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Aim: The research examined the correlation between the weight-adjusted waist index (WWI) and periodontal disease, as well as the
intermediary influence of triglyceride glucose (TyG) index-related indicators, utilizing a health examination dataset.

Methods: This cross-sectional study included 39,522 subjects from health check-up database of Shanghai Health and Medical Center.
The WWI was determined by applying a formula that includes dividing the waist circumference (WC) by the body weight’s square
root. Periodontitis diagnosis followed the Centers for Disease Control and Prevention and American Academy of Periodontology
(CDC/AAP) classification. The correlation between the WWI and periodontitis was investigated through multivariate logistic
regression and smoothing curve fitting. Subgroup analysis and interaction tests were also performed to verify the stability of the
results. A mediation analysis was conducted to quantify the direct and indirect influences mediated by the TyG-related indicators [TyG,
TyG -body mass index (TyG-BMI), TyG -waist-to-height ratio (TyG-WHtR), and TyG-waist circumference (TyG-WC)].

Results: Multivariable logistic regression analysis revealed the positive association of WWI and periodontitis (OR=1.37, 95% CI:
1.30-1.43). Compared to those in the lowest quartile of WWI, participants in the highest quartile exhibited a 82% higher likelihood of
periodontitis (OR=1.82, 95% CI: 1.69-1.96). Subgroup analysis and interaction tests revealed that this positive correlation was
consistent in gender, BMI, WC, smoking, drinking, hypertension, and dyslipidemia (P for interaction > 0.05), with some variations
noted by age and diabetes status (P for interaction<0.05). Mediation analysis showed that the proportions mediated by TyG, TyG-BMI,
TyG-WC, and TyG-WHIR on the association of WWI and periodontitis risk were 13.13%, 6.30%, 16.46% and 19.79%, respectively.
Conclusion: A higher WWI in Chinese adults was linked to an increased likelihood of periodontitis, and this correlation could be
partially explained by elevated levels of TyG index-related indicators.
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Introduction

Periodontitis, characterized by chronic inflammation of the gums and the structures that support the teeth, can result in
the loss of teeth among adults. This condition is quite common, affecting approximately 42% of the adult population in
the United States and an estimated 11.2% of individuals worldwide in its more severe forms.'” The prevalence of
periodontitis in China is estimated to be around 30%, which is a significant health concern.” Beyond oral health
implications, periodontitis has been linked to other systemic health concerns, such as metabolic syndrome and diabetes,

where the inflammatory processes from periodontal disease can worsen these conditions.*” Studies have explored the
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interplay between obesity and periodontitis, suggesting that excess body weight may contribute to the severity of gum
inflammation by increasing inflammatory markers and impairing insulin sensitivity.®’

The assessment of obesity has advanced with the introduction of the weight-adjusted waist index (WWI), which
provides a more detailed evaluation of central obesity compared to traditional measures like body mass index (BMI) and
waist circumference (WC).® Central obesity, characterized by excess visceral fat, is particularly concerning due to its
strong link to metabolic issues and insulin resistance (IR).>'® Iinsulin resistance, where the body’s cells fail to respond
adequately to insulin, impairing glucose uptake and metabolism. The adipose tissue in the abdominal region, when
excessive, also acts as an endocrine organ, secreting pro-inflammatory cytokines such as TNF-a and IL-6, which
contribute to a state of chronic low-grade inflammation."'™'® This inflammation further exacerbates insulin resistance
and is implicated in the development of metabolic syndrome, type 2 diabetes, and cardiovascular diseases.'*'®
Abdominal obesity causes a chronic low-grade inflammatory state. This inflammation can worsen periodontal disease
by increasing the production of pro-inflammatory cytokines and changing the immune response to periodontal
pathogens.'” Prior research has established a distinct connection between central obesity and periodontal health, noting
a synergistic increase in serum interleukin-1p particularly in those presenting with both conditions.'®'® Numerous
investigations have pointed to a positive correlation between obesity and periodontitis, with reported odds ratios ranging
from 1.1 to 4.5 for related inflammation or periodontal tissue breakdown.”® A study has shown a significant positive
correlation between WWI and periodontitis, indicating that higher levels of central obesity, as measured by WWI, are
associated with an increased risk of periodontitis.’

