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A b s t r A c t

Introduction: Colonization resistance of the oral cavity is an important protective factor of local immunity, 
which prevents the adhesion and proliferation of microorganisms on the oral mucosa. 
Objectives: The research aimed to discover the colonization resistance state of the oral mucosa of young pa-
tients with different body mass indices and their dependence on the intensity of the teeth carious and inflamma-
tory response of the gums. 
Material and methods: The survey conducted on 132 Ukrainians of all genders, with aged ranging from 18 to 
22 years. Body mass index (BMI) was determined, which was the distribution factor. Oral status was detected by 
decay, missing, and filled teeth (DMFT) index, oral hygiene index (OHI) and papilla bleeding index (PBI) determi-
nation. Colonization resistance of the oral mucosa was defined by microscopy of the buccal epithelium using a light 
microscope with a magnification of ×400. 
Results:  21.2% of patients with normal BMI had colonization resistance index (CRI) 0, 78.8% – CRI 1. In patients 
with extra weight, 44.5% had CRI 0, 38.9% – CRI 1, 16.6 – CRI 2. In patients with 1st degree obesity, 64.5% had CRI 
0, 25.8% – CRI 1, 9.7% – CRI 2. In patients with 2nd degree obesity, 68.75% presented CRI 0, 31.25% – CRI 1. 
Conclusions: With satisfactory oral hygiene in patients with diverse BMI the severity of gingivitis was different. 
This indicates that the systemic response of the organism in patients with BMI over 30 kg/m2 is the crucial deter-
mining factor that influences the manifestation of the disease, as a response to local pathogenic factor – dental 
plaque. Therefore, in patients with 1st and 2nd degree obesity, in 70% of patients, suppression of colonization resis-
tance of the oral mucosa was observed, compared with patients with normal BMI where the frequency of patients 
with colonization resistance disturbance was 2.5 times lower. 

Key words: obesity, periodontitis, gingivitis, colonization resistance.  

J Stoma 2022; 75, 3: 171-175
DOI: https://doi.org/10.5114/jos.2022.119168

IntroductIon

Obesity is a widespread health issue that has a high 
prevalence in all age groups worldwide. Extra weight and 
obesity are risk factors for diverse oral cavity diseases, 

such as periodontal conditions and oral chronic infec-
tious disease. Although, obesity increases susceptibility 
to bacterial infection. The  precise pathophysiological 
mechanisms that link obesity and susceptibility to perio-
dontal inflammatory and non-inflammatory diseases, 
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remain undiscovered in depth. Obesity increases the risk 
of periodontal disease by raising production of uric acid 
mediated by gut dysbiosis [1]. 

Disturbance of the microbial homeostasis in oral cav-
ity is the  cause of  periodontal diseases and tooth hard 
tissue lesions. There are several hypotheses on the devel-
opment of periodontal disease caused by dental plaque. 
Non-specific plaque hypothesis suggests that the  total 
bulk of  plaque has a  more harmful effect rather than 
the presence of particular pathogenic microbial species. 
Specific plaque hypothesis implies that the  particular 
bacteria in dental plaque play a crucial role in the devel-
opment of disease. A third concept is multiple pathogen 
theory that implicates combinations of  specific micro- 
organisms. Manifestation of  a  disease is triggered by 
a mis balance between the host and pathogenic/opportu-
nistic microorganisms [2]. 

It is necessary to assess the  level of colonization re-
sistance of the oral mucosa, which reflects the orga nism 
response to microbial factors and understand adaptive 
mechanisms of local immunity to predict the occurrence 
of  disease. It makes it possible to predict and prevent 
the development of a disease even before its’ manifesta-
tion. Moreover, functional alterations in periodontal tis-
sues lead to the development of clinical changes [3]. 

Wide spectrum of  oral cavity microbes and their 
colo nization is mostly based on commensalism. They 
are part of the normal oral microflora, but there are also 
opportunistic species that can cause oral and systemic 
diseases, when protective mechanisms of  an  organism 
are affected by some systemic conditions. In some cir-
cumstances, the  imbalance between normal oral flora 
and pathogenic flora may change the ratio of commen-
salism to parasitism. Oral mucosa is impermeable to 
most microorganisms and constitutes a mechanical bar-
rier against their penetration into tissues [4]. 

