with two forms of diabetes and 
salivary antioxidant activity to identify optimal non-invasive caries risk factors.
The study involved 104 pregnant women: 35 patients with gestational diabetes mellitus (GDM), 30 patients 
with type 1 diabetes (T1D), and 39 pregnant patients without diabetes mellitus (control group). Physical 
examination included caries assessment using the dental DMFT index, caries frequency, SiC index, and 
dental treatment index. Oral hygiene was also assessed using the Approximal Plaque Index (API). The study 
of unstimulated saliva measured the total Ferric Reducing Ability of Plasma (FRAP), as well as the activity of 
superoxide dismutase (SOD), glutathione reductase (GR), and glutathione peroxidase (GPX).
In the analyzed patient population, caries frequency totalled 100%, with active tooth decay observed in 
72.12% of patients, whereas caries intensity was similar in the studied groups. In all groups, oral hygiene 
(API) was average. In T1D group, higher values of the API index (p = 0.001) were observed vs. the control 
group. Antioxidant activity was similar in the study groups. The independent determinants of caries occur-
rence included API (p = 0.002) and FRAP concentration (p = 0.02).
The health of dental hard tissues in the examined patients was unsatisfactory and similar in the studied 
groups. FRAP concentration and oral hygiene (API) functioned as determinants of caries.
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Introduction

Tooth decay is the most common chronic oral disease. It is a multifactorial, dynamic, biofilm-de-
pendent disease, modulated by diet, leading to the loss of minerals from hard dental tissues. It is 
conditioned by biological, behavioral, psychosocial, and environmental factors and is manifested 
with demineralization of inorganic substances followed by proteolysis of organic substances in 
dental hard tissues due to the impact of acids produced by bacteria in the dental plaque as a result 
of the metabolism of exogenous and endogenous sugars. This process leads to development of 
carious lesions. [1, 2]

Caries in pregnant women and pregnant women with diabetes is an important healthcare prob-
lem, as both pregnancy and diabetes can increase the risk of developing oral disorders. A change 
of eating habits during pregnancy can affect hard tissues of the teeth, leading to their decay. Usu-
ally, carbohydrate intake increases, as well as the frequency of meals and snacking between main 
meals. This is also accompanied by indigestion and vomiting often occurring in the first trimester, 
as well as gastroesophageal reflux later in pregnancy. Reduced buffering capacity and pH of the 
saliva, as well as reduced concentration of mineral compounds also contribute to lesions in dental 
hard tissues. [3] Sex hormones directly affect the hard tissues of teeth, as it has been shown that 
odontoblasts and endothelial cells in the pulp feature estrogen receptors. [4] Increase in salivary 
estrogen levels leads to enhanced proliferation and exfoliation of epithelial cells. This creates bet-
ter nutritional conditions for bacteria in the oral cavity with an increase in the cariogenic bacteria 
volumes. Estradiol is metabolized by caries-causing bacteria such as Streptococcus mutans and 
Streptococcus sanguis. Higher levels of salivary mucin contribute to the agglutination of these bac-
teria and enhanced plaque formation. [5]

In type 1 diabetes, higher incidence of caries may be related to such factors as reduced sali-
vary flow rate, increase in salivary glucose, and increase in salivary alpha-amylase associated with 
both glucose production and adhesion of cariogenic bacteria to the tooth surface. [6, 7] Some 
authors point to low incidence of caries in patients with type 1 diabetes due to the application of 
a diabetic diet. It involves absence of sucrose and thus results in reduced glucose production in 
the oral cavity. [8, 9] No significant progress in carious disease was observed in pregnant patients 
with gestational diabetes mellitus. [10] Some studies, however, indicate that gestational diabetes 
mellitus is associated with reduced levels of beneficial oral bacteria, such as Veillonella, which 
plays an important role in maintaining oral health and preventing tooth decay. Imbalance in the 
oral microbiome increases the risk of dental diseases, including dental caries, because pathogenic 
bacteria become more dominant. [11]

Saliva is secreted by the larger salivary glands such as the parotid, submandibular, sublin-
gual, and minor salivary glands. Under physiological conditions in adults, saliva is produced 
in volumes of about 500–600 ml per day, about half of which is resting saliva, while the rest 
is stimulated saliva produced in response to various stimuli. Saliva determines correct func-
tioning of the bite apparatus, protects the surface of teeth and the oral mucosa, participates in 
the perception of taste, temperature and touch, facilitates speech, as well as bite formation and 
swallowing. The main component of saliva is water, which accounts for about 95–99% of its 
volume, with the remaining part formed of organic and inorganic components. [12] Saliva is 
a reservoir of calcium and phosphates, and is saturated with hydroxyapatite, which minimizes 
demineralization processes on the tooth surface and promotes remineralization. The anti-car-
ies effect of saliva also involves dilution and neutralization of food acids and biofilm bacteria 
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metabolic products. It also has antioxidative properties, which is of significance in protection 
against tooth decay. [13] 

In the healthy body, oxidative and reducing processes remain in balance. Predominance of 
oxidation processes leads to an uncontrolled increase in reactive oxygen species due to their over-
production or failure of the body’s defense mechanisms. Such a situation is referred to as oxidative 
stress. This causes damage to many biological structures as well as disruption of processes taking 
place in the body. Oxidative stress accompanies inflammation and affects its development, also 
playing a major role in the pathogenesis of many diseases. Oxidative processes are prevented, 
among others, by antioxidants forming part of the body’s immunological mechanisms. The anti-
oxidant properties of saliva ensure balance among free radicals, thus significantly contributing to 
protecting the oral cavity. Salivary antioxidants include enzymatic and non-enzymatic systems. 
Glutathione peroxidase, catalase, and superoxide dismutase (SOD) are examples of enzymatic sys-
tems, whereas the non-enzymatic antioxidant system includes uric acid and glutathione, together 
creating the Total Antioxidant Capacity (TAC). [14]

In patients with caries, some biomarkers of oxidative damage were found, as well as changes in 
the parameters of the antioxidant defense system. [13] Tooth decay is not only a bacterial disease, 
but it is also host-dependent with factors including the oxidative–reductive balance in the oral 
cavity. Biomarkers of oxidative damage are elevated in individuals with tooth decay, reflecting 
an imbalance between free radicals and the antioxidant defense system in the saliva. This can 
affect the progression of tooth decay by promoting tissue damage and altering local immune 
responses. [15] There are many salivary molecules changes in concentration or activity of which 
may prove useful for detecting oral diseases or monitoring response to treatment. Measuring the 
activity of oxidative stress biomarkers and antioxidants in saliva can potentially serve as a diag-
nostic or prognostic tool to assess the risk or activity of dental caries. [16]

The present study was aimed to assess the health of dental hard tissues in pregnant women in 
the context of two different forms of diabetes. Furthermore, the study was to assess the antiox-
idant activity in saliva in order to determine the optimal, non-invasive factors conditioning the 
development of caries.

