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ABSTRACT
Objective: The aim was to assess the correlation between periodontal status, whole salivary interleukin-1 
beta (IL-1β) levels and oral yeasts carriage (OYC) among individuals with varying ranges of body mass 
index (BMI). 
Material and method: The weight, waist circumference (WC), and height of individuals were assessed. 
Participants were categorized into three groups: Group-1 – normal weight (18.5–24.9 Kg/m2); Group-2 – 
overweight (25–29.9 Kg/m2); and Group-3 – obese (≥ 30 Kg/m2). Plaque and gingival indices (PI and GI, 
respectively), probing depth (PD), clinical-attachment-loss (CAL), missing teeth (MT) and marginal-bone-loss 
(MBL) were assessed. Whole salivary IL-1β levels and OYC were assessed. Group-comparisons were done. 
P < 0.05 was considered statistically significant. 
Findings: Twenty-two, 22 and 22 individuals with comparable mean ages were included in groups 1, 2 and 
3, respectively. The mean WC and BMI were higher in Group 3 than Groups 1 (P < 0.05) and 2 (P < 0.05). The 
mean PI, CAL, PD, GI, MT and MBL were higher in Group-3 than groups 1 (P < 0.05) and 2 (P < 0.05). There 
was no difference in mean PI, CAL, PD, GI, MT and MBL in groups 1 and 2. The salivary flow rate was higher 
in groups 1 (P < 0.05) and 2 (P < 0.05) than Group-3. The OYC and IL-1β were higher in Group-3 than groups 
1 (P < 0.05) and 2 (P < 0.05). There was a correlation between PD and OYC in Group-3 (P < 0.05). 
Conclusion: Periodontal inflammation is worse, and whole salivary IL-1β levels are elevated in obese than 
overweight individuals and subjects with normal BMI. There seems to be no association between BMI 
and OYC.
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Introduction

Periodontal disease is a prevalent chronic inflammatory condi-
tion affecting the supporting structures of the teeth, namely the 
gingiva, periodontal ligament, and alveolar bone. The disease 
progression involves a complex interplay between microbial 
colonization and host immune response, leading to tissue 
destruction and eventual tooth loss if left untreated [1, 2]. The 
primary risk factor associated with periodontal inflammatory 
conditions, including periodontitis, is commonly acknowledged 
to be poor oral hygiene practices [3]. However, extensive scien-
tific evidence from indexed databases indicates that there is a 
bidirectional association between systemic and periodontal 
health statuses of susceptible individuals [4–7].

An increased body mass index (BMI), particularly in 
overweight (25-29.9 Kg/m2) and obese (≥ 30 Kg/m2) individuals, 
is a recognized risk factor for periodontal diseases [8–10]. Results 
from an observational study [11] conducted in Riyadh, Saudi 
Arabia showed significantly higher scores of plaque index (PI) 
and gingival index (GI) among overweight and obese individuals 
compared with normal-weight individuals. Likewise, in another 

study from Egypt, a statistically significant correlation was 
reported between BMI and waist circumference (WC) and scores 
of GI and clinical attachment loss (CAL) [9]. The precise 
mechanism through which an increased BMI affects periodontal 
tissues remains a subject of debate; however, it has been 
reported that adipose tissue in individuals with an increased 
BMI is characterized by chronic low-grade inflammation, with 
increased expression of pro-inflammatory cytokines such as 
interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha 
(TNF-α) in the serum and unstimulated whole saliva (UWS) 
[12, 13]. These cytokines are known to contribute to local and 
systemic inflammation, including within the periodontium [14]. 
Moreover, an elevated BMI has also been linked to impaired 
healing processes, which may further compromise periodontal 
tissue repair and regeneration in vulnerable individuals [15]. 
Under physiological conditions, oral yeasts (predominantly 
Candida species) reside in the oral cavity maintaining a symbiotic 
relationship with other microbes; however, local and systemic 
factors such as tobacco smoking and a state of persistent 
hyperglycemia enhance oral yeasts carriage (OYC) thereby 
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increasing the vulnerability of individuals to oral diseases such 
as candidiasis [16, 17]. It has also been reported that an increased 
OYC is more often manifested in patients with than those 
without periodontitis [18]. Although it has been suggested that 
there is a potential association between an increased BMI and 
OYC, the available evidence is not yet definitive [19]. However, 
according to Nawaz et al. [20], an increased expression of pro-
inflammatory cytokines in UWS such as IL-1β is associated with 
an increased OYC. Therefore, there is a likelihood that an 
augmented whole salivary immunoinflammatory response 
among patients with elevated BMI jeopardizes periodontal 
tissues and increases OYC as well as IL-1β levels in these 
individuals compared with individuals with a normal BMI. The 
present study is based on the hypothesis that periodontal 
inflammation is worse and whole salivary OYC and IL-1β levels 
are elevated among patients with higher BMI in contrast to 
individuals with BMI within the normal range.

Aim

The aim was to assess the correlation between periodontal sta-
tus, whole salivary IL-1β levels and OYC among individuals with 
varying ranges of BMI.

Methods

Ethical approval

The research study received approval from the Ethics Committee 
of the Health Science Center (HSC), Kuwait University (VDR/
EC-734). Participation was voluntary, and individuals could 
decline or withdraw at any time. Those who chose to volunteer 
were required to sign a consent form. Prior to participation, all 
individuals were provided with detailed information regarding 
the study’s objectives and methodology, and they were encour-
aged to ask any questions they had.

Study design, dates and location

The present study has an observational cohort design and was 
performed at the Comprehensive Dental Clinic, Faculty of 
Dentistry, Kuwait University, Kuwait between June 2024 and 
December 2024.