The WWI accounts for WC in relation to body weight, providing a more nuanced measure of central obesity and
metabolic dysfunction, underscoring the significance of waist circumference as a more informative indicator than BMI or
WC alone for assessing muscle and fat distribution, this index and offers a robust measure of fat and muscle levels, which
is not as influenced by factors such as height and overall weight as BMI is, and it’s not solely dependent on waist size
like WC.?! Numerous studies had demonstrated a direct link between WWI and the risk of developing hypertension,
diabetes, alterations in bone mineral density, as well as both all-cause and cardiovascular mortality.zz*26 The WWI could
signify shifts in the composition of adipose and muscular tissues associated with aging, pertinent across the entire
demographic spectrum, potentially offering a more precise gauge for forecasting the likelihood of chronic health
conditions.”’

The Triglyceride Glucose (TyG) index is a useful tool for estimating insulin sensitivity and has been found to be
correlated with the risk of periodontitis.”® Combining TyG with obesity indices, such as TyG-WHIR, TyG-WC, and TyG-
BMI, shows promise in better reflecting the risk of metabolic syndrome, diabetes, and potentially periodontitis than TyG
alone.”” ! Despite the evidence linking obesity, insulin resistance, and periodontitis, the role of TyG index-related
indicators in the association between central obesity and periodontitis is not well studied. This gap in knowledge is
important to address, as understanding the mechanisms linking central obesity to periodontitis could help in developing
more targeted interventions and preventive strategies.

In this cross-sectional study, we seek to examine the correlation and potential mediating mechanisms. Our findings
present fresh insights into the influence of central obesity, as evaluated by WWI, on the prevalence of periodontitis and
underscore the significance of TyG-related indicators in mediating this connection.

Methods
Study Population and Design

This research encompassed individuals aged 18 years and above who had undergone routine health assessments at the
health examination center of Shanghai Health and Medical Center. Utilizing a random cluster sampling method to ensure
a representative sample, the study initially identified several clusters, which were then randomly selected. From these
chosen clusters, all eligible individuals were included in the study. To begin with, the study sample comprised 52,114
adults for this cross-sectional analysis. Exclusion criteria for participants were based on the following conditions: (1)
incomplete medical information; (2) weight and waist circumference not available; (3) oral health examination not
available; (4) pregnant participants. After excluding these individuals, a total of 39,522 participants were included in the
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Attending annual health check-
up populations from October 2022
to July 2023 (N=52,114)

Exclusion:

(1) Weight and waist circumference not
available(n=4,022).

(2) Oral health examination not available
(n=1,753).

(3) Incomplete medical data (n=6,798)
(4) Aged under 18 years (n=19)

A 4

39,522 eligible participants
were finally included

Figure | Flowchart of study participants.

study (Figure 1), consisting of 15,993 females and 23,529 males with average age of 47+12 years. In accordance with the
ethical standards of the Declaration of Helsinki, this cross-sectional study received approval from the ethics committee of
Health Examination Center of Shanghai Health and Medical Center (Wuxi, China). All participants provided written
informed consent before study participation.

Sample Size Estimation

To ensure our analysis was adequately powered, we conducted a power analysis using PASS 2021 software. With a 30%
prevalence of periodontitis, the analysis revealed that we needed a sample size of 1329 participants to detect a significant
effect at the 0.05 significance level with 80% power. Accounting for an estimated 10% non-response rate, we increased
the sample size to 1462. Ultimately, our study enrolled 39,522 participants, exceeding our target sample size. This large
sample size provides sufficient statistical power to identify significant associations within the data.

Assessment of Covariates

A standard questionnaire was employed to gather basic demographic data, including participants’ age, sex, and habits
related to tobacco and alcohol consumption. For the purposes of this study, smoking was categorized based on a habit of
smoking three or more cigarettes daily over the course of a year, and alcohol use was identified by regular intake, defined
as three or more drinking occasions weekly, sustained for at least twelve months. Following a 12-hour overnight fast,
fasting venous blood samples were obtained from all subjects enrolled in the study. Blood samples were collected by
certified phlebotomists who are trained in venipuncture techniques and adhere to standard operating procedures to ensure
sample integrity. Levels of fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), neutrophils (NE), and lymphocytes
(LY) were measured using an automatic hematology analyzer. Strict quality control procedures were adhered to in the
laboratory.