Materials and Methods

The patients were recruited among pregnant women diagnosed with diabetes and treated at 
the Metabolic Diseases Department of the Jagiellonian University Medical College in Krakow. 
During the same period, control group sample were recruited among pregnant women with-
out diabetes at the Department of Gynecology and Obstetrics of the Jagiellonian University 
Medical College. Patients were eligible if they: (1) gave the informed consent; (2) were over 18 
years of age; and (3) were in the 3rd trimester of pregnancy. Diagnosis of gestational diabetes 
mellitus (GDM) or type 1 diabetes (T1D) was made by the attending physician in accordance 
with the guidelines of the Polish Diabetes Association (Diabetes Poland). The patients were 
excluded if: (1) they did not give informed consent; (2) they had other types of diabetes melli-
tus; (3) they were diagnosed with other metabolic diseases affecting carbohydrate metabolism; 
The study protocol was in compliance with the ethical guidelines of the Helsinki Declaration of 
1975 and was approved by the Ethics Committee of the Jagiellonian University Medical College 
(KBET/270/B/2013). Informed consent was obtained from each patient prior to enrolment in 
the study.
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Medical history was collected from each patient on the basis of their medical records, an oral 
examination was performed, and saliva samples were collected at the same time. The medical his-
tory data collected included information on comorbidities, history of diabetes, current glycemia, 
family history of diabetes, the presence and type of oral symptoms, and the frequency of visits to 
the dentist.

A dentist with long experience conducted an oral examination on each patient. The examina-
tion was performed using a dental mirror (Pol-Intech, Łódź, Poland) and a single-sided Mifam 
type dental probe (ZG-1; Pol-Intech, Łódź, Poland). The oral examination included caries and oral 
hygiene assessment.

Tooth decay was assessed using the DMFT index. It is an indicator of the intensity of the cari-
ous process and consists in assessing the components: teeth with decay or temporary filling (D), 
teeth missing or extracted due to decay (M), teeth filled due to decay (F), and then summing up 
the individual components. 

Caries frequency, i.e., the percentage of people with the DMFT index >0, was also assayed.
Next, SiC index (Significant Caries Index) was determined, namely the average DMFT value 

calculated for 1/3 of patients with the highest DMFT values in the study group.
The dental treatment index was established, expressed as the ratio of the number of filled teeth 

to the sum of filled teeth and teeth with decay. [17]
Oral hygiene was also evaluated using the Approximal Plaque Index (API). This index was 

expressed as a percentage and defined as the number of interdental spaces with plaque divided by 
the number of all assessed spaces. In quadrants I and III, the study was conducted from the lingual 
side, while in quadrants II and IV, the study was conducted from the buccal side. [18]

Two 1 ml samples of unstimulated saliva were collected from each patient. Sampling was per-
formed between 8:00 a.m. and 11:00 a.m., at least 1 hour after the last meal and before the dental 
examination. Calibrated tubes were filled with saliva flowing freely from the mouth. The samples 
were immediately centrifuged at 10,000 g for 5 minutes at 4°C, then frozen and stored at −80°C 
until the end of the sampling period; they were thawed immediately prior to testing.

The analysis involved an assessment of Total Antioxidant Capacity (TAC), extracellular SOD 
activity, GR activity, and GPX activity. SOD activity was measured using the Misra and Fridovich 
method. [19] Total Antioxidant Capacity was measured using the Benzie and Strain Ferric Reduc-
tion Ability of Plasma (FRAP) method. [20] A modified Goldberg method was used to measure 
GR activity. [21] GPX activity was measured using the method described by Paglia and Valen-
tine. [22] Antioxidant analysis was performed using the ELx808 Absorbance Microplate Reader 
(BioTek Instruments). The measurements were conducted at the Department of Diagnostics, De-
partment of Clinical Biochemistry, Jagiellonian University Medical College in Krakow.

Statistical analysis was conducted using the STATISTICA PL data analysis software, version 9.1 
(StatSoft Polska, Kraków, Poland), and the MedCalc® software, version 8.1.1.0 (https://www.med-
calc.org/). Continuous variables have been presented as median and interquartile range (IQR), 
while categorical variables as number and percentage (n,%). The parameters were compared 
between patients with gestational diabetes mellitus, type 1 diabetes, and the control group. The 
Kruskal-Wallis test and post-hoc analysis were applied to compare continuous variables. For di-
chotomous variables, the χ² test was used. The stepwise logistic regression model was applied to 
assess the factors determining tooth decay. The accounted variables featured p-value <0.20. The 
results have been presented with odds ratios (OR) and confidence intervals (CI). The significance 
level was set at p <0.05. 

https://www.medcalc.org/
https://www.medcalc.org/
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Results

Group description

The study involved 104 pregnant patients, including 35 patients with gestational diabetes mel-
litus (GDM), 30 patients with type 1 diabetes (T1D), and 39 pregnant patients without diabetes 
mellitus (control group). Pregnant women in each group did not differ in terms of age, height, 
pre-pregnancy body weight, pre-pregnancy body mass index (BMI), body weight during preg-
nancy, incidence of GDM in a previous pregnancy, and diabetes in the family. Hypothyroidism 
and Hashimoto’s thyroiditis were more frequent in patients with T1D vs. patients with GDM and 
the control group (11 (36.7%) vs. 4 (11.4%), respectively, p = 0.0200; 11 (36.7%) vs. 6 (15.4%), 
p = 0.0001; and 10 (33.3%) vs. 1 (2.9%), p = 0.0010; 10 (33.3%) vs. 0 (0%), p = 0.0400). No dif-
ferences were recorded among the groups regarding incidence of other diseases. Fasting plasma 
glucose (FPG, mmol/L) was the highest in T1D patients, lower in GDM patients, and lowest in the 
control group (6.22 (5.16–7.55) vs. 4.77 (4.50–5.16) vs. 4.34 (4.14–4.82), respectively; p <0.0001). 
HbA1c hemoglobin level in T1D patients amounted to 5.75% (5.10–6.10%). Detailed data have 
been presented in Table 1.

Table 1. Group data upon enrolment in the study.