Eligibility criteria

The inclusion criteria were as follows: (a) adult males and females 
at least 18 years old; (b) normal weight individuals (BMI 18.5 to 
24.9 Kg/m2); (c) overweight individuals (25.0 to 29.9 Kg/m2); (d) 
obese individuals (≥ 30.0 Kg/m2). From a dental standpoint, indi-
viduals who were completely edentulous, those with impacted 
third molars, severely decayed or fractured teeth containing 
embedded root fragments, and those with supernumerary 
teeth were excluded from the study. In terms of systemic health 
considerations, individuals who self-reported diabetes mellitus 
(DM), cardiovascular ailments, respiratory conditions, hepatic 

and/or renal disorders, as well as those diagnosed with HIV/
acquired immune deficiency syndrome, were not included in 
the sample sought for analysis.

Study groups

The BMI was determined by dividing weight (in kilograms) by 
the square of height (in meters) and expressed as kilograms per 
square meters (Kg/m2). According to the criteria from the Centers 
for Disease Control and Prevention, participants were catego-
rized into three groups as follows: Group-1 – normal weight 
(18.5–24.9 Kg/m2); Group-2 – overweight (25–29.9 Kg/m2); and 
Group-3 – obese (≥ 30 Kg/m2) [21].

Demographic data and education status

The questionnaire was designed to be clear and easy to under-
stand to facilitate accurate responses. One investigator con-
ducted the data collection to maintain consistency and minimize 
bias. A structured questionnaire was developed, including sec-
tions for demographic information and oral hygiene practices. 
Demographic variables, namely age, gender, and education sta-
tus were self-reported by participants. Oral hygiene practices, 
including daily toothbrushing frequency (once or twice daily), 
flossing habits (once or twice daily), and the last dental visit 
(within the past 6 months, between 6 and 12 months, and over a 
year ago) were also self-reported. Individuals who indicated com-
pletion of education up to the 10th grade were categorized as 
having achieved ‘School-level education’ [22], and participants 
who had completed an additional at least 24-months of college 
education after finishing their school education were categorized 
as having ‘College-level education’ [22]. Individuals who reported 
graduation from a university after completing college-level edu-
cation were classified as having ‘University-level education’ [22]. 

Assessment of body mass index and waist circumference

A standardized protocol, as described elsewhere, was adopted 
for conducting anthropometric measurements [23]. A trained 
and calibrated investigator (kappa score 0.88) assessed the 
height (in meters), weight (in kilograms), and WC (in centime-
ters) of all participants. Measurements for height, weight, and 
WC were taken using specific equipment: a portable digital 
weighing scale, stadiometer (Prodoc Detecto PD300, Cardinal 
Scale Manufacturing Co., MO USA), and a constant tension tape. 
These parameters were measured with the patients wearing 
light attire and shoes off. WC was assessed at the midpoint 
between the lower rib cage and the iliac crest following a full 
exhalation. The BMI was computed as weight divided by the 
square of height and expressed as Kg/m2.

Clinical and radiographic evaluations

A full mouth clinical periodontal assessment was done before 
the collection of UWS samples and assessment of OYC. Clinical 
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(Kappa score 0.9) and radiographic (Kappa score 0.86) evalua-
tions were carried out by a calibrated investigator. Full-mouth PI 
[24], probing depth (PD) [25] and GI [26] were evaluated at the 
buccal, lingual/palatal, mesial, and distal surfaces on all teeth. 
The CAL [27] and PD were measured to the nearest millimeter 
using a graded probe (Hu-Friedy InC, Chicago, IL, USA). Full-
mouth digital intra-oral radiographs were taken (Planmeca 
Romexis Intra oral X-Ray, Planmeca OY, Helsinki, Finland), with 
standardization procedures applied as previously described. 
The number of missing teeth (MT) was also documented.

Collection of whole saliva

The UWS samples were collected using a protocol described in a 
previous investigation [28]. In summary, fasting whole saliva 
samples were collected by a calibrated investigator (Kappa 
score 0.9) with patients seated comfortably on a chair in a quiet 
room. Patients were instructed to allow saliva to accumulate in 
their mouths for 5 min and refraining from swallowing or mov-
ing their jaw during this period. The collected UWS was then 
expectorated into a measuring cylinder, and the salivary flow 
rate was determined. Subsequently, each saliva sample was 
transferred to sterile plastic tubes and securely sealed 
(Salivette™, Sarstedt Inc., Numbrecht, Germany). The superna-
tant was extracted by vortexing the tubes at 1500 × g for a con-
tinuous 5-min period. Following extraction, the supernatant 
was stored at −70°C and evaluated within 24 h.

Assessment of whole salivary interleukin 1 beta levels

The whole salivary IL-1β levels were assessed as described by 
Majeed et al. [29] In summary, IL-1β levels were determined 
using the enzyme-linked immunosorbent assay via commer-
cially available kits (SolarBio Science & Technology Co, Ltd., 
Beijing, China), which were used according to instructions from 
the manufacturer. Each sample contributed 10 µL of saliva into 
designated wells of a 96-well plate in duplicates, pre-filled with 
40 µL of sample diluent provided with the kit. Following this, 
the plates were incubated at 37°C for 30 min, and then 10 µL 
each of Chromatin Solution A and Chromatin Solution B were 
added. The process was finalized by adding 50 µL of stop solu-
tion to each well. After incubating in the dark for 15 min, the 
microplates were examined using a reader at 450 nm (ELX808, 
BioTek, Santa Clara, CA, USA). The assay’s sensitivity was con-
firmed to be less than 0.1 pg/mL, ensuring detection of 
cytokines at low concentrations, and no cross-reactivity was 
observed with a wide range of related cytokines. All samples 
were assessed by a trained and calibrated investigator (Kappa 
score 0.9) blinded to the study groups.