Furthermore, we gathered pertinent health data, inquiring about participants’ medical histories regarding hypertension
or diabetes, and their medication regimens. Diabetes was identified through fasting blood glucose (FBG) levels of
7.0 mmol/L or higher, the use of insulin or hypoglycemic medications, or by self-reported diagnosis.>* Hypertension was
diagnosed if systolic blood pressure (SBP) was 140 mmHg or higher, or diastolic blood pressure (DBP) was 90 mmHg or
higher, coupled with the ongoing use of antihypertensive drugs.*® Dyslipidemia was characterized by total cholesterol
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(TC) levels of 5.2 mmol/L or more, low-density lipoprotein cholesterol (LDL-C) levels exceeding 3.4 mmol/L, high-
density lipoprotein cholesterol (HDL-C) levels below 1.0 mmol/L, or triglycerides (TG) exceeding 1.7 mmol/L.*

The physical examination involved the measurements of blood pressure and anthropometric indices including height,
weight, and waist circumference (WC). BMI was computed by the ratio of body mass in kilograms to the square of
height in meters. The waist-to-height ratio (WHtR) was defined as the WC divided by standing height. After a rest period
of at least five minutes, arterial pressure measurements, both systolic and diastolic, were taken on the right arm utilizing
a sphygmomanometer, and the mean value of two such measurements was determined. WWI is an anthropometric metric
based on WC and body weight, utilized for central obesity assessment. Each participant’s WWI was calculated utilizing
the formula which involves the division of WC by the square root of the body weight, rounding the resulting value to two
decimal places (WWI = WC/body weight'?, where WC is in cm and body weight is in kg). An elevated WWI suggests
a more pronounced level of obesity.®

Furthermore, the TyG index was determined using the formula: TyG = In [fasting triglycerides (mg/dL) x fasting
glucose (mg/dL) / 2].%* The TyG-BMI was derived by the product of the TyG index and BMI. Similarly, TyG-WC was
obtained by multiplying the TyG index by WC, and TyG-WHtR was the result of the TyG index multiplied by the
WHIR.>

Ascertainment of Periodontitis

Assessments for periodontitis was conducted by experienced dentists with a minimum of five years of clinical practice in
periodontology. All examiners were calibrated to ensure consistent application of diagnostic criteria according to the
American Academy of Periodontology guidelines for every study participant. The oral health status was evaluated by
examining specific teeth: the maxillary right first molar, maxillary left central incisor, maxillary left first premolar,
mandibular left first molar, mandibular right central incisor, and mandibular right first premolar. In cases where these
teeth were absent, an alternative tooth was selected following the guidelines suggested by Fleiss et al.*® Various
periodontal measurements, including probing depth (PD), clinical attachment level (CAL), and bleeding on probing
(BOP), were recorded at six sites around each tooth using a standardized periodontal probe. The presence of periodontitis
was determined based on the clinical criteria established by the joint efforts of the Centers for Disease Control and
Prevention and the American Academy of Periodontology for epidemiological monitoring (CDC/AAP), Severe period-
ontitis was characterized by the presence of at least two non-adjacent interproximal sites with a clinical attachment level
(CAL) of 6 mm or more, along with at least one interproximal site exhibiting a probing pocket depth (PPD) of 5 mm or
greater. Moderate periodontitis was identified by either at least two non-adjacent interproximal sites with a PPD of 5 mm
or more or at least two non-adjacent interproximal sites with a CAL of 4 mm or more.>” Moderate or severe periodontitis
was indicative of periodontitis diagnosis, with cases of no or mild periodontitis serving as the comparative reference

group.

Statistical Analysis

Data analyses were carried out utilizing SPSS version 23.0 and R software version 4.1. The Kolmogorov—Smirnov test
was applied to determine the normality of the data distributions. Variables with a normal distribution were expressed as
the mean (+standard deviation), those with a skewed distribution as the median [with interquartile range], and categorical
variables were depicted as frequencies (and proportions). For comparing continuous variables between groups, either the
one-way ANOVA or the Kruskal-Wallis H-test was utilized, whereas categorical variables were assessed using the chi-
square test. A multivariable logistic regression analysis was conducted to investigate the relationship between WWI and
the risk of periodontitis, with three different models accounting for potential confounders. Model 1 incorporated
adjustments for sex and age, Model 2 further adjusted for smoking, drinking, and BMI, and Model 3 included additional
adjustments for diabetes, hypertension, dyslipidemia, and NLR. We also employed restricted cubic splines with four
knots positioned at the 5th, 35th, 65th, and 95th percentiles of the WWI distribution to model the potential non-linear
relationship between WWI and periodontitis risk, stratified by gender. Additional subgroup analyses and interaction tests
were performed to evaluate the stability of the association between WWI and periodontitis across different subgroups
defined by gender, age, BMI, WC, smoking, drinking, hypertension, diabetes, and dyslipidemia. For subgroup analysis,
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participants were classified using the following criteria: age categories: 18—44 years (Young), 45-65 years (Middle-aged),
over 65 years (Elderly); BMI Classifications: Below 24 kg/m? (lean/normal subject), 24 kg/m” and above (overweight/
obese subject); Waist Circumference thresholds: men >90 cm, women >85 cm. Mediation analysis was conducted to
explore the direct and indirect effects of WWI on periodontitis through TyG-related indices, using the “mediation”
R package. A significance level of 0.05 was used for statistical tests.