Variable Total Control 
group GDM T1D p

Number
[n] 104 39 35 30

Anthropometric data
Age
[years]

31.0
(28.0‒33.0)

30.0
(26.0‒33.0)

32.0
(29.0‒34.0)

31.0
(28.0‒33.0) 0.39

Height
[cm]

165.0
(161.0‒170.0)

165.0
(162.0‒169.0)

164,0
(160.0‒168.0)

167.5
(163.0‒170.0) 0.12

Body weight before pregnancy
[kg]

63.0
(56.5‒69.0)

62.0
(57.0‒65.0)

65.0
(56.0‒74.0)

61.5
(54.5‒73.0) 0.49

BMI before pregnancy
[kg/m2]

22.7
(21.6‒25.2)

22.8
(21.8‒23.6)

23.8
(21.6‒27.5)

22.2
(20.8‒25.9) 0.17

Body weight during pregnancy
[kg]

73.6
(68.0‒82.2)

73.6
(69.6‒80.5)

74.5
(65.5‒85.5)

73.5
(68.0‒85.8) 0.90

Examination
Prior gestational diabetes mellitus
n (%) 8 (7.7) 2 (5.1) 5 (14.3) 1 (3.3) 0.19

Prevalence of diabetes in family
n (%) 50 (48.2) 16 (41.0) 18 (51.4) 16 (53.3) 0.53

Hypothyroidism
n (%) 21 (20.2) 6 (15.4)* 4 (11.4)† 11 (36.7)* 0.03

Hashimoto’ disease
n (%) 11 (10.6) 0 (0)* 1 (2.9)† 10 (33.3)* 0.0001
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Table 1. Cont.

Variable Total Control 
group GDM T1D p

Hypothyroidism diagnosed 
during pregnancy
n (%)

6 (5.8) 0 (0) 2 (5.7) 4 (13.3) 0.06

Hypertension
n (%) 3 (2.9) 1 (2.6) 2 (5.7) 0 (0) 0.39

Hypertension diagnosed during 
pregnancy
n (%)

7 (6.7) 3 (7.7) 3 (8.6) 1 (3.3) 0.67

Intrahepatic cholestasis of 
pregnancy
n (%)

3 (2.9) 3 (7.7) 0 (0) 0 (0) 0.09

Migraine
n (%) 1 (1) 0 (0) 1 (2.9) 0 (0) 0.37

Laboratory tests
Fasting plasma glucose level 
[mmol/l]

4.82
(4.32–5.39)

4.34
(4.14–4.82)

4.77
(4.5–5.16)*†

6.22
(5.16–7.55)* <0.0001

* p <0.05 vs. control group.
† p <0.05 between the groups of patients with type 1 diabetes and gestational diabetes mellitus.
Abbreviations used in the table: BMI — body mass index, T1D — type 1 diabetes, GDM — gestational dia-
betes mellitus, p — test probability.

Dental history

The most common oral ailment reported by patients during pregnancy was increased gingival 
bleeding, both spontaneous and provoked. It occurred with equal frequency in the study groups 
(p = 0.31) and concerned a total of 50 patients (48.1%), including 19 (54.3%) with GDM, 16 
(53.3%) with T1D, and 15 (38.5%) from the control group. Other complaints included tooth and 
gum hypersensitivity, which affected a total of 14 (13.5%) patients, and bad breath reported by 
2 (1.9%) pregnant women. The incidence of reported complaints was similar in all groups. The 
results have been presented in Table 2.

The frequency of visits to the dental office was similar in all groups (p = 0.44). Most pregnant 
women reported that they visit regularly, more than once per year. There were 23 such patients 
in the GDM group (65.71%), 13 in the T1D group (43.33%), and 21 such patients in the control 
group (53.85%). Also, a large number of pregnant women visited dentist once per year. 

Assessment of tooth decay and oral hygiene

When assessing tooth decay, it was observed that the occurrence of caries, teeth extracted due to 
tooth decay, or the presence or absence of fillings were similar in all the study groups. The active 
tooth decay process occurred in 75 patients (72.12%), whereas 29 (27.88%) of them were free of 
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caries. In the control group, caries-related cavities were observed in 28 (71.79%) patients vs. 27 
(77.14%) in the GDM group vs. 20 (66.66%) in the T1D group. Teeth extracted due to decay were 
recorded in exactly half of pregnant women: 52 (50%). There were 18 (46.15%) such patients in 
the control group, 19 (54.29%) in the GDM group, and 15 (50%) in the T1D group. Fillings were 
present in 100 (96.15%) patients, with only 4 women (3.85%) never treated conservatively for 
caries. In the control group, fillings were found in 38 (97.44%) patients vs. 34 (97.14%) the GDM 
group vs. 28 (93.33%) in the T1D group.

The average number of teeth with decay (D), missing/extracted due to decay (M) and filled (F) 
did not differ significantly among groups (p = 0.11; p = 0.78; p = 0.06, respectively). The minimum 
and maximum D values were 0 and 16; M values: 0 and 14, and F values: 0 and 20, respectively.

Caries frequency in the studied patient population totalled 100%, which indicates that all preg-
nant women examined were previously or currently affected by tooth decay. The mean DMFT 
score among the participants (caries intensity) was calculated as 15.1 (SD = 5.02) and ranged from 
4 to 30. For the control group, mean DMFT value was 14.8 (SD = 4.0.9) vs. 14.1 (SD = 4.84) in the 
GDM group vs. 16.7 (SD = 6.0) in the T1D group. The median of DMFT values for the entire study 
group was set at 15 (11.5–18), whereas median DMFT values in individual groups were as follows: 
14 (10–19) for GDM, 17 (12–22) for T1D, and 16 (12–18) for the control group. Statistical analysis 
did not reveal any significant differences among the groups (p = 0.1).

The SiC index (Significant Caries Index), being the mean DMFT value in 1/3 of patients with 
the highest values of the index, totalled 17 for the entire population. SiC values in individual 
groups were similar: 17 in the control group, 16 in the GDM group, and 18 in the T1D group. The 
mean caries treatment index amounted to 0.86 (range: 0.57–1.00).

In pregnant women with T1D, higher values of the API index (p = 0.001) were observed vs. 
the control group. In the group of patients with GDM, there were no statistically significant differ-
ences in the oral hygiene compared to the control group. In all groups, the mean API index value 
pointed to average oral hygiene.

Index values in individual study groups have been presented in Table 3.
When analyzing the prevalence of caries in individual groups of patients, a positive correlation 

was found between the advancement of caries measured with the D value and the HbA1c level 
(R = 0.41, p = 0.02). Because the HbA1c assay was available for patients with T1D, the correlation 
was found only in this group (Fig. 1). In the case of M, F, and DMFT values, no such correlation 
has been evidenced. 

Table 2. Dental history data.

Variable Total Control group GDM T1D p
Increased gingival bleeding 
n (%) 50 (48.1) 15 (38.5) 19 (54.3) 16 (53.3) 0.31

Tooth and gum hypersensitivity 
n (%) 14 (13.5) 6 (15.4) 3 (8.6) 5 (16.7) 0.58

Bad breath 
n (%) 2 (1.9) 1 (2.6) 0 (0.0) 1 (3.3) 0.58

Abbreviations used in the table: T1D — type 1 diabetes, GDM — gestational diabetes mellitus, 
p — test probability.
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Fig. 1. Correlation between the number of carious cavities D (X axis) and the HbA1c level (Y axis) in patients 
with Type 1 DM.
X axis — number of tooth decay lesions
Y axis — HbA1c level
Line — correlation curve

Table 3. Tooth decay and oral hygiene assessment in the studied population of pregnant patients.