Microbiome of  oral cavity in obese individuals has 
specific quantitative and qualitative content. Analysis of 
oral cavity microbiota showed a high content of Capno-
cytophaga genus in obese individuals compared with pa-
tients with normal body mass index. Females with extra 
weight had an increase in Streptococcus subspecie content 
compared with obese males, where Neisseria genus was in 
abundance [5]. 

Obese individuals have completely different microbio-
logical content. Negativicutes, Erysipelotrichia, Prevotella 
melaninogenica, Prevotella salivae, Solobacterium moorei, 
and Atopobium parvulum were detected in higher quan-
tity in obese individuals, whereas Flavobacteriia, Bateroi-
detes, and Streptococcus sanguinis were predominant in 
indivi duals with normal BMI. The level of species showed 
significant differences in relative abundance among the 
groups, in which they were more abundant in the obesity 
group, whereas Streptococcus sanguinis dominated in the 
normal weight group. People with obesity had a higher 
number of salivary microbial genes [6]. 

objectIves 

The aim of  the  study was to discover the coloniza-
tion resistance state of the oral mucosa of young patients 
with different body mass indices and their dependence 
on the  intensity of  the teeth carious and inflammatory 
response of the gums. 

MAterIAl And Methods 

This research was a part of a study devoted to the dis-
covery of  the  origins and development of  periodontal 
disease in young people with obesity. Clinical examina-
tion was conducted among 132 Ukrainians of  all gen-
ders, with age ranging from 18 to 22 years. 

The design of the study as well as the therapeutic and 
diagnostic measures agreed with commission on bio-
ethics of the Poltava State Medical University (No. 197), 
and all participants signed a  written consent. The  in-
clusion criteria were young patients aged 18-22 years. 
The  groups of  obese patients had alimentary obesity, 
without any endocrine diseases diagnosed by a general 
doctor. 

The exclusion criteria were endocrine diseases, preg-
nancy, breastfeeding, drug use, alcoholism, mental ill-
ness, participation in other clinical trials 1 month before 
the  inclusion in this study, presence of active tubercu-
losis, viral hepatitis, and presence of fixed orthodontic 
appliance in the oral cavity. 

In all patients, body weight, height, waist and hip ratio 
and body mass index were determined, which was as 
a  criterion for division into groups. According to body 
mass index, four groups were created: the  first group 
consisted of  33 patients with normal body mass in-
dex (BMI: 18.5-24.9 kg/m2); the second group included  
36 patients with excess weight (BMI: 25.0-29.9 kg/m2), 
the third group – 31 patients with 1st degree obesity (BMI:  
30.0-34.9 kg/m2), the  fourth group comprised of 32 pa-
tients with 2nd degree obesity (BMI: 35.0-39.9 kg/m2). 

Initial oral cavity status was detected by dental index 
assessment as an evaluation of caries intensity by decay, 
missing, and filled teeth (DMFT) [7]. Oral hygiene in-
dex (OHI) and papilla bleeding index (PBI) were deter-
mined in all groups [8, 9]. Periodontal chart was com-
pleted for all patients. Periodontal diagnosis was defined 
according to classification of periodontal and peri‐im-
plant diseases and conditions (November 9-11, 2017, 
Chicago) [10]. 

Screening of  colonization resistance in the  oral 
mucosa was determined by microscopy evaluation 
of the buccal epithelium, according to the method pro-
posed by Petrushanko and Chereda [3]. This method en-
tails the determination of the number of oral streptococci  
adhered to buccal epithelial cells in a  smear stained by 
Romanowski-Gimza. Adhesive number (AN) was de-
fined as the average number of streptococci adhered to  
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1 epitheliocyte. Adhesive index (AI) was the percentage  
of epitheliocytes that adhered to more than 10 strep-
tococci. Qualitative assessment of  colonization resis-
tance was performed according to a  scoring system. 
Colonization resistance index (CRI) 0 corresponded 
to AN < 20, AI < 50% indicated suppression of coloni-
zation resistance and reducing antagonistic properties 
of oral microflora (Figure 1). CRI 1 related to AN 20-60,  
AI > 50% indicated a  high level of  colonization resis-
tance of the oral cavity. CRI 2 corresponded to AN > 60 
and AI = 100%, which indicated an  increased tension 
of the colonization barrier and an increase in the num-
ber of  microorganisms that can be both opportunistic 
and pathogenic (Figure 2). Microscopy of  buccal epi-
thelial samples was performed using a light microscopy, 
with a magnification of ×400. 