Results

Baseline Characteristics of Study Populations

Table 1 outlines the clinical characteristics of 39,522 participants, with columns displaying stratified groups based on
WWI quartiles. The average (SD) value of WWI for all participants was 9.92 (0.57) cm/kg "%, ranging from 7.49 to
12.65 cm/kg 12 All participants were divided into quartiles based on WWI values, namely 7.49-9.52 (1** quartile,

Table | Baseline Characteristics of All Participants

Characteristic Overall WWI Quartiles P-value | P (o ¢rend
N = 39,522
QI (7.49-9.52) | Q2 (9.52-9.91) | Q3 (9.91-10.3) | Q4 (10.3-12.65)
N =9798 N =10,016 N =9778 N = 9930
Age (meaniSD, years) 47+ 12 40+ 10 45 + |1 49 £ 11 54+ 11 <0.001 <0.001
Sex, n (%) <0.001 <0.001
Female 15,993 (40.5%) 6044 (61.7%) 4349 (43.4%) 3023 (30.9%) 2577 (26.0%)
Male 23,529 (59.5%) 3754 (38.3%) 5667 (56.6%) 6755 (69.1%) 7353 (74.0%)
Smoking, n (%) <0.001 <0.001
No 29,869 (75.6%) 8662 (88.4%) 8012 (80.0%) 6966 (71.2%) 6229 (62.7%)
Yes 9653 (24.4%) 1136 (11.6%) 2004 (20.0%) 2812 (28.8%) 3701 (37.3%)
Drinking, n (%) <0.001 <0.001
No 33,477 (84.7%) 9130 (93.2%) 8784 (87.7%) 8005 (81.9%) 7558 (76.1%)
Yes 6045 (15.3%) 668 (6.8%) 1232 (12.3%) 1773 (18.1%) 2372 (23.9%)
WC (meantSD, cm) 82+ 10 737 807 85+7 90 + 8 <0.001 <0.001
WHtR (meantSD, cm) 0.49 + 0.05 0.44 + 0.03 0.48 + 0.03 0.50 + 0.03 0.54 + 0.04 <0.001 <0.001
BMI (meantSD, kg/m?) 244 £ 34 22.7 £3.0 239 £ 3.1 249 £ 3.1 26.1 +34 <0.001 <0.001
SBP (meaniSD, mmHg) 122 + 16 1515 120 + |6 124 + |6 128 + |6 <0.001 <0.001
DBP (meantSD, mmHg) 74 £ 11 70 10 7310 75+ 11 76 £ 11 <0.001 <0.001
FPG [median (IQR), mmol/L] 5.19 (4.90, 5.59) | 5.00 (4.76, 5.27) | 5.13 (4.86, 5.46) | 5.26 (4.97, 5.67) 5.44 (5.07, 6.05) <0.001 <0.001
Hypertension, n (%) <0.001 <0.001
No 34,547 (87.4%) 9269 (94.6%) 9067 (90.5%) 8353 (85.4%) 7858 (79.1%)
Yes 4975 (12.6%) 529 (5.4%) 949 (9.5%) 1425 (14.6%) 2072 (20.9%)
Diabetes, n (%) <0.001 <0.001
No 37,178 (94.1%) 9652 (98.5%) 9665 (96.5%) 9159 (93.7%) 8702 (87.6%)
Yes 2344 (5.9%) 146 (1.5%) 351 (3.5%) 619 (6.3%) 1228 (12.4%)
Dyslipidemia, n (%) <0.001 <0.001
No 23,533 (59.5%) 7061 (72.1%) 6167 (61.6%) 5295 (54.2%) 5010 (50.5%)
Yes 15,989 (40.5%) 2737 (27.9%) 3849 (38.4%) 4483 (45.8%) 4920 (49.5%)
Periodontitis, n (%) <0.001 <0.001
No 26,363 (66.7%) 7951 (81.1%) 7173 (71.6%) 6042 (61.8%) 5197 (52.3%)
Yes 13,159 (33.3%) 1847 (18.9%) 2843 (28.4%) 3736 (38.2%) 4733 (47.7%)
TG [median (IQR), mmol/L] 1.23 (0.86, 1.83) | 0.91 (0.69, 1.30) 1.16 (0.84, 1.70) 1.38 (0.98, 2.00) 1.55 (1.11, 2.22) <0.001 <0.001
TC [median (IQR), mmol/L] 4.81 (4.26,5.41) | 4.69 (4.18,526) | 4.80 (4.25,5.38) | 4.88 (4.32, 5.48) 4.89 (4.29, 5.51) <0.001 <0.001
LDLC [median (IQR), mmol/L] | 3.10 (2.57, 3.64) | 2.94 (2.46, 3.47) | 3.09 (2.58,3.63) | 3.19 (2.66, 3.72) 3.18 (2.62, 3.73) <0.001 <0.001
HDLC [median (IQR), mmol/L] | 1.28 (1.07, 1.56) | 1.48 (1.22, 1.75) 1.31 (1.09, 1.57) 1.22 (1.04, 1.47) 1.18 (1.00, 1.39) <0.001 <0.001
WABC [median (IQR), #10°/L] 6.00 (5.12,7.03) | 5.75 (491, 6.72) | 593 (5.04, 6.93) | 6.10(5.20, 7.14) 6.25 (5.34, 7.32) <0.001 <0.001
NLR 1.51 (1.20, 1.90) 1.44 (1.15, 1.83) 1.50 (1.19, 1.89) 1.51 (1.21, 1.90) 1.57 (1.25, 1.97) <0.001 <0.001