Variable Total Control group GDM T1D p
D 2 (0‒5) 2 (0‒5) 3 (1‒6) 2 (0‒4) 0.11
M 0.5 (0‒2.5) 0 (0‒2) 1 (0‒3) 0.5 (0‒3) 0.78
F 11.5 (7‒14) 12 (7‒15) 8 (6‒12) 12.5 (7‒16) 0.06
DMFT 15 (11.5‒18) 16 (12‒18) 14 (10‒19) 17 (12‒22) 0.1
Caries intensity 15.1 14.8 14.1 16.7 0.1
Caries dental  
treatment index

0.86
(0.57‒1)

0.88
(0.58‒1)

0.75
(0.46‒0.93)

0.87
(0.71‒1) 0.64

API
(%)

50 
(38‒79)

46
(31–64)

50 
(39‒66)

69 
(44‒97)* 0.03

*p <0.05 vs. control group (values given in the text)
Abbreviations used in the table: T1D — type 1 diabetes, GDM — gestational diabetes mellitus, D — number 
of teeth with decay, p — test probability, M — number of teeth extracted due to decay, F — number of teeth 
filled due to decay, DMFT — caries intensity index.
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Selected antioxidant levels in non-stimulated saliva

In all patients, total ferric reducing ability of plasma (FRAP) and the activity of extracellular su-
peroxide dismutase (SOD), glutathione peroxidase (GP), and glutathione reductase (GR) were 
assayed.

In the groups studied, the above-mentioned parameters remained at a similar level. Detailed 
concentrations of salivary antioxidants assayed have been presented in Table 4.

Table 4. Selected salivary antioxidants levels in the study groups.

Variable Total Control group GDM T1D p

FRAP 
[mmol/l]

0.42
(0.32‒0.53)

0.41
(0.33‒0.55)

0.42
(0.3‒0.51)

0.43
(0.28‒0.56) 0.97

Glutathione reductase 
[U/l]

9.85
(5.4‒14.2)

11.5
(5.7‒16.4)

10.3
(6.2‒15.8)

7.9
(4.7‒10.7) 0.22

Glutathione peroxidase 
[U/ml]

29.25
(14.5‒71.35)

37.2
(15.1–67)

25.8
(11.7‒71.0)

27.1
(19.1‒96.3) 0.78

Superoxide dismutase
[U/ml]

12.8
(10.65‒15.7)

14.1
(10.9‒17.7)

12.5
(9.5‒14.2)

12.55
(10.6‒15.3) 0.38

Abbreviations used in the table: T1D — type 1 diabetes, FRAP — Ferric Reducing Ability of Plasma,  
GDM — gestational diabetes mellitus, p — test probability.

The assessment of factors determining the occurrence of tooth decay was performed using 
the (stepwise) logistic regression models. When selecting determinants, variables accounted for 
included oral hygiene (measured with API), selected salivary antioxidant levels (FRAP, dismutase, 
peroxidase, reductase), diagnosed diabetes, hypothyroidism, and the patient’s age. In the regres-
sion model, variables with p <0.2 were taken into account in the subsequent steps. Variables with 
p ≥0.2 were excluded from the model. Variables with p <0.05 were considered significant deter-
minants.

In the logistic regression model (p <0.0001), the determinants of caries included API (OR = 1.03; 
95% CI: 1.01–1.06; p = 0.002) and FRAP concentration (OR = 33.2; 95% CI: 1.74– 637.0; p = 0.02). 
Each increase in FRAP concentration by 1 mmol/L increases the odds of developing caries by 33 
times, regardless of oral hygiene (an increase in API by 1% independently increases these odds 
by 3%). The results have been presented in Table 5. 

Table 5. Logistic regression model.

Variable OR 95% CI p
API 1.03 1.01–1.06 0.002

FRAP 33.2 1.74–637.0 0.02

Abbreviations used in the table: API — Approximal Plaque Index, FRAP — Ferric Reducing Ability of Plas-
ma, OR — odds ratio, p — test probability, CI — confidence interval.
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Discussion

In the study, patients did not differ in the incidence of oral complaints or the frequency of visits 
to the dentist. The main reported complaints involved gingival bleeding and hypersensitivity of 
teeth and gums. An imbalance between the bacterial plaque activity and the body’s defense reac-
tions in pregnant women can lead to gestational gingivitis, manifested with redness, hyperplasia, 
and swelling of the papillae and marginal gingiva with associated bleeding while brushing. [23] 
Also, according to some authors, gingivitis may be more frequent and more severe in patients 
with type 1 diabetes. The intensity of periodontal lesions is associated with the duration of diabe-
tes. [24] Most patients reported regular visits at the dental office once per year or more frequently. 
The patients declared that, since they became pregnant, the frequency of visits increased. This may 
be related to the growing patient awareness of the need to take care of their own health in such 
a special period as pregnancy, as well as the position of the Working Group on Dental Prevention 
in Pregnant Women of the Polish Chapter of the Alliance for a Cavity-Free Future, which recom-
mends at least two dental consultations during pregnancy. [25, 26]

Active tooth decay process occurred in 72.12% of patients with caries frequency hitting 100%, 
which points to high prevalence of caries in the studied population. The values of the analyzed 
tooth decay indicators (D, M, F, DMFT, SiC, and treatment index) were comparable among the 
study groups, which indicates a similar level of tooth decay occurrence and severity regardless of 
GDM or T1D. Also López-Pérez et al., when examining pregnant patients with type 2 diabetes, 
gestational diabetes mellitus, and those without diabetes, evidenced that they recorded a similar 
caries incidence with DMFT in all examined patients higher than 0. [10] In the conducted study, 
the highest values in all groups referred to the F numbers, which points to an intensive history of 
tooth decay, but also effective conservative treatment and control of caries lesions. Also, the values 
of the treatment index in the study groups point to a high level of benefiting from dental care and 
good availability of the services. Mean values of D — teeth with tooth decay, and especially M — 
teeth missing due to tooth decay achieved much lower values. The average D = 2 number indicates 
that the current disease activity is relatively high and requires dental intervention, particularly 
during pregnancy, or with additional complication of pregnancy with diabetes. In the studies by 
other authors, similar D-values were obtained, amounting to about 1.2–1.7 in pregnant women, 
which reflects a temporary increase in the risk of caries in the course of pregnancy, but at the same 
time suggests that, in most patients, the disease is controlled in a way owing to prior treatment and 
maintained access to dental care. [27, 28]

The study found that the incidence of tooth decay was higher in patients with higher HbA1c 
levels (r = 0.41, p = 0.02). Because the HbA1c assay was available for patients with T1D, the cor-
relation was found exclusively in this group. HbA1c is not titrated in pregnant women without 
diabetes. There is also no evidence of HbA1c being useful as a metabolic control monitoring tool 
in GDM. [29]

Several studies have shown that a higher incidence of caries was observed in adolescents with 
diabetes and higher HbA1c values compared to those with good metabolic control. This is espe-
cially true for patients with persistently elevated values of this parameter, i.e., with poorly con-
trolled diabetes. On the one hand, a decrease in the new tooth decay can be observed in the years 
following the diagnosis of the disease with appropriate metabolic control, but the long duration 
of the disease may contribute to an increase in caries intensity. [30, 31] According to a study by 
ElBshari et al., diabetes and poor glycemic control have either no effect on the risk of caries, or the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=López-Pérez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8693348
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impact is so low that it is masked by other known and more dominant risk factors, such as diet and 
obesity. [32] Also, in the studies by Tan et al., no significant correlations were found between the 
risk of tooth decay and HbA1c levels. [33] However, the above-mentioned studies were conducted 
in children or adolescents, and were based on the overall DMFT index, not only on the number 
of teeth with caries.