Evaluation of oral yeasts carriage

The OYC was assessed an hour after the collection of UWS sam-
ples using the oral rinse technique [30]. Participants were pro-
vided with 10 mL of sterile phosphate-buffered saline (PBS 0.01 
M, pH 7.2) in a sterile disposable universal container and 

instructed to rinse for 1 min. Subsequently, the rinse was expec-
torated back into the same container. Samples were promptly 
transported to the microbiology laboratory for mycological 
analysis. Upon arrival, oral rinse samples underwent centrifuga-
tion at 3000 rpm (Jouan C412, France) for 10 min. The superna-
tant was discarded, and one mL of sterile PBS was added to the 
sediment, which was then agitated on a bench vibrator (VibroFix 
VF1 electronic, Italy) for 30 s to disaggregate microorganisms. 
Following this, 0.5 mL of the processed mixture was inoculated 
onto Sabouraud’s dextrose agar plates (Oxoid Ltd, Basingstoke, 
Hampshire, England). The plates were aerobically incubated at 
37°C for 48 h, followed by an additional 24 h at room tempera-
ture to optimize fungal growth. Colony counting was performed 
on the plates of oral rinse cultures, and the resulting count was 
multiplied by two to determine the number of colony-forming 
units per ml of the rinse (CFU/ml) [30].

Sample-size estimation and statistical analysis

Sample-size estimation (SSE) was done using data from a pilot 
investigation. The preliminary SSE was founded on the variation 
in PD alteration. Based on a recent cross-sectional study [31], a 
disparity of 0.5 mm was deemed to be clinically significant. 
Following a power analysis involving 66 participants (22 per 
group) and a significance level (α) of 0.05, it was determined that 
there was a 90% probability of identifying a genuine difference 
of 0.5 mm. There were no foreseen drop-outs. A software pro-
gram (IBM, SPSS, Version 22, Chicago, IL, USA) was used to per-
form quantitative evaluations. Group-comparisons were done 
using one-way analysis of variance and Bonferroni post-hoc 
adjustment tests. Regression analysis was also carried out to 
determine the correlation between BMI and clinicoradiographic, 
whole salivary IL-1β and OYC. P<0.05 were considered statisti-
cally significant.

Findings

Recruitment of study participants

One hundred and twenty-five individuals (77 males and 48 
females) were invited to participate in the present study. 
Amongst the male volunteers, 20 self-reported tobacco-smok-
ers, 10 individuals with self-reported DM and three individuals 
on medications for hypertension were excluded. Twenty-six 
females were excluded for the following reasons: (a) pregnant/
nursing (n = 4), (b) self-reported hypertension (n = 11) and (c) 
declining to sign the written consent form (n = 11). In total, 66 
individuals (44 males and 22 females) were included in the pres-
ent investigation (Figure 1).

Demographics of the study cohort

Twenty-two, 22 and 22 individuals were included in groups 1, 2 
and 3, respectively. In groups 1, 2 and 3, 17, 15 and 12 individu-
als, respectively were males. The mean ages of individuals in 
groups 1, 2 and 3 were 43.1 ± 7.6, 46.8 ± 9.1 and 50.3 ± 6.7 years, 
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respectively. The mean WC was significantly higher among indi-
viduals in groups 2 (P < 0.05) and 3 (P < 0.05) compared with 
individuals in Group-1 (P < 0.05). The mean WC was significantly 
higher among individuals in Group-3 compared with individuals 
in Group-2 (P < 0.05). The mean BMI was significantly higher 

among individuals in groups 2 (P < 0.05) and 3 (P < 0.05) com-
pared with individuals in Group-1 (P < 0.05). The mean BMI was 
significantly higher among individuals in Group-3 compared 
with individuals in Group-2 (P < 0.05). University-level education 
was attained by 68.2%, 54.5% and 18.2% individuals in groups 1, 
2 and 3, respectively. Toothbrushing twice daily was more often 
reported by individuals in groups 1 (81.8%) and 2 (100%) than 
those in Group-3 (13.6%). Ten (45.5%) and 18 (81.8%) individuals 
in groups 1 and 2, respectively reported that they performed 
flossing of interproximal spaces once daily. None of the individ-
uals in Group-3 reported to have ever used dental floss. Thirteen 
(59.1%) and 17 (77.3%) individuals in groups 1 and 2, respec-
tively reported that they had visited a dentist/dental hygienist 
within the past six to 12 months. All individuals in Group-3 
reported that they had last visited a dentist/dental hygienist 
over a year ago (Table 1). 

Periodontal status and missing teeth

The mean PI, CAL, PD, GI, MT and marginal-bone-loss (MBL) 
(mesial and distal) were significantly higher in Group-3 com-
pared with groups 1 (P < 0.05) and 2 (P < 0.05). There was no 

Figure 1. Recruitment of participants.

Table 1. General characteristics of study cohort.
Parameters Group-1 Group-2 Group-3
Participants (n) 22 22 22
Gender (male : 
female)

17 : 5 15 : 7 12 : 10

Mean age (in years) 43.1 ± 7.6 years 46.8 ± 9.1 years 50.3 ± 6.7 years
Mean weight (Kg) 74.5 ± 6.5 Kg*† 94.6 ± 3.4 Kg† 125.8 ± 3.1 Kg

Mean height (m) 1.79 ± 0.08 m 1.78 ± 0.06 m 1.72 ± 0.08 m
Waist circumference 
(cm)

83.1 ± 3.5 cm*† 98.5 ± 2.1 cm† 130.1 ± 6.5 cm

Mean BMI (Kg/m2) 23.3 ± 0.8 Kg/m2*† 30.1 ± 3.2 Kg/m2† 43 ± 1.8 Kg/m2

School-level 
education

None None None

College-level 
education

7 (31.8%) 10 (45.5%) 18 (81.8%)

University level 
education

15 (68.2%) 12 (54.5%) 4 (18.2%)

Toothbrushing (once 
daily)

4 (18.2%) None 19 (86.4%)

Toothbrushing 
(twice daily)

18 (81.8%) 22 (100%) 3 (13.6%)

Flossing (once daily) 10 (45.5%) 18 (81.8%) None
Flossing (twice daily) 0 0 None
No flossing 12 (54.5%) 4 (18.2%) 22 (100%)
Visit to dentist/
hygienist
Within 6-months 5 (22.7%) 5 (22.7%) 0
Within 6 to 12 
months

13 (59.1%) 17 (77.3%) 0

Over a year ago 4 (18.2%) 0 22 (100%)

BMI: body mass index; cm: centimeters; m: meters; Kg: kilograms; Kg/m2: 
kilograms per square meters. 
*Compared with Group-2 (P < 0.05). 
†Compared with Group-3 (P < 0.05).