Notes: Continuous variables are presented as mean * standard deviation or median (interquartile) with number (proportion, %) for categorical variables. P values among
groups are calculated by one-way ANOVA or Kruskal-Wallis H-tests for continuous variables, Chi-square test for categorical variables.

Abbreviations: WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, triglycerides;
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; WBC, white blood cell; NLR, neutrophil to lymphocyte
ratio.
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n=9798), 9.52-9.91 (2" quartile, n=10,016), 9.91-10.3 (3™ quartile, n=9778), and 10.3-12.65 (4™ quartile, n=9930).
Among all participants, 13,159 subjects (33.3%) were diagnosed as periodontitis, and it increased with the higher WWI
quartiles (P for trend<0.001). Notable variations were observed across WWI quartiles with respect to age, sex, smoking,
drinking, WC, BMI, WHtR, SBP, DBP, FPG, hypertension, diabetes, dyslipidemia, TG, TC, HDL-C, LDL-C, WBC and
NLR (all P values<0.001). Besides, when contrasted with participants in the lowest quartile of WWI, those in the highest
quartile were predominantly older adults, males, and more frequently engaged in smoking and drinking habits. They also
exhibited a higher prevalence of comorbidities such as diabetes, hypertension, and dyslipidemia. Concurrently, an
elevated WWI was typically associated with increased markers of WC, BMI, WHtR, systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), white blood cell count (WBC), and neutrophil-to-lymphocyte ratio (NLR), whereas the
levels of high-density lipoprotein cholesterol (HDL-C) were found to be reduced. (P for trend<0.001).

Association Between WWI and Periodontitis by Gender

Table 2 summarizes the findings from the multivariate logistic regression analyses using three distinct models.
A significant positive association was confirmed between WWI and the likelihood of periodontitis, which was consis-
tently significant in all model iterations. After accounting for all potential confounding factors, a uniform increment in
WWI by one unit was associated with a 37% higher likelihood of periodontitis (OR=1.37, 95% CI: 1.30-1.43). When
stratified by gender, the odds ratios (95% CI) for the WWI-periodontitis link were 1.39 (1.31-1.48) for males and 1.31
(1.21-1.41) for females. This correlation was similarly stable when WWI was categorized into quartiles, with those in the
highest quartile showing a markedly increased risk of periodontitis (OR=1.82, 95% CI: 1.69-1.96) compared to those in
the lowest. This trend was evident in both males (OR=1.69, 95% CI: 1.55-1.84) and females (OR=1.47, 95% CI:
1.30-1.66). Additionally, we utilized a restricted cubic spline model to validate the potential non-linearity in the
relationship between WWI and periodontitis, and the results indicated a non-linear positive correlation between WWI

Table 2 Multivariable Regression Analysis of Association Between WWI and Periodontitis Risk