In all groups, the mean API index value pointed to average oral hygiene. In pregnant women 
with T1D, higher API values were observed vs. the control group. Pregnant women may expe-
rience a temporary deterioration in oral hygiene. This is associated with increased frequency of 
eating, frequent fatigue, nausea, vomiting and, in the final stage of pregnancy, also reflux, as well 
as greater susceptibility to gingivitis. [3]

In the study, the salivary antioxidant levels were similar in all groups. In diabetes, oxidative 
stress is mainly observed due to poor glycemic control, so it is likely that patients in the gestational 
diabetes mellitus and type 1 diabetes groups had diabetes under proper control. The analysis of the 
literature indicates a lack of clarity in the previous reports, which is related to the evident discrep-
ancy of the reported results. In studies comparing antioxidant levels in patients with gestational 
diabetes mellitus vs. pregnant women without diabetes, it was noted that the group with GDM 
did not show a significant difference in the total antioxidant capacity of saliva whereas all other 
antioxidant markers decreased compared to the healthy control group. [34] The literature also 
provides information that, in similar studies, the total antioxidant capacity of saliva increased [35] 
or decreased [36] in pregnant women with gestational diabetes mellitus compared to non-diabetic 
women. Discrepancies may result from differences in the methods of laboratory testing used and 
in the trimesters of pregnancy in which the tests were conducted.

Multifactorial analysis revealed that the variable determining the occurrence of tooth decay 
is the total Ferric Reducing Ability of Plasma (FRAP). Similar results were obtained by other au-
thors. In their studies, Hegde et al. showed that, in adults, an increase in total antioxidant capacity 
in saliva and plasma correlated with the DMFT value increase. The same author in other studies 
also evidenced an increase in total antioxidant capacity in patients with tooth decay in relation to 
the caries-free control group. [37, 38] Uberos et al. showed in their study that, in patients with car-
ies, total antioxidant capacity in saliva was 2.89 times greater than in patients without caries. [39] 
Similar results were also obtained in studies involving children and adolescents. [40, 41,  42]  
The authors used different methods to determine total antioxidant capacity, with Shaki, Silva and 
Mahjoub using the FRAP method, which has also been used in current research. Regardless of the 
method applied, the results were similar. Oxidative stress can initiate and participate in the pro-
gression of many inflammatory and infectious diseases, such as caries. The development of caries 
correlates with changes in salivary oxidative biochemistry, including an increase in lipid peroxi-
dation and total antioxidant capacity in chronic carious lesions. After treatment of carious lesions, 
however, a decrease in lipid peroxidation is observed. Saliva may be the first line of defense against 
harmful effects of oxidative stress in oral diseases. The increase in total antioxidant capacity in 
saliva in people with tooth decay may point to a compensatory mechanism against free radicals. 
[40, 43] In the study conducted, the activity of other antioxidants did not affect caries occurrence. 
According to some authors, the activity of superoxide dismutase was increased in patients with 
caries compared to the control group without caries. [44, 45] The proposed multivariate regres-
sion model did not, however, confirm these reports.

Tooth decay was also affected by oral hygiene measured with API. This is not a surprising 
result, as the presence of plaque is a documented factor involved in the development of caries. 
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Dental biofilm determines the initiation and progression of demineralization lesions. In the oral 
cavity, especially in conditions of impaired hygiene, excessive growth of cariogenic bacteria occurs 
with predominance of Streptococcus mutans, Streptococcus sobrinus, as well as acidophilic and 
acid-forming bacteria such as Lactobacillus spp. The bacterial biofilm metabolizes carbohydrates, 
leading to the formation of organic acids which initiate the process of enamel demineralization 
through calcium ions and phosphates being washed out of its structure. Prolonged persistence 
of biofilm in an acidic environment shifts the balance towards more acid-forming bacteria and 
reduces the ability of saliva to neutralize acids. [46] 

The effect of diabetes on the presence of caries has not been demonstrated. Gestational diabetes 
mellitus is one of the most common metabolic complications of pregnancy. [47] According to the 
data from the literature, no increased tooth decay intensity was observed in pregnant patients 
with gestational diabetes mellitus vs. healthy pregnant patients. [10] According to some reports 
regarding type 1 diabetes, high concentrations of glucose in the saliva and secretions of the gin-
gival pockets, as well as reduced salivation, lower pH, and increased density, as well as frequent 
meals contribute to the development of tooth decay in patients. [48, 49] Other reports indicate 
that dietary restrictions excluding simple carbohydrates lead to lower incidence of caries in such 
patients. [50] Caries intensity may also depend on HbA1c levels. The regression model did not 
account for HbA1c level because the data were available exclusively for 30 patients with type 1 
diabetes, which would limit the possibility of conducting the analysis.

All the examined patients were of a similar age, so it is not surprising that age was not decisive 
for the incidence of caries.

Hypothyroidism did not affect caries incidence in the study population either. Reports from the 
literature are unclear. Venkatesh et al. showed that, in children with hypothyroidism, slightly higher 
values of the DMFT index were observed but these differences were not statistically significant. [51] 
Some studies conducted on extracted teeth in patients with hypothyroidism point to structural 
changes in them within the enamel, dentin, and cementum, both healthy and decayed teeth. [52]

The conducted study has some limitations. One of these involves the inability to perform tooth 
decay assay on the basis of dental x-ray imaging. X-rays during pregnancy are subject to medical 
restrictions, except in the most urgent cases. Another limitation is that only a few saliva biomark-
ers were included in the study, which indicates the need for further research.

The health of hard dental tissues in the examined patients was unsatisfactory and similar in 
the studied groups. No correlation was found between FRAP and caries in pregnancy subgroups. 
The study showed that the total Ferric Reducing Ability of Plasma (FRAP) and oral hygiene (API) 
functioned as determinants of caries.