Table 2. Clinical and radiographic periodontal status.
Parameters Group-1 Group-2 Group-3

Participants (n) 22 22 22
Plaque index 0.35 ± 0.2* 0.45 ± 0.3* 0.81 ± 0.1

Gingival index 0.32 ± 0.3* 0.38 ± 0.3* 0.83 ± 0.2

Probing depth (mm) 1.37 ± 0.5 mm* 1.75 ± 0.7 mm* 4.7 ± 0.8 mm

Clinical attachment 
loss

0.22 ± 0.2 mm* 0.4 ± 0.3 mm* 3.7 ± 0.7 mm

Marginal bone loss 
(mesial)

1.3 ± 0.6 mm* 1.4 ± 0.6 mm* 4.2 ± 0.7 mm

Marginal bone loss 
(distal)

1.1 ± 0.7 mm* 1.3 ± 0.7 mm* 4.3 ± 0.8 mm

Missing teeth 1.5 ± 1.4 teeth* 1.72 ± 1 teeth* 6.5 ± 1.8 teeth

*Compared with Group-3 (P < 0.05).
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difference in the mean PI, CAL, PD, GI, MT and MBL (mesial and 
distal) among individuals in groups 1 and 2 (Table 2).

Salivary flow rate, interleukin 1-beta levels and oral yeasts 
carriage 

The SFR was significantly higher in groups 1 (0.3 ± 0.1 ml/min) (P 
< 0.05) and 2 (0.3 ± 0.08 ml/min) (P < 0.05) compared with 
Group-3 (0.07 ± 0.01 ml/min). There was no statistically signifi-
cant difference in the SFR among individuals in groups 1 (0.3 ± 
0.1 ml/min), and 2 (0.3 ± 0.08 ml/min). Whole salivary IL-1β levels 
were significantly higher in Group-3 (233.1 ± 79.2 pg/ml) com-
pared with groups 1 (43.2 ± 18.2 pg/ml) (P < 0.05) and 2 (52.2 ± 
18 pg/ml) (P < 0.05). There was no difference in whole salivary 
IL-1β levels among individuals in groups 1 (43.2 ± 18.2 pg/ml) 
and 2 (52.2 ± 18 pg/ml). The OYC was significantly higher in 
Group-3 (910.3 ± 216.6 CFU/ml) compared with groups 1 (304.3 
± 104.2 CFU/ml) (P < 0.05) and 2 (384.3 ± 49.2 CFU/ml) (P < 0.05). 
There was no difference in OYC among individuals in groups 1 
(304.3 ± 104.2 CFU/ml) and 2 (384.3 ± 49.2 CFU/ml). 

Correlation between body mass index and periodontal 
parameters, salivary interleukin 1-beta and oral yeasts 
carriage

Body mass index. Probing depth, Salivary interleukin 1-beta 
and oral yeasts carriage

There was no statistically significant correlation between BMI 
and OYC in groups 1, 2 and 3 (Figure 2). There was a statistically 
significant correlation between PD and OYC among individuals 
in Group-3 (P < 0.05) (Figure 3). There was no correlation between 

PD and OYC among individuals in groups 1 and 2 (Figure 3). 
There was a statistically significant correlation between whole 
salivary IL-1β levels and OYC among individuals in Group-3 
(Figure 4). There was no correlation between whole salivary 
IL-1β levels and OYC among individuals in groups 1 and 2 
(Figure 4). There was a statistically significant correlation 
between IL-1β and BMI among individuals in Group-3. There 
was no statistically significant correlation between IL-1β and 
BMI among individuals in groups 1 and 2 (Figure 5). There was 
a statistically significant correlation between PD and BMI 
among individuals in Group-3. There was no statistically signif-
icant correlation between PD and BMI among individuals in 
groups 1 and 2 (Figure 6). There was no statistically significant 
correlation between age, gender, PI, GI, CAL, MBL, MT, WC, and 
education status and OYC and IL-1β levels (data not shown).

Discussion

The 2007 U.S. National Health and Nutrition Examination Survey 
(NHANES) reported that 63% of Americans are presently classi-
fied as overweight, while 26% fall into the obese category [32]. 
The present study was performed in the State of Kuwait (Kuwait), 
which has a population of approximately 4.3 million residents. It 
is worth mentioning that Kuwait has one of the highest obesity 
rates on a global scale with prevalence rates for overweight and 
obesity being 40.6% (95% confidence interval [CI]: 38.4–42.8%) 
and 42.1% (95% CI: 40.0–44.3%), respectively in the year 2021 
[33]. Such alarming results in turn suggest that Kuwaiti nationals 
with a BMI surpassing the normal range (18.5 to 24.9 Kg/m2) face 
an increased likelihood of either developing periodontal disease 
and/or experiencing compromised periodontal health. In a 

Figure 2. Correlation between body mass index and oral yeasts carriage in groups 1, 2 and 3.

Figure 3. Correlation between probing depth and oral yeasts carriage in groups 1, 2 and 3.
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systematic review and meta-analysis of five interventional and 
eight longitudinal studies, Keller et al. [34] demonstrated that 
increased BMI and WC are significant risk factors of periodontal 
disease. In a recent case-control study, Shoukat et al. [35] 
reported that an elevated BMI is a risk factor for increased yeast 
carriage in the gut in contrast to controls (individuals with a nor-
mal BMI); however, the potential relationship between BMI and 
OYC remains a subject of debate. In this context, the authors of 
the present observational cohort study hypothesized that peri-
odontal disease and increased OYC are more often manifested 
in individuals with a higher BMI (overweight and obese) in con-
trast to controls. 