Model | Model 2 Model 3

OR 95% CI p-value | OR 95% CI p-value | OR 95% CI p-value
WWI (total) 1.37 | 1.30, 1.43 <0.001 1.38 | 1.32, 1.45 <0.001 1.37 | 1.30, 1.43 <0.001
Quartile | Ref. Ref. Ref.
Quartile 2 1.29 | 1.20, 1.38 <0.001 1.31 1.22, 1.40 <0.001 1.30 | 1.21, 1.39 <0.001
Quartile 3 1.62 | 1.51, 1.74 <0.001 1.65 | 1.54, 1.77 | <0.001 1.63 | 1.52, 1.75 <0.001
Quartile 4 1.81 1.69, 1.95 <0.001 1.85 | 1.72, 2.00 <0.001 1.82 | 1.69, 1.96 <0.001
WWI (male) 1.45 | 1.36, 1.54 <0.001 1.41 1.33, 1.50 <0.001 1.39 | 1.31, 1.48 <0.001
Quartile | Ref. Ref. Ref.
Quartile 2 1.35 | 1.24, 1.46 <0.001 1.34 | 1.23, 1.46 <0.001 1.33 | 1.22, 1.45 <0.001
Quartile 3 1.80 | 1.66, 1.96 <0.001 1.76 | 1.62, 1.92 <0.001 1.74 | 1.60, 1.89 <0.001
Quartile 4 1.78 | 1.63, 1.94 <0.001 1.72 | 1.57, 1.88 <0.001 1.69 | 1.55, 1.84 <0.001
WWI (female) | 1.32 | 1.22, |.42 <0.001 1.32 | 1.22, 1.42 <0.001 1.31 1.21, 1.41 <0.001
Quartile | Ref. Ref. Ref.
Quartile 2 0.87 | 0.78, 0.98 0.026 0.87 | 0.77, 0.98 0.024 0.86 | 0.77, 0.97 0.015
Quartile 3 1.25 | 1.12, 1.41 <0.001 1.25 | 1.12, 1.41 <0.001 124 | 1.10, 1.39 <0.001
Quartile 4 1.49 | 1.32, 1.68 <0.001 1.49 | 1.31, 1.68 <0.001 1.47 | 1.30, 1.66 <0.001

Notes: Model |: adjusted for sex and age. Model 2: adjusted for sex, age, smoking, drinking, and BMI. Model 3: adjusted for sex, age,
smoking, drinking, BMI, diabetes, hypertension, dyslipidemia, and NLR.
Abbreviations: OR, Odds Ratio; Cl, Confidence Interval.
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Figure 2 Dose-relationship between WWI and periodontitis by gender.

and periodontitis among all participants or stratified by gender (all P for non-linear<0.05) (Figure 2). Furthermore,
increasing value of WWI significantly increased the periodontitis when WWI was above 9.89 for all subjects, 10.07 for
male and 9.69 for female, but showed a significant protective effect below this value.

Subgroup Analysis

We performed a stratified analysis to evaluate the consistency of our results, categorized by gender, age, BMI, WC,
smoking habits, alcohol consumption, hypertension, diabetes, and dyslipidemia, with adjustments for potential con-
founding variables. The specific outcomes of these subgroups are depicted in Figure 3. The correlation between WWI

subgroup Periodontitis(+) Periodontitis(-) OR (95% Cl) P for interaction
Sex N1=13159 N2=26363 ! 0.893
Male 9031 14498 5 —.— 1.39 (1.31, 1.48)
Female 4128 11865 —e— 1.31 (1.21,1.41)
Age(years) i 0.001
18~44 2960 14060 i —— 1.43 (1.30, 1.56)
45~65 8969 10952 —— 1.39 (1.31, 1.48)
>65 1230 1351 —_—————— 1.35(1.16, 1.57)
BMI(kg/m2) i 0.302
<24 5426 13199 i e 1.29 (1.20, 1.39)
>24 7733 13164 —e— 1.43 (1.34, 1.53)
WC(cm) ; 0.487
male < 90/female <85 9087 20563 I —— 1.43 (1.34, 1.52)
male>90/female>85 4072 5800 i —— 1.25(1.13, 1.39)
Smoking i 0.249
No 8670 21199 i —.— 1.37 (1.29, 1.45)
Yes 4489 5164 ——— 1.35(1.23, 1.48)
Drinking i 0.689
No 10420 23057 —e— 1.34 (1.27,1.41)
Yes 2739 3306 —e—— 1.51(1.35, 1.69)
Hypertension i 0.137
No 11015 23532 ! —e— 1.33 (1.27, 1.40)
Yes 2144 2831 ——e—— 1.56 (1.38, 1.76)
Diabetes : 0.001
No 11966 25212 i —e— 1.38 (1.31, 1.45)
Yes 1193 1151 —_————— 1.26 (1.07, 1.49)
Dyslipidemia 5 0.447
No 7176 16357 i —— 1.35(1.27, 1.44)
Yes 5983 10006 i —— 1.39 (1.30, 1.50)
1 14 1213 1516
Figure 3 Subgroup analysis.
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VG TyG-BMI