OriginPro 8.5.1.315 was applied for statistical pro-
cessing. All results were described as average and 
standard errors. For data analysis, one-factor analysis 
of  variance (one-way ANOVA) for unrelated samples 
and corrections Bonferroni for multiple comparisons 
were performed. Difference between groups was consid-
ered statistically significant at p < 0.05. Statistical pro-
cessing of data in percentage was processed by a method 
of variation statistics according to Oyvin. 

results 

The average mean and standard error of  BMI for 
the  patients of  the  1st group were 22.69 ± 0.29 kg/m2,  
for the patients of the 2nd group were 27.84 ± 0.21 kg/m2, 
in the 3rd group, they were 32.0 ± 0.28 kg/m2, and 38.18 
± 0.68 kg/m2 in the 4th group of patients. 

The prevalence of  caries in all examined groups 
was on average 97.7%, which corresponds to the  re-
sults of  several epidemiological researchers performed 
among the Ukrainian population. The intensity of cari-
ous process (DMFT) in the 1st group was 5.88 ± 0.67, in 
the 2nd group – 6.84 ± 0.58, in the 3rd group – 7.11 ± 1.07, 
and in the 4th group – 5.96 ± 0.84. 

OHI in the 1st group was 1.17 ± 0.07, in the 2nd group 
– 0.95 ± 0.07, in the 3rd group – 1.42 ± 0.1, and in the 4th 
group – 1.4 ± 0.06. PBI was 2.09 ± 0.35 in the 1st group, 
3.16 ± 0.37 in the 2nd, 4.26 ± 0.4 in the 3rd, and 3.9 ± 0.34 
in the 4th groups. 

45.5% patients of the 1st group had intact periodon-
tium, 54.5% were diagnosed with biofilm-associated 
alone gingivitis. In the 2nd group, 25% had intact perio-
dontium, and 75% had biofilm-associated alone gingi-
vitis. In the  3rd group, 19.4% had intact periodontium, 
in 13% were diagnosed with biofilm-associated alone 
gingivitis and in 67.74% presented non-dental plaque- 
induced gingivitis. In the  4th group, 9.4% had intact 
perio dontium and with biofilm-associated alone gingi-
vitis and 81.2% were diagnosed with non-dental plaque- 
induced gingivitis. 

In the  1st group, the  average mean and standard  
error of  AN were 24.06 ± 2.6 and AI = 62.5 ± 3.15.  
In the 2nd group, AN = 23.06 ± 3.0 and АІ = 61.31 ± 5.35. 
In the 3rd group, АN = 19.6 ± 1.56 and АІ = 60.51 ± 4.31. 
Іn the 4th group, AN = 19.24 ± 1.27 and АІ = 64.68 ± 3.46. 

This corresponded to the  following values of  colo-
nization resistance index (CRI). In the 1st group, 21.2% 
of patients had a CRI 0, 78,8% – CRI 1. In the 2nd group, 
44.4% of patients had a CRI 0, 38.9% – CRI 1, 16.7% had 
CRI 2. In the 3rd group, 64.5% had CRI 0, 25.8% – CRI 
1, 9.7% had CRI 2. In the 4th group, 68.75% of patients 
had CRI – 0, 31.25% – CRI 1. The results on screening 
of colonization resistance of  the oral mucosa of young 
patients, considering the  intensity of  carious process, 
are shown in Table 1. Screening of  colonization resis-
tance of the oral mucosa of young patients, considering 
the condition of gum health is shown in Table 2. 