The present results showed that although OYC was 
significantly higher among individuals in Group-3 (obese 
individuals) compared with individuals in groups 1 and 2 
(normal weight and overweight individuals, respectively), there 
was no statistically significant correlation between BMI and OYC 
in all groups. This suggests that an increased BMI does not 
independently influence OYC; rather, there are likely other 
contributing factors within the obese population studied. 
Among these factors, the most significant appears to be the SFR. 
It is worth noting that the SFR was significantly higher among 
patients in groups 1 and 2 in contrast to Group-3. The authors of 
the present investigation applaud previous studies [36, 37], 
which showed that hyposalivation is a risk factor for increased 
OYC. Interestingly, a statistically significant correlation was 
observed between OYC and IL-1β levels among individuals in 
Group-3. The IL-1β is chiefly produced by mononuclear 
phagocytes and plays a critical role in mediating immune 
responses to inflammatory insults [38]. According to Steele and 
Fidel [39], an increased OYC also results in an increased 
production of IL-1β. One reasoning for this is that an increased 
IL-1β production augments the ‘killing’ efficacy of neutrophils 

thereby driving a protective immunity [40]. It is also worth 
mentioning that whole salivary IL-1β levels were markedly 
lower in groups 1 and 2 than Group-3, and the current 
mycological results demonstrated that OYC was also lower in 
the former groups than Group-3. These findings indicate that a 
reduced SFR creates a favorable oral environment conducive to 
OYC; and in response, the immune system ramps up the 
production of IL-1β to mitigate the disturbance in the oral 
microbial equilibrium. Based on the current findings, the 
authors hypothesize that a higher BMI alone does not directly 
influence OYC, suggesting that factors such as SFR may play a 
more prominent role in this context. Future research should 
focus on longitudinal studies to further investigate the 
interplay between BMI, SFR, and OYC. Specifically, controlled 
studies with larger sample sizes and diverse populations 
should be conducted to assess whether SFR mediates the 
relationship between BMI and OYC. Moreover, exploring 
potential biological mechanisms, such as metabolic and 
inflammatory pathways, may provide deeper insights into how 
systemic factors contribute to OYC.

From a clinical and radiographic perspective, the present 
study results differ from previous studies [34, 41], which showed 
that periodontal inflammation is worse in overweight and obese 
individuals than those with BMI within the normal range. 
Interestingly, the present results showed no difference in clinical 
and radiographic parameters (PI, GI, CAL, MT, PD and MBL, 
respectively) among individuals in groups 1 and 2. One 
explanation for this is that the normal and overweight individuals 
who volunteered to participate in the present investigation 
seemed to be more responsible towards oral hygiene status 
(OHS) as toothbrushing twice daily was reported by at least 80% 
and 100% of individuals in groups 1 and 2, respectively. 
Moreover, flossing of interproximal spaces once daily was 

Figure 4. Correlation between whole salivary interleukin 1-beta and oral yeasts carriage in groups 1, 2 and 3.

Figure 5. Correlation between body mass index and whole salivary interleukin 1-beta in groups 1, 2 and 3.
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reported by nearly 50% and 81% of individuals in groups 1 and 
2, respectively. Furthermore, individuals in groups 1 and 2 
reported that they visited their oral healthcare providers 
(OHPs) on a routine basis. These factors seem to have 
contributed towards maintenance of periodontal health status 
and retention of most of the natural dentition in contrast to 
obese patients who reported to have never used dental floss, 
mostly brushed once daily and visited an OHP at least over a 
year ago. The authors of the present study speculate that 
routine oral hygiene maintenance coupled with routine dental 
visits seem to have played a role in reducing OYC and salivary 
IL-1β levels among individuals in groups 1 and 2; and the 
contribution of a superior education status in these individuals 
(in contrast to Group-3 where university-level education was 
less prevalent) towards maintaining oral health routinely 
cannot be overlooked. The authors applaud the study by 
Muzurovic et al. [42] according to which, a compromised OHS 
is a well-known risk factor of increased OYC and associated 
diseases such as candidiasis. 

Strengths and limitations

Based on the present study results, it is highly recommended 
that community-based oral health awareness programs 
should routinely be conducted to educate the masses about 
the importance of oral and systemic health maintenance and 
the linkage between the two. A limitation of the present inves-
tigation is that the laboratory-based immune-inflammatory 
investigations were limited to the assessment of whole sali-
vary IL-1β levels. It is hypothesized that other inflammatory 
biomarkers such as IL-6 and TNF-α are also elevated and possi-
bly correlated with clinicoradiographic parameters and OYC in 
overweight and obese individuals in contrast to controls (nor-
mal weight individuals). Moreover, habitual nicotine product 
users and patients with other systemic diseases such as DM 
were excluded from the present study. The primary reason for 
this was that habitual smoking and DM are independent, yet 
significant risk factors of increased OYC and periodontal and 
peri-implant inflammatory conditions [43–45]. Therefore, the 
inclusion of participants with such characteristics could have 
potentially biased the present results. Further power-adjusted 
and well-designed studies are needed to substantiate these 
hypotheses. 

Conclusion

Periodontal inflammation is worse and whole salivary IL-1β lev-
els are elevated in obese compared with overweight individuals 
and subjects with a normal BMI. An elevated BMI does not seem 
to influence OYC in vulnerable populations.

Authors’ contributions

Dena Ali: Conceptualization, supervision, writing and reviewing 
the manuscript; Toshinari Mikami: Writing and reviewing the 
manuscript and quantitative analysis; Fatema Alkazemi: 
Writing and reviewing the manuscript and making the tables 
and figures.