Proportion of mediation=13.13% Proportion of mediation=6.30%

WWI -I Bai(95%CT)=0.158(0.149,0.167)"" l-> Periodontitis WWI 1 Bai(95%C1)=0.170(0.162,0.179)"" |-> Periodontitis

TyG-WC TyG-WHIR

Proportion of mediation=16.46% Proportion of mediation=19.79%

WWI '| Bai(95%CI)=0.152(0.142,0.162)"" |-> Periodontitis WWI 4 Bai(95%CI)=0.146(0.136,0.157)""" ]—> Periodontitis

Figure 4 Mediation analyses of the association between WWI and periodontitis through TyG-related indicators. ***, P value<0.001.

and periodontitis proved to be robust across a variety of subgroups. Moreover, our data indicated that the association
between WWI and periodontitis was consistent irrespective of gender (male/female), BMI (below 24 kg/m? / 24 kg/m? or
above), WC [for males (below 90 cm) and females (below 85 cm) / for males (90 cm or above) and females (85 cm or
above)], smoking (yes/no), alcohol use (yes/no), hypertension (yes/no), and dyslipidemia (yes/no) (all P for interac-
tions>0.05). However, a notable interaction was identified concerning age and diabetes status (all P-values for interaction
were 0.001), implying that the influence of WWI on periodontitis might differ with respect to age group and diabetes
status, with a more pronounced impact in younger, non-diabetic individuals.

Mediation Analysis Through TyG-Related Indicators

Figure 4 presents that mediating effect of TyG-related parameters on the association between WWI and periodontitis risk.
This study revealed a significant indirect effect of WWI and periodontitis risk (all P value<0.001). The proportions
mediated by TyG, TyG-BMI, TyG-WC, and TyG-WHIR on the association of WWI and periodontitis risk were 13.13%,
6.30%, 16.46% and 19.79%, respectively. Additionally, the results also show a significantly direct and indirect
coefficients between WWI and periodontitis through TyG, TyG-BMI, TyG-WC and TyG-WHtR (all P value<0.001).

Discussion
In this comprehensive cross-sectional analysis involving 39,522 participants, a positive correlation was observed between
the weight-adjusted waist index (WWI) and the incidence of periodontitis. This finding points to a probable connection
between WWI and an increased risk of periodontitis. Upon closer inspection, after categorizing the data based on factors
such as gender, BMI, WC, smoking habits, alcohol consumption, hypertension, and dyslipidemia, the association
between WWI and periodontitis remained strong. This suggests a consistent positive connection across these subgroups,
with the impact of different age ranges and diabetes status being particularly significant. Besides, the mediation analysis
further revealed that the TyG index and its related obesity measures—TyG-BMI, TyG-WC, and TyG-WHtR—partially
mediated this relationship, accounting for 13.13%, 6.30%, 16.46%, and 19.79% of the effect, respectively.

A thorough analysis of a large participant pool has recognized the WWI as a more precise predictor of cardiometa-
bolic outcomes and mortality compared to traditional metrics like BMI, WC, and Waist-to-Height ratio.® Consequently, in
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this analysis, we adopted WWI as an innovative metric for gauging central obesity and its influence on body fat
distribution, aiming to delve into its association with periodontitis. Our results underscored a substantial positive
correlation between WWI and the incidence of periodontitis. These insights underscore the importance of stringent
WWI monitoring as part of obesity management, potentially serving as an additional tactic for bolstering periodontal
wellness.