fiGure 1. Photo of the sample of the buccal epithelium 
of patient K. with CR 0 (AI = 42; AN = 12.92), magnifica-
tion ×400

fiGure 2. Photo of the sample of the buccal epithelium 
of patient D. with CR 2 (AI = 100; AN = 46.18), magnifi-
cation ×400
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dIscussIon 

The most important task of modern dentistry is not 
concentrating on the  development of  new treatment 
methods, but prevention, which is the only correct and 
reasonable way to maintain and improve the oral health. 
Prevention should be primarily targeted, aiming at diag-
nosing and elimination of  certain patient-specific risk 
factors for the  occurrence and progression of  disease. 
These methods should be easy to use; thus, they can be 
applied in routine diagnostics, and should have suffi-
cient diagnostic value.

There were no significant differences found between 
the  carious process intensity and BMI. The severity 
of  the  carious process did not depend on BMI value.  
There was no correlation between individuals with DMFT 
< 6 and DMFT > 6 and BMI values (Table 1). The inten-
sity of caries may depend on some other aspects, such as 
teeth mineralization and structural and functional resis-
tance [11, 12]. 

The percentage of patients with periodontal disease was 
higher in patients with BMI > 30.00 kg/m2. In the fourth 
group, the number of people with gingivitis was 90.6% and 
in the 3rd group, 80.6% of patients had gingivitis compared 
with patients of the 1st and 2nd groups, where the incidence 
was significantly lower, with 54.5% and 75.0%, respectively 
(Table 2). No signifi cant differences were found between 
AN and AI in any of the examined group. There was a sig-
nificant correlation between colonization resistance and 
intensity of the caries process. Therefore, in patients with 
high caries intensity DMFT > 6 in all groups, CRI 0 and 

CRI 2 prevailed, which indicate the tension of the coloni-
zation resistance barrier and the suppression of the coloni-
zation resistance barrier of oral mucosae. The percentage 
of  patients with CRI 0 and CRI 2 also prevailed among 
those with 1st and 2nd degree obesity and high caries inten-
sity. Hence, the number of people with DMFT > 6 exceeded 
predominantly CRI 0 or CRI 2, which indicated a higher 
tension of the microbial barrier compared with people with 
low caries intensity (DMFT < 6), where CRI 1 score indi-
cated a high level of colonization resistance. In summary, 
high intensity of carious led to a disturbance of the colo-
nization resistance barrier, especially in those with a BMI 
higher than 30 kg/m2. 90.6% and 80.6% of individuals with 
1st and 2nd degree obesity had periodontal disease com-
pared with normal BMI and overweight patients, where 
the prevalence of gingivitis was significantly lower. 

In patients with intact periodontium, high coloniza-
tion resistance CRI, CRI 1 was predominant; in the first 
group, it was 86.66%, in the second, 77.8%, in the third, 
100% and in the  fourth, it was 100%. Higher intensity 
of colonization resistance was observed in patients with 
gingivitis, as was assessed by the predominance of CRI 0 
and CRI 2. In obese individuals (groups 3rd and 4th) with 
gingivitis, number of individuals with impaired coloni-
zation resistance was much higher than in patients with 
normal BMI. Therefore, 92% of patients with 1st degree 
obesity, and 83% of patients with 2nd degree obesity and 
gingivitis had tense resistance of colonization barrier. 

According to OHI values, the  level of  oral hygiene 
was assessed as satisfactory (range, 0.7-1.6), which was 
observed in all groups of patients. The values of PBI in-

table 1. State of colonization resistance of the oral cavity of young people with different BMI depending on inten-
sity of the carious process 