Disclosure statement

The authors declare that they have no conflict of interest.

Funding

This work was supported and funded by Kuwait University 
(Research Grant No. DG01/24). The authors would like to 
acknowledge the College of Dentistry Microbiology research 
facility (SRUL01/14).

References
[1] Kinane DF, Stathopoulou PG, Papapanou PN. Periodontal diseases. 

Nat Rev Dis Primers. 2017;3:17038. https://doi.org/doi.org/10.1038/
nrdp.2017.38

[2] Cekici A, Kantarci A, Hasturk H, Van Dyke TE. Inflammatory and 
immune pathways in the pathogenesis of periodontal dis-
ease. Periodontol 2000. 2014;64(1):57–80. https://doi.org/doi.
org/10.1111/prd.12002

[3] Ramfjord SP, Morrison EC, Burgett FG, Nissle RR, Shick RA, Zann 
GJ, et al. Oral hygiene and maintenance of periodontal support. 
J Periodontol. 1982;53(1):26–30. https://doi.org/doi.org/10.1902/
jop.1982.53.1.26

[4] Hegde R, Awan KH. Effects of periodontal disease on systemic 
health. Dis Mon. 2019;65(6):185–92. https://doi.org/10.1016/j.
disamonth.2018.09.011

[5] Jepsen S, Caton JG, Albandar JM, Bissada NF, Bouchard P, Cortellini P, 
et al. Periodontal manifestations of systemic diseases and develop-
mental and acquired conditions: consensus report of workgroup 3 
of the 2017 World Workshop on the Classification of Periodontal and 

Figure 6. Correlation between probing depth and body mass index in groups 1, 2 and 3.

https://doi.org/doi.org/10.1038/nrdp.2017.38
https://doi.org/doi.org/10.1038/nrdp.2017.38
https://doi.org/doi.org/10.1111/prd.12002
https://doi.org/doi.org/10.1111/prd.12002
https://doi.org/doi.org/10.1902/jop.1982.53.1.26
https://doi.org/doi.org/10.1902/jop.1982.53.1.26
https://doi.org/10.1016/j.disamonth.2018.09.011
https://doi.org/10.1016/j.disamonth.2018.09.011


126 D. ALI ET AL.

Peri-Implant Diseases and Conditions. J Periodontol. 2018;89 Suppl 
1:S237–48. https://doi.org/10.1002/jper.17-0733

[6] Kalhan AC, Wong ML, Allen F, Gao X. Periodontal disease and 
systemic health: an update for medical practitioners. Ann Acad 
Med Singap. 2022;51(9):567–74. https://doi.org/10.47102/
annals-acadmedsg.2021503

[7] Kim J, Amar S. Periodontal disease and systemic conditions: a bidi-
rectional relationship. Odontology. 2006;94(1):10–21. https://doi.
org/10.1007/s10266-006-0060-6

[8] Dhaifullah E, Al-Maweri SA, Koppolu P, Elkhtat E, Mostafa D, Mahgoub 
M. Body mass index and periodontal health status among young 
Saudi adults: a cross-sectional study. Ann Saudi Med. 2019;39(6):433–
40. https://doi.org/10.5144/0256-4947.2019.433

[9] Amin Hel S. Relationship between overall and abdominal obesity 
and periodontal disease among young adults. East Mediterr Health 
J. 2010;16(4):429–33. 

[10] Pamuk F, Kantarci A. Inflammation as a link between periodontal dis-
ease and obesity. Periodontol 2000. 2022;90(1):186–96. https://doi.
org/10.1111/prd.12457

[11] Alaskar M, AlMoharib HS, Mirdad A, Talakey AA, Levi P, Alshihri A. 
Prevalence of radiographic alveolar bone loss as a function of age 
in the periodontics clinic population at the College of Dentistry, 
King Saud University, Riyadh, Saudi Arabia. Oral Health Prev Dent. 
2023;21:313–8. https://doi.org/10.3290/j.ohpd.b4424899

[12] Kemer Doğan ES, Duran N. Is periodontal inflamed surface area asso-
ciated with serum and salivary levels of IL-1β, visfatin, and omentin-1 
in overweight/obese patients? Clin Oral Investig. 2022;26(8):5351–8. 
https://doi.org/10.1007/s00784-022-04502-0

[13] Speaker KJ, Fleshner M. Interleukin-1 beta: a potential link between 
stress and the development of visceral obesity. BMC Physiol. 
2012;12:8. https://doi.org/10.1186/1472-6793-12-8

[14] Moura MF, Navarro TP, Silva TA, Cota LOM, Soares Dutra Oliveira AM, 
Costa FO. Periodontitis and endothelial dysfunction: periodontal 
clinical parameters and levels of salivary markers interleukin-1β, 
tumor necrosis factor-α, matrix metalloproteinase-2, tissue inhibi-
tor of metalloproteinases-2 complex, and nitric oxide. J Periodontol. 
2017;88(8):778–87. https://doi.org/10.1902/jop.2017.170023

[15] Kawai T, Autieri MV, Scalia R. Adipose tissue inflammation and 
metabolic dysfunction in obesity. Am J Physiol Cell Physiol. 
2021;320(3):C375–91. https://doi.org/10.1152/ajpcell.00379.2020

[16] Osman M, Papon N. Smoking-aggravated oral candidiasis: 
Nrf2 pathway dampens NLRP3 inflammasome. J Cell Mol Med. 
2021;25(19):9473–5. https://doi.org/10.1111/jcmm.16901

[17] Nouraei H, Jahromi MG, Jahromi LR, Zomorodian K, Pakshir K. 
Potential pathogenicity of candida species isolated from oral cavity of 
patients with diabetes mellitus. Biomed Res Int. 2021;2021:9982744. 
https://doi.org/10.1155/2021/9982744