The correlation between WWI and periodontitis was identified as substantial across a spectrum of age cohorts, with
a more pronounced effect in younger subjects. Overall, the association between obesity and periodontitis onset appears to
be more intense among the younger and middle-aged demographics relative to the elderly. This variance might stem from
several elements. It’s possible that older adults, having already experienced some tooth loss, may retain healthier
dentition. Furthermore, the natural aging process, which includes increased oxidative stress and reduced physical activity,
could contribute to a rise in adiposity.>*>° This insight implies that weight gain among the elderly who are obese might
be an outcome of senescence, whereas in younger cohorts, obesity might originate from earlier life stages. Lastly, the
lifestyle discrepancies between younger and older groups, with the former potentially engaging more frequently in
unhealthy eating patterns, such as excessive sugar and fat consumption, could intensify the connection between obesity
and periodontal health issues.*® Additionally, the link between WWI and periodontitis is believed to be more significant
in individuals without diabetes compared to those with diabetes. This difference can be attributed to various physiolo-
gical and metabolic factors that affect how adiposity interacts with periodontal health. Non-diabetic individuals typically
have better insulin sensitivity than diabetic patients. In diabetic patients, the presence of high blood glucose and advanced
glycation end products may already be causing inflammation, potentially masking the additional inflammatory effects of
obesity. Adipose tissue releases different adipokines, like leptin and adiponectin, which help regulate the immune system
and inflammation.'* Non-diabetic individuals with abdominal obesity may have an imbalanced release of these adipo-
kines, contributing to periodontal inflammation. On the other hand, diabetic patients may have an altered adipokine
profile due to their condition, affecting their susceptibility to periodontitis differently. Furthermore, non-diabetic
individuals with abdominal obesity may engage in unhealthy behaviors, like poor diet and lack of physical activity,
that independently raise the risk of periodontitis.*'** In diabetic patients, the focus on managing blood glucose levels
may overshadow the importance of oral health, leading to differences in how periodontal disease presents.

The underlying biological mechanism connecting central obesity WWI to periodontitis remains incompletely under-
stood. Abdominal obesity is increasingly recognized as a critical factor in the development of periodontitis, a chronic
inflammatory disease affecting the supporting structures of teeth. The pathophysiological mechanisms linking these two
conditions are multifaceted, involving insulin resistance, chronic inflammation, and adipose tissue dysfunction. Insulin
resistance, a key mediator in the relationship between abdominal obesity and periodontitis, triggers a cascade of
inflammatory responses that impair the immune system’s ability to combat periodontal pathogens.*> This dysregulation
exacerbates periodontal inflammation and bone loss, establishing a direct link between central adiposity and the

. . . 44,4
progression of periodontal disease,***

and our results also showed that insulin resistance indicators including TyG
index and its related indices significantly mediated the association between WWI and periodontitis. The TyG index has
emerged as a significant marker for insulin resistance and is increasingly being recognized for its potential in predicting
various metabolic disorders and cardiovascular diseases.””*® Recent study have highlighted its clinical utility in assessing
the risk of conditions like periodontitis, which is particularly relevant given the link between metabolic health and oral
diseases.”® The TyG index offers a simple and accessible measure that could be integrated into routine health assessments
to identify individuals at higher risk of metabolic complications, including periodontal issues. Insulin resistance fosters
an inflammatory milieu characterized by increased production of pro-inflammatory cytokines such as tumor necrosis
factor-alpha (TNF-a) and interleukin-6 (IL-6). These cytokines can exacerbate periodontal inflammation and impair the
host’s immune response to periodontal pathogens, thereby promoting periodontal tissue destruction.*® Moreover, adipose
tissue in obese individuals secretes various adipokines, including leptin, which can modulate immune cell function and
contribute to the progression of periodontitis.*” Elevated levels of leptin have been associated with increased bone
resorption and alveolar bone loss, a hallmark of periodontal disease.*® Additionally, the infiltration of immune cells into
adipose tissue can lead to the release of reactive oxygen species, further exacerbating oxidative stress and tissue damage
in periodontal tissues.*” The relationship between abdominal obesity and periodontitis is further complicated by the
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systemic effects of obesity, such as endothelial dysfunction and increased oxidative stress, which can impair the blood
supply to periodontal tissues and reduce their resistance to infection.’ 9-51 These mechanisms collectively contribute to the
increased susceptibility to periodontitis observed in individuals with abdominal obesity.

Nevertheless, the study acknowledges several inherent limitations. Initially, the cross-sectional nature of the research
precludes us from asserting a direct causal link between WWI and the incidence of periodontitis. Moreover, the
generalizability of our results is constrained to the Chinese demographic, and their applicability to other ethnic or
geographic groups remains uncertain. Additionally, the focus was solely on the detection of periodontitis, with no
assessment of its severity, which limits our ability to assess whether the association with WWI varies with the condition’s
intensity. Finally, the research did not account for a comprehensive range of potential confounding variables, including
dietary habits—such as the intake of dietary fiber or high levels of carbohydrates—or physical activity levels, which
could influence the correlation between WWI and periodontal health. Subsequent research should adopt a longitudinal
approach, encompass diverse populations, and account for extra variables such as dietary intake and physical activity
levels.

Conclusion

This study demonstrates that a high WWI is associated with an increased risk of periodontitis, with this relationship
differing among various age groups and diabetes statuses. The TyG index-related obesity indicators may partially account
for this association. However, further validation through additional prospective studies is necessary.
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