Group Iv (n = 32)Group III (n = 31)Group II (n = 36)Group I (n = 33)

dMFt > 6,
n = 19

dMFt < 6,
n = 13

dMFt > 6, 
n = 13

dMFt < 6, 
n = 18

dMFt > 6, 
n = 20

dMFt < 6, 
n = 16

dMFt > 6, 
n = 21

dMFt < 6, 
n = 1 2

31.0 ± 8.2% 75.9 ± 7.5% 69.0 ± 8.3% 55.5 ± 8.9% 5.0 ± 3.6% 6.2 ± 4% 42.9 ± 8.6% 8.3 ± 4.8% CR 0 

69.0 ± 8.2% 24.1 ± 7.5% 8.0 ± 4.8% 44.5 ± 8.9% 65.0 ± 7.9% 93.8 ± 4% 57.1 ± 8.6% 91.7 ± 4.8% CR 1 

0.0% 0.0% 23.0 ± 7.5% 0.0% 30.0 ± 7.6% 0.0% 0.0% 0.0% CR 2 

table 2. State of colonization resistance of the oral cavity of young patients with different BMI depending on inflam-
matory process in the gums 

Group Iv (n = 32)Group III (n = 31)Group II (n = 36)Group I (n = 33)

Gingivitis
n = 29

Intact 
periodon-

tium
n = 3

Gingivitis 
n = 25

Intact 
periodon-

tium 
n = 6

Gingivitis 
n = 27

Intact 
periodon-

tium
n = 9

Gingivitis
n = 18

Intact 
periodon-

tium
n = 1 5

82.7 ± 6.6%0.0% 80.0 ± 7.2%0.0% 51.85 ± 8.32%22.2 ± 6.9%44.5 ± 8.6%13.34 ± 5.9%CR 0 

17.3 ± 6.6%100.0%8.0 ± 4.8%100.0%25.93% ± 7.3%77.8 ± 6.9%55.5 ± 8.6%86.6 ± 5.9%CR 1 

0.0% 0.0% 12.0 ± 5.8%0.0% 22.22 ± 6.9%0.0% 0.0% 0.0% CR 2 
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dex were directly proportional to the intensity of inflam-
matory process and the severity of gum damage. 

In our opinion, the  primary factor in the  develop-
ment of inflammatory diseases of the periodontium that 
are not associated with dental plaque are systemic 
changes in the  organism, which lead to disruption of 
oral cavity homeostasis, i.e., colonization resistance of 
oral mucosa. In the present study low level of coloniza-
tion resistance (CRI 0 and CRI 2) was observed in 70% 
of  obese patients compared with individuals with nor-
mal BMI. While, the low level of colonization resistance 
was observed only in 21% (CRI 0 and CRI 2), in over-
weight individuals, the number of people with impaired 
colonization resistance was 39%. The higher prevalence 
and intensity of gingivitis in patients with 1st and 2nd de-
gree obesity can explain the origin of gingivitis, which is 
not associated with dental plaque in obese individuals.  
Although oral hygiene in all examined patients of  all 
groups was in the range 0.9-1.6, and was considered satis-
factory, the higher intensity and prevalence of gingivitis in 
obese individuals can be explained by the fact that an ex-
cess of  subcutaneous and visceral fat triggered chronic 
mild systemic inflammation, oxidative stress alteration, 
and insulin resistance as well as vegetative disturbance, 
which plays a significant role in the pathogenesis of perio-
dontal disease in the background of obesity [13]. 

Some studies have indicated a huge impact of obesity 
on oral health. Monosodium glutamate-induced obesity 
in rats triggered periodontal tissue alterations. The  im-
balance of protein-inhibitory capacity, low antioxidative 
activity, significantly higher content of  fucosylated pro-
teins and proteoglycans was observed in the gingival tis-
sues of obese rats, compared with normal body mass in-
dex rats [14]. Obese individuals have significantly higher 
pro-oxidant activity and activation of oxidative and ni-
trosative stress, as demonstrated by an increased content 
of  oxidatively modified proteins and phospholipids in 
the  saliva [15]. These changes indicate that obesity are 
associated with a development of constant mild system-
ic inflammation, which maintains and leads to a  more 
severe course of all inflammatory processes in the body. 
This is caused by the presence of excess visceral and sub-
cutaneous fat. Adipocytes secrete into the  bloodstream 
more pro-inflammatory adipocytokines, which create 
a  systemic pro-inflammatory background [16]. Obese 
patients have a more severe gingivitis than patients with 
normal body weight, as evidenced by a higher prevalence 
of the disease, intensity of the inflammatory process and 
changes in biochemical para meters of the saliva [17]. 

conclusIons 

Mild systemic inflammation in obese patients is 
a significant risk factor that alternate the local protective 
mechanisms of  the  oral mucosa. Patients with 1st and 
2nd degree obesity have suppression of  colonization re-

sistance of the oral mucosa and higher intensity of gum 
alteration compared with individuals with normal BMI. 

conFlIct oF Interest

The authors declare no potential conflicts of interest 
with respect to the research, authorship, and/or publica-
tion of this article.