[18] De-La-Torre J, Quindós G, Marcos-Arias C, Marichalar-Mendia X, 
Gainza ML, Eraso E, et al. Oral Candida colonization in patients 
with chronic periodontitis. Is there any relationship? Rev 
Iberoam Micol. 2018;35(3):134–9. https://doi.org/10.1016/j.
riam.2018.03.005

[19] Alnuaimi AD, Wiesenfeld D, O’Brien-Simpson NM, Reynolds EC, 
McCullough MJ. Oral Candida colonization in oral cancer patients 
and its relationship with traditional risk factors of oral cancer: a 
matched case-control study. Oral Oncol. 2015;51(2):139–45. https://
doi.org/10.1016/j.oraloncology.2014.11.008

[20] Nawaz A, Pärnänen P, Kari K, Meurman JH. Proteolytic activity 
and  cytokine up-regulation by non-albicans Candida albicans. 
Arch Microbiol. 2015;197(4):533–7. https://doi.org/10.1007/s00203 
-015-1083-6

[21] Zierle-Ghosh A, Jan A. Physiology, body mass index. Treasure Island, 
FL: StatPearls Publishing LLC; 2024.

[22] ALHarthi SS, BinShabaib MS, Alwahibi A, Gamal S, Elashiry E, Jr, 
Almershed SE, et al. Periodontal and peri-implant status and whole 
salivary interleukin 1-beta levels among individuals using selective 

serotonin reuptake inhibitors: an observational study. BMC Oral 
Health. 2023;23(1):310. https://doi.org/10.1186/s12903-023-02908-0

[23] Shrestha R, Upadhyay SK, Khatri B, Bhattarai JR, Kayastha M, 
Upadhyay MP. BMI, waist to height ratio and waist circumference as a 
screening tool for hypertension in hospital outpatients: a cross-sec-
tional, non-inferiority study. BMJ Open. 2021;11(11):e050096. 
https://doi.org/10.1136/bmjopen-2021-050096

[24] Silness J, Loe H. Periodontal disease in pregnancy. II. Correlation 
between oral hygiene and periodontal condtion. Acta Odontol Scand. 
1964;22:121–35. https://doi.org/10.3109/00016356408993968

[25] Armitage GC, Svanberg GK, Löe H. Microscopic evaluation of clini-
cal measurements of connective tissue attachment levels. J Clin 
Periodontol. 1977;4(3):173–90. https://doi.org/10.1111/j.1600-
051x.1977.tb02271.x

[26] Loe H, Silness J. Periodontal disease in pregnancy. i. prevalence 
and severity. Acta Odontol Scand. 1963;21:533–51. https://doi.
org/10.3109/00016356309011240

[27] Genco RJ, Grossi SG, Ho A, Nishimura F, Murayama Y. A proposed 
model linking inflammation to obesity, diabetes, and periodontal 
infections. J Periodontol. 2005;76(11 Suppl):2075–84. https://doi.
org/10.1902/jop.2005.76.11-S.2075

[28] Aldulaijan HA, Al-Zawawi AS, Shaheen MY, Ali D, Divakar DD, Basudan 
AM. Assessment of salivary alpha amylase and mucin-4 before and 
after non-surgical treatment of peri-implant mucositis. Int J Implant 
Dent. 2022;8(1):30. https://doi.org/10.1186/s40729-022-00429-z

[29] Majeed MM, Ahmed I, Roome T, Alali Y, Al-Aali KA, Ahmed N, et 
al. Association of the unstimulated whole salivary cytokine IL-1β 
Levels with initial, moderate and severe periodontitis. A case control 
study. Int J Environ Res Public Health. 2022;19(5):2889. https://doi.
org/10.3390/ ijerph19052889

[30] Samaranayake LP, MacFarlane TW, Lamey PJ, Ferguson MM. A 
comparison of oral rinse and imprint sampling techniques for 
the detection of yeast, coliform and Staphylococcus aureus car-
riage in the oral cavity. J Oral Pathol. 1986;15(7):386–8. https://doi.
org/10.1111/j.1600-0714.1986.tb00646.x

[31] Nilsen A, Thorsnes A, Lie SA, Methlie P, Bunaes DF, Reinholtsen KK, 
et al. Periodontitis in obese adults with and without metabolic syn-
drome: a cross-sectional study. BMC Oral Health. 2023;23(1):439. 
https://doi.org/10.1186/s12903-023-03133-5

[32] Curtin LR, Mohadjer LK, Dohrmann SM, Kruszon-Moran D, Mirel LB, 
Carroll MD, et al. National Health and Nutrition Examination Survey: 
sample design, 2007–2010. Vital Health Stat 2. 2013;160:1–23. 

[33] Oguoma VM, Coffee NT, Alsharrah S, Abu-Farha M, Al-Refaei FH, 
Al-Mulla F, et al. Prevalence of overweight and obesity, and associa-
tions with socio-demographic factors in Kuwait. BMC Public Health. 
2021;21(1):667. https://doi.org/10.1186/s12889-021-10692-1

[34] Keller A, Rohde JF, Raymond K, Heitmann BL. Association between 
periodontal disease and overweight and obesity: a systematic 
review. J Periodontol. 2015;86(6):766–76. https://doi.org/10.1902/
jop.2015.140589

[35] Shoukat M, Ullah F, Tariq MN, Din G, Khadija B, Faryal R. Profiling of 
potential pathogenic candida species in obesity. Microb Pathog. 
2023;174:105894. https://doi.org/10.1016/j.micpath.2022.105894

[36] Buranarom N, Komin O, Matangkasombut O. Hyposalivation, oral 
health, and Candida colonization in independent dentate elders. 
PLoS One. 2020;15(11):e0242832. https://doi.org/10.1371/journal.
pone.0242832

[37] Hibino K, Samaranayake LP, Hägg U, Wong RW, Lee W. The role of 
salivary factors in persistent oral carriage of Candida in humans. 
Arch Oral Biol. 2009;54(7):678–83. https://doi.org/10.1016/j.
archoralbio.2009.04.003