Authors’ contributions

J.W. collected, interpreted the data and was a major contributor in writing the manuscript. 
B.K.-C., D.P.-G., K.G. were responsible for laboratory analyses. J.P.-P. was responsible for the 
final version of the manuscript and approved it for submission. All authors read and approved 
the final manuscript.

Funding

The authors declare that this study was not funded by any external sources.



17Total Ferric Reducing Ability of Plasma as an independent caries risk marker...

Conflict of interest

None declared.

References

  1.	 Machiulskiene V., Campus G., Carvalho J.C., et al.: Terminology of Dental Caries and Dental Caries 
Management: Consensus Report of a Workshop Organized by ORCA and Cariology Research Group of 
IADR. Caries Res. 2020; 54 (1): 7–14. doi: 10.1159/000503309.

  2.	 Fejerskov O.: Concepts of dental caries and their consequences for understanding the disease. Commu-
nity Dent Oral Epidemiol. 1997 Feb; 25 (1): 5–12.

  3.	 Cho G.J., Kim S.Y., Lee H.C., et al.: Association between dental caries and adverse pregnancy outcomes. 
Sci Rep. 2020; 10 (1): 5309. Published 2020 Mar 24. doi: 10.1038/s41598-020-62306-2.

  4.	 Wang Y., Lu Y., Li Z., et al.: Oestrogen receptor α regulates the odonto/osteogenic differentiation of 
stem cells from apical papilla via ERK and JNK MAPK pathways. Cell Prolif. 2018; 51 (6): e12485. doi: 
10.1111/cpr.12485.

  5.	 Yang R., Lu X., Alomeir N., Quataert S., Wu T., Xiao J.: Association between Salivary Hormones, Dental 
Caries, and Cariogenic Microorganisms during Pregnancy. J Clin Med. 2024; 13 (11): 3183. Published 
2024 May 29. doi: 10.3390/jcm13113183.

  6.	 Ferizi L., Dragidella F., Spahiu L., et al.: The influence of type 1 diabetes mellitus on dental caries and 
salivary composition. Int J Dent. 2018; 2018: 5780916. doi: 10.1155/2018/5780916.

  7.	 Savitha Priyadarsini S., Naveen Kumar P.G., Khairnar M.R., et al.: Salivary alpha amylase as a diagnostic 
biomarker for dental caries — A systematic review and meta analysis. Arch Oral Biol. 2025; 170: 106136. 
doi: 10.1016/j.archoralbio.2024.106136.

  8.	 Gupta V.K., Malhotra S., Sharma V., et al.: The influence of insulin-dependent diabetes mellitus on den-
tal caries and salivary flow. Int J Chronic Dis. 2014; 2014: 790898. doi: 10.1155/2014/790898.

  9.	 Bolgu Èl B.S., Celenk S., Ayna B.E., et al.: Evaluation of caries risk factors and effects of a fluoride-releas-
ing adhesive material in children with insulin-dependent diabetes mellitus (IDDM): initial first-year 
results. Acta Odontol Scand. 2004; 62 (5): 289–292. doi: 10.1080/00016350410001766.

10.	 López-Pérez R., Díaz-Romero R.M., Barranco-Jaubert A., Borges-Yáñez A., Avila-Rosas H.: Prevalence of 
dental caries, gingivitis and periodontal disease in pregnant diabetic women. Salud Publica Mex. 1996; 
38 (2): 101–109.

11.	 Song Q., Xiao B., Huang H., Ma L., Zhang J.V., Zhu Y.: Influences of gestational diabetes mellitus on the 
oral microbiota in offspring from birth to 1 month old. BMC Pregnancy Childbirth. 2022 Dec 1; 22 (1).

12.	 Nonaka T., Wong D.T.W.: Saliva Diagnostics. Annu Rev Anal Chem (Palo Alto Calif). 2022; 15 (1): 
107–121. doi: 10.1146/annurev-anchem-061020-123959.

13.	 de Sousa Né Y.G., Frazão D.R., Bittencourt L.O., et al.: Are Dental Caries Associated with Oxidative 
Stress in Saliva in Children and Adolescents? A Systematic Review. Metabolites. 2022; 12 (9): 858. Pub-
lished 2022 Sep 13. doi: 10.3390/metabo12090858.

14.	 Martins J.R., Díaz-Fabregat B., Ramírez-Carmona W., Monteiro D.R., Pessan J.P., Antoniali C.: Salivary 
biomarkers of oxidative stress in children with dental caries: Systematic review and meta-analysis. Arch 
Oral Biol. 2022; 139: 105432. doi: 10.1016/j.archoralbio.2022.105432.

15.	 Birant S., İlisulu S.C., Ozcan H., Yanar K.: Examination of the effect of treatment of severe early child-
hood caries and fluoride varnish applications on salivary oxidative stress biomarkers and antioxidants. 
BMC Oral Health. 2024; 24 (1): 1536. Published 2024 Dec 21. doi: 10.1186/s12903-024-05185-7.

16.	 Zhou Y., Liu Z.: Saliva biomarkers in oral disease. Clin Chim Acta. 2023; 548: 117503. doi: 10.1016/j.
cca.2023.117503.

https://doi.org/10.1159/000503309
https://doi.org/10.1038/s41598-020-62306-2
https://doi.org/10.1111/cpr.12485
https://doi.org/10.1111/cpr.12485
https://doi.org/10.3390/jcm13113183
https://doi.org/10.1155/2018/5780916
https://doi.org/10.1016/j.archoralbio.2024.106136
https://doi.org/10.1155/2014/790898
https://doi.org/10.1080/00016350410001766
https://extranet.uj.edu.pl/pubmed/,DanaInfo=www.ncbi.nlm.nih.gov+?term=López-Pérez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8693348
https://extranet.uj.edu.pl/pubmed/,DanaInfo=www.ncbi.nlm.nih.gov+?term=Díaz-Romero%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=8693348
https://extranet.uj.edu.pl/pubmed/,DanaInfo=www.ncbi.nlm.nih.gov+?term=Barranco-Jaubert%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8693348
https://extranet.uj.edu.pl/pubmed/,DanaInfo=www.ncbi.nlm.nih.gov+?term=Borges-Yáñez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8693348
https://extranet.uj.edu.pl/pubmed/,DanaInfo=www.ncbi.nlm.nih.gov+?term=Avila-Rosas%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8693348
https://doi.org/10.1146/annurev-anchem-061020-123959
https://doi.org/10.3390/metabo12090858
https://doi.org/10.1016/j.archoralbio.2022.105432
https://doi.org/10.1186/s12903-024-05185-7
https://doi.org/10.1016/j.cca.2023.117503
https://doi.org/10.1016/j.cca.2023.117503


18 Joanna Waligóra, Beata Kuśnierz-Cabala, et al.

17.	 Broadbent J.M., Thomson W.M.: For debate: problems with the DMF index pertinent to dental car-
ies data analysis. Community Dent Oral Epidemiol. 2005; 33 (6): 400–409. doi: 10.1111/j.1600-
0528.2005.00259.x.