References

1. Sato K, Yamazaki K, Kato T, et al. Obesity-related gut microbiota 
aggravates alveolar bone destruction in experimental periodonti-
tis through elevation of uric acid. mBio 2021; 12: e0077121.

2. Hajishengallis G. Periodontitis: from microbial immune subver-
sion to systemic inflammation. Nat Rev Immunol 2015; 15: 30-44. 

3. Petrushanko TA, Chereda VV, Loban’ GA. The  relationship be-
tween colonization resistance of the oral cavity and individual – ty-
pological characteristics of personality: dental aspects. Wiad Lek 
2017; 70: 754-757.

4. Ptasiewicz M, Grywalska E, Mertowska P, et al. Armed to the 
teeth-the oral mucosa immunity system and microbiota. Int J Mol 
Sci 2022; 23: 882. 

5. Thomas C, Minty M, Canceill T, et al. Obesity drives an oral mi-
crobiota signature of  female patients with periodontitis: a  pilot 
study. Diagnostics (Basel) 2021; 11: 745.

6. Wu YJ, Chi XP, Chen F, Deng XL. Salivary microbiome in people 
with obesity: a pilot study. Beijing Da Xue Xue Bao Yi Xue Ban 
2018; 50: 5-12.

7. World Health Organization. Oral Health Surveys-Basic Methods. 
5th ed. Geneva: World Health Organization; 2013.

8. Greene JC, Vermillion JR. The simplified oral hygiene index. J Am 
Dent Assoc 1964; 68: 7-13. 

9. Schour I, Massler M. Survey of gingival disease using the PMA 
Index. Dent Res 1948; 27: 733-735.

10. Chapple ILC, Mealey BL, Van Dyke TE, et al. Periodontal health 
and gingival diseases and conditions on an intact and a reduced 
periodontium: consensus report of workgroup 1 of the 2017 world 
workshop on the  classification of  periodontal and peri-Implant 
diseases and conditions. J Periodontol 2018; 89 Suppl 1: S74-S84. 

11. Kostyrenko OP, Vynnyk NI, Koptev MM, et al. Mineralization 
of teeth enamel after eruption. Wiad Lek 2021; 74: 1297-1301.

12. Kostyrenko OP, Vynnyk NI, Koptev MM, et al. Dental crown bio-
mineralization during its histogenesis. Wiad Lek 2020; 73 (12 cz 1):  
2612-2616.

13. Gasmi A, Noor S, Menzel A, Doşa A, Pivina L, Bjørklund G. Obe-
sity and insulin resistance: associations with chronic inflamma-
tion, genetic and epigenetic factors. Curr Med Chem 2021; 28: 
800-826.

14. Beregova TV, Neporada KS, Skrypnyk M, et al. Efficacy of nano-
ceria for periodontal tissues alteration in glutamate-induced obese 
rats – multidisciplinary considerations for personalized dentistry 
and prevention. EPMA J 2017; 8: 43-49.

15. Skrypnyk M, Petrushanko T, Neporada K, et al. Effectiveness 
of nanocrystalline cerium dioxide for secondary prevention of in-
flammatory periodontal diseases in young individuals with obesi-
ty. Letters in Applied NanoBioScience 2019; 8: 754-761.

16. González-Muniesa P, Mártinez-González MA, Hu FB, et al. Obe-
sity. Nat Rev Dis Primers 2017; 3: 17034.

17. Skrypnyk M, Petrushanko T, Kryvoruchko T, Neporada K. Сon-
ditions of the oral cavity status in youth with alimentary-constitu-
tional form of obesity. MEP 2019; 23: 17-21.