[38] Griffiths JS, Camilli G, Kotowicz NK, Ho J, Richardson JP, Naglik JR. 
Role for IL-1 family cytokines in fungal infections. Front Microbiol. 
2021;12:633047. https://doi.org/10.3389/fmicb.2021.633047

[39] Steele C, Fidel PL, Jr. Cytokine and chemokine production by 
human oral and vaginal epithelial cells in response to Candida 

https://doi.org/10.1002/jper.17-0733
https://doi.org/10.47102/annals-acadmedsg.2021503
https://doi.org/10.47102/annals-acadmedsg.2021503
https://doi.org/10.1007/s10266-006-0060-6
https://doi.org/10.1007/s10266-006-0060-6
https://doi.org/10.5144/0256-4947.2019.433
https://doi.org/10.1111/prd.12457
https://doi.org/10.1111/prd.12457
https://doi.org/10.3290/j.ohpd.b4424899
https://doi.org/10.1007/s00784-022-04502-0
https://doi.org/10.1186/1472-6793-12-8
https://doi.org/10.1902/jop.2017.170023
https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1111/jcmm.16901
https://doi.org/10.1155/2021/9982744
https://doi.org/10.1016/j.riam.2018.03.005
https://doi.org/10.1016/j.riam.2018.03.005
https://doi.org/10.1016/j.oraloncology.2014.11.008
https://doi.org/10.1016/j.oraloncology.2014.11.008
https://doi.org/10.1007/s00203-015-1083-6
https://doi.org/10.1007/s00203-015-1083-6
https://doi.org/10.1186/s12903-023-02908-0
https://doi.org/10.1136/bmjopen-2021-050096
https://doi.org/10.3109/00016356408993968
https://doi.org/10.1111/j.1600-051x.1977.tb02271.x
https://doi.org/10.1111/j.1600-051x.1977.tb02271.x
https://doi.org/10.3109/00016356309011240
https://doi.org/10.3109/00016356309011240
https://doi.org/10.1902/jop.2005.76.11-S.2075
https://doi.org/10.1902/jop.2005.76.11-S.2075
https://doi.org/10.1186/s40729-022-00429-z
https://doi.org/10.3390/ ijerph19052889
https://doi.org/10.3390/ ijerph19052889
https://doi.org/10.1111/j.1600-0714.1986.tb00646.x
https://doi.org/10.1111/j.1600-0714.1986.tb00646.x
https://doi.org/10.1186/s12903-023-03133-5
https://doi.org/10.1186/s12889-021-10692-1
https://doi.org/10.1902/jop.2015.140589
https://doi.org/10.1902/jop.2015.140589
https://doi.org/10.1016/j.micpath.2022.105894
https://doi.org/10.1371/journal.pone.0242832
https://doi.org/10.1371/journal.pone.0242832
https://doi.org/10.1016/j.archoralbio.2009.04.003
https://doi.org/10.1016/j.archoralbio.2009.04.003
https://doi.org/10.3389/fmicb.2021.633047


ACTA ODONTOLOGICA SCANDINAVICA  127

albicans. Infect Immun. 2002;70(2):577–83. https://doi.org/10.1128/
iai.70.2.577-583.2002

[40] Vonk AG, Netea MG, van Krieken JH, Iwakura Y, van der Meer JW, 
Kullberg BJ. Endogenous interleukin (IL)-1 alpha and IL-1 beta are 
crucial for host defense against disseminated candidiasis. J Infect 
Dis. 2006;193(10):1419–26. https://doi.org/10.1086/503363

[41] Gorman A, Kaye EK, Apovian C, Fung TT, Nunn M, Garcia RI. 
Overweight and obesity predict time to periodontal disease pro-
gression in men. J Clin Periodontol. 2012;39(2):107–14. https://doi.
org/10.1111/j.1600-051X.2011.01824.x

[42] Muzurovic S, Babajic E, Masic T, Smajic R, Selmanagic A. The rela-
tionship between oral hygiene and oral colonisation with Candida 
species. Med Arch. 2012;66(6):415–7. https://doi.org/10.5455/
medarh.2012.66.415-417

[43] Ali D, AlAhmari F, Mikami T, Baskaradoss JK. Increased expression 
of advanced glycation endproducts in the gingival crevicular fluid 
compromises periodontal status in cigarette-smokers and waterpipe 
users. BMC Oral Health. 2022;22(1):206. https://doi.org/10.1186/
s12903-022-02240-z

[44] Ali D, Al-Yahya QM, Baskaradoss JK. Peri-Implant inflamma-
tion in waterpipe users and cigarette smokers: an observational 
study. Int Dent J. 2023;73(5):717–23. https://doi.org/10.1016/j.
identj.2023.03.005

[45] Ali D, Kuyunov I, Baskaradoss JK, Mikami T. Comparison of 
periodontal status and salivary IL-15 and -18 levels in ciga-
rette-smokers and individuals using electronic nicotine delivery 
systems. BMC Oral Health. 2022;22(1):655. https://doi.org/10.1186/
s12903-022-02700-6

https://doi.org/10.1128/iai.70.2.577-583.2002
https://doi.org/10.1128/iai.70.2.577-583.2002
https://doi.org/10.1086/503363
https://doi.org/10.1111/j.1600-051X.2011.01824.x
https://doi.org/10.1111/j.1600-051X.2011.01824.x
https://doi.org/10.5455/medarh.2012.66.415-417
https://doi.org/10.5455/medarh.2012.66.415-417
https://doi.org/10.1186/s12903-022-02240-z
https://doi.org/10.1186/s12903-022-02240-z
https://doi.org/10.1016/j.identj.2023.03.005
https://doi.org/10.1016/j.identj.2023.03.005
https://doi.org/10.1186/s12903-022-02700-6
https://doi.org/10.1186/s12903-022-02700-6