18.	 Wolf H.F., Rateitschak E.M., Rateitschak K.H. (Polish ed. Jańczuk Z.): Periodontologia. Lublin, Poland: 
Czelej; 2012: 67–73.

19.	 Greenwald R.A. (ed.): Handbook of Methods for Oxygen Radical Research. Boca Raton, FL: CRC Press; 
1985: 236.

20.	 Benzie I.F., Strain J.J.: The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: 
The FRAP assay. Anal Biochem. 1996; 239 (1): 70–76. doi: 10.1006/abio.1996.0292.

21.	 Goldberg D.M., Spooner R.J.: Assay of glutathione reductase. In: Bergmeyen H.V. (ed.) Methods of Enzy-
matic Analysis. 3rd ed. Vol. 3. Deerfield Beach, FL: Verlag Chemie; 1983: 258–265.

22.	 Paglia D.E., Valentine W.N.: Studies on the quantitative and qualitative characterization of erythrocyte 
glutathione peroxidase. J Lab Clin Med. 1967; 70 (1): 158–169. PMID: 6066618.

23.	 Pecci-Lloret M.P., Linares-Pérez C., Pecci-Lloret M.R., Rodríguez-Lozano F.J., Oñate-Sánchez R.E.: Oral 
Manifestations in Pregnant Women: A Systematic Review. J Clin Med. 2024; 13 (3): 707. Published 2024 
Jan 25. doi: 10.3390/jcm13030707.

24.	 Yilmaz D., Yilmaz N., Polat R., et al.: Salivary levels of hBDs in children and adolescents with type 1 
diabetes mellitus and gingivitis. Clin Oral Investig. 2022; 26 (7): 4897–4904. doi: 10.1007/s00784-022-
04457-2.

25.	 Pels E., Kobylińska A., Kukurba-Setkowicz M., Szulik A., Chałas R.: Profilaktyka stomatologiczna 
i postępowanie lecznicze u kobiet w ciąży. Stanowisko grupy roboczej ds. profilaktyki stomatologicznej 
u kobiet w ciąży Polskiego Oddziału Sojuszu dla Przyszłości Wolnej od Próchnicy. Nowa Stomatol. 
2018; 23 (4): 159–165. https://doi.org/10.25121/NS.2018.23.4.159.

26.	 Przeklasa-Bierowiec A., Jakubik A., Szczeklik K., Majewska I., Marcinek A., Pytko-Polończyk J.: Awareness 
of oral health prophylaxis in pregnant women. Folia Med Cracov. 2020; 60 (3): 99–112. doi: 10.24425/
fmc.2020.135799.

27.	 Msagati F.R., Mandari G.J., Simon E.N.M.: Dental caries status and treatment need among pregnant 
women attending antenatal clinics in Dar-Es-Salaam region, Tanzania. BMC Oral Health. 2024; 24 (1): 
1038. Published 2024 Sep 4. doi: 10.1186/s12903-024-04744-2.

28.	 Groisman S., de Soet J.J., Volgenant C.M.: The Prevalence and Severity of Dental Caries Among Pregnant 
Women in the State of Rio de Janeiro, Brazil. Matern Child Health J. 2023; 27: 2099–2104. https://doi.
org/10.1007/s10995-023-03682-9.

29.	 Polskie Towarzystwo Diabetologiczne. Zalecenia kliniczne dotyczące postępowania u osób z cukrzycą 
— 2025. Current topics in Diabetes. Official Journal of the Diabetes Poland. 2025; 5 (1).

30.	 Carneiro V.L., Fraiz F.C., Ferreira Fde M., Pintarelli T.P., Oliveira A.C., Boguszewski M.C.: The influence 
of glycemic control on the oral health of children and adolescents with diabetes mellitus type 1. Arch 
Endocrinol Metab. 2015; 59 (6): 535–540. doi: 10.1590/2359-3997000000117.

31.	 Lai S., Cagetti M.G., Cocco F., Cossellu D., Meloni G., Campus G., Lingstrom P.: Evaluation of the differ-
ence in caries experience in diabetic and non-diabetic children-a case control study. PLoS One. 2017; 
12 (11): e0188451.

32.	 ElBshari S., Afrooz I., Beck R.H., Watad R., Al-Qahtani N., Deeb A.: Dental caries in children and ad-
olescents with poorly-controlled diabetes: a case-control study. Front Oral Health. 2024; 5: 1401485. 
Published 2024 Jul 5. doi: 10.3389/froh.2024.1401485.

33.	 Tan L., Zhong M.M., Zhao Y.Q., et al.: Type 1 diabetes, glycemic traits, and risk of dental caries: a Men-
delian randomization study. Front Genet. 2023; 14: 1230113. Published 2023 Oct 10. doi: 10.3389/
fgene.2023.1230113.

34.	 Ahmadi-Motamayel F., Fathi S., Goodarzi M.T., Borzouei S., Poorolajal J., Barakian Y.: Comparison of 
Salivary Antioxidants and Oxidative Stress Status in Gestational Diabetes Mellitus and Healthy Pregnant 

https://doi.org/10.1111/j.1600-0528.2005.00259.x
https://doi.org/10.1111/j.1600-0528.2005.00259.x
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.3390/jcm13030707
https://doi.org/10.1007/s00784-022-04457-2
https://doi.org/10.1007/s00784-022-04457-2
https://doi.org/10.25121/NS.2018.23.4.159
https://doi.org/10.24425/fmc.2020.135799
https://doi.org/10.24425/fmc.2020.135799
https://doi.org/10.1186/s12903-024-04744-2
https://doi.org/10.1007/s10995-023-03682-9
https://doi.org/10.1007/s10995-023-03682-9
https://doi.org/10.1590/2359-3997000000117
https://doi.org/10.3389/froh.2024.1401485
https://doi.org/10.3389/fgene.2023.1230113
https://doi.org/10.3389/fgene.2023.1230113


19Total Ferric Reducing Ability of Plasma as an independent caries risk marker...

Women. Endocr Metab Immune Disord Drug Targets. 2021; 21 (8): 1485–1490. doi: 10.2174/15680266
20666201022151059.

35.	 Zamani-Ahari U., Zamani-Ahari S., Fardi-Azar Z., Falsafi P., Ghanizadeh M.: Comparison of Total An-
tioxidant Capacity of Saliva in Women with Gestational diabetes mellitus and Non-diabetic Pregnant 
Women. J Clin Exp Dent. 2017; 9 (11): e1282–e1286. Published 2017 Nov 1. doi: 10.4317/jced.53845.

36.	 Şimşek O.K., Baser U., Özgünler Ö., et al.: Comparison of oxidative stress markers in the saliva, gingival 
crevicular fluid, and serum samples of pregnant women with gestational diabetes and healthy pregnant 
women. J Periodontal Res. 2023; 58 (4): 745–754. doi: 10.1111/jre.13132.

37.	 Hegde M.N., Hegde N.D., Ashok A., Shetty S.: Evaluation of total antioxidant capacity of saliva and serum 
in caries-free and caries-active adults: an in-vivo study. Indian J Dent Res. 2013; 24 (2): 164–167.

38.	 Hegde M.N., Kumari S., Hegde N., Moany A.: Correlation between total antioxidant level and dental 
caries in adults-an in vivo study. Res J Pharm Biol Chem Sci. 2011; 2: 864–870.

39.	 Uberos J., Alarcon J.A., Penãlver M.A., et al.: Influence of the antioxidant content of saliva on dental 
caries in an at-risk community. Br Dent J. 2008; 205: E5. doi: 10.1038/sj.bdj.2008.520.

40.	 Shaki F., Arab-Nozari M., Maleki F., Charati J.Y., Nahvi A.: Evaluation of Some Caries-Related Factors in 
the Saliva of 3–5 Year Old Children in Sari, Northern Iran. Int J Pediatr. 2020; 8 (4): 11115–11123. doi: 
10.22038/ijp.2019.42952.3598.

41.	 Da Silva P.V., Troiano J.A., Nakamune A.C.M.S., Pessan J.P., Antoniali C.: Increased activity of the antiox-
idants systems modulate the oxidative stress in saliva of toddlers with early childhood caries. Arch Oral 
Biol. 2016; 70: 62–66. doi: 10.1016/j.archoralbio.2016.06.003.

42.	 Mahjoub S., Ghasempour M., Gharage A., Bijani A., Masrourroudsari J.: Comparison of Total Antiox-
idant Capacity in Saliva of Children with Severe Early Childhood Caries and Caries-Free Children. 
Caries Res. 2014; 48 (4): 271–275. doi: 10.1159/000355581. 

43.	 de Sousa Né Y.G., Lima W.F., Mendes P.F.S., et al.: Dental Caries and Salivary Oxidative Stress: Glob-
al Scientific Research Landscape. Antioxidants (Basel). 2023; 12 (2): 330. Published 2023 Jan 31. doi: 
10.3390/antiox12020330.

44.	 Hegde M.N., Hegde N.D., Ashok A., Shetty S.: Biochemical indicators of dental caries in saliva: an in vivo 
study. Caries Res. 2014; 48 (2): 170–173. doi: 10.1159/000355580.

45.	 Da Silva P.V., Troiano J.A., Nakamune A.C.M.S., Pessan J.P., Antoniali C.: Increased activity of the antiox-
idants systems modulate the oxidative stress in saliva of toddlers with early childhood caries. Arch Oral 
Biol. 2016; 70: 62–66. doi: 10.1016/j.archoralbio.2016.06.003.

46.	 Marsh P.D., Zaura E.: Dental biofilm: ecological interactions in health and disease. J Clin Periodontol. 
2017; 44 (Suppl 18): S12–S22. doi: 10.1111/jcpe.12679.

47.	 Doroszewska K., Zapała B., Stefura T., Milewicz T.: Intestinal microbiome in gestational diabetes — re-
view. Folia Med Cracov. 2024; 64 (3): 73–80. doi: 10.24425/fmc.2024.152167.

48.	 Miko S., Ambrus S., Sahafian S., et al.: Dental caries and adolescents with type 1 diabetes. Br Dent J. 
2010; 208: E12. https://doi.org/10.1038/sj.bdj.2010.290.

49.	 Wang Y., Xing L., Yu H., Zhao L.: Prevalence of dental caries in children and adolescents with type 1 
diabetes: a systematic review and meta-analysis. BMC Oral Health. 2019; 19 (1): 213. Published 2019 
Sep 14. doi: 10.1186/s12903-019-0903-5.

50.	 Manjushree R., Anandakrishna L., Prasad Ks K., Shetty A.K.: Evaluation of Salivary Components and 
Dental Plaque in Relation to Dental Caries Status in Type 1 Diabetes Mellitus. Int J Clin Pediatr Dent. 
2022; 15 (Suppl 2): S121–S125. doi: 10.5005/jp-journals-10005-2325.

51.	 Venkatesh Babu N.S., Patel P.B.: Oral health status of children suffering from thyroid disorders. J Indian 
Soc Pedod Prev Dent. 2016; 34 (2): 139–144. doi: 10.4103/0970-4388.180443.

52.	 Pavlova T.V., Peshkova E.K., Goncharov I.Iu., Kolesnikov D.A., Nesterov A.V.: [Impairments in the ul-
trastructure and macro- and microelement composition of hard tooth tissues incaries in patients with 
hypothyroidism and in those without thyroid disease]. Arkh Patol. 2014; 76 (2): 17–21.

https://doi.org/10.2174/1568026620666201022151059
https://doi.org/10.2174/1568026620666201022151059
https://doi.org/10.4317/jced.53845
https://doi.org/10.1111/jre.13132
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hegde%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=23965439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hegde%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=23965439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashok%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23965439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shetty%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23965439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+total+antioxidant+capacity+of+saliva+and+serum+in+caries-free+and+caries-active+adults%3A+an+in-vivo+study.+Indian+Journal+of+Dental+Research%2C+24%2C+164–167
https://doi.org/10.1038/sj.bdj.2008.520
https://doi.org/10.22038/ijp.2019.42952.3598
https://doi.org/10.22038/ijp.2019.42952.3598
https://doi.org/10.1016/j.archoralbio.2016.06.003
https://doi.org/10.1159/000355581
https://doi.org/10.3390/antiox12020330
https://doi.org/10.3390/antiox12020330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hegde%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=24504381
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hegde%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=24504381
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashok%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24504381
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shetty%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24504381
https://www.ncbi.nlm.nih.gov/pubmed/24504381
https://doi.org/10.1159/000355580
https://doi.org/10.1016/j.archoralbio.2016.06.003
https://doi.org/10.1111/jcpe.12679
https://doi.org/10.24425/fmc.2024.152167
https://doi.org/10.1038/sj.bdj.2010.290
https://doi.org/10.1186/s12903-019-0903-5
https://doi.org/10.5005/jp-journals-10005-2325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Venkatesh%20Babu%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=27080964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=27080964
https://www.ncbi.nlm.nih.gov/pubmed/27080964
https://www.ncbi.nlm.nih.gov/pubmed/27080964
https://doi.org/10.4103/0970-4388.180443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavlova%20TV%5BAuthor%5D&cauthor=true&cauthor_uid=25051720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peshkova%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=25051720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goncharov%20IIu%5BAuthor%5D&cauthor=true&cauthor_uid=25051720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kolesnikov%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=25051720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nesterov%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=25051720
https://www.ncbi.nlm.nih.gov/pubmed/25051720

