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Abstract

Smoking and central obesity have both been linked to periodontitis, but their combined
relationship with periodontal disease may be influenced by demographic and behavioral
factors. This cross-sectional study analyzed records of 420 adult dental patients attend-
ing the College of Dentistry at the University of Baghdad. Data included demographic
characteristics, smoking status, periodontal clinical findings, body mass index (BMI), and
waist-to-height ratio (WHtR). Periodontitis was defined according to the 2018 classifica-
tion framework, and logistic regression models were used to examine the associations
of smoking and obesity-related indicators with periodontitis. The overall prevalence of
periodontitis was 36.4%. Participants with periodontitis were significantly older than those
without periodontitis (46.0 vs. 28.9 years; p < 0.0001). In the fully adjusted model, age
remained the strongest factor associated with periodontitis (OR = 1.15 per year; 95% CI:
1.11–1.18; p < 0.001). The apparent association between smoking and periodontitis was
substantially influenced by age, as current smoking was more common among younger
participants in this sample. The association between smoking status and periodontitis
appeared to differ according to WHtR category (interaction term p = 0.016); however,
this finding should be interpreted cautiously because of the cross-sectional design and
age imbalance across exposure groups. Overall, the findings suggest that age was the
dominant factor associated with periodontitis in this dental patient sample, while the rela-
tionship between smoking, central obesity, and periodontitis requires further investigation
in longitudinal studies with detailed smoking and metabolic data.

Keywords: periodontitis; smoking; central obesity; waist-to-height ratio; cross-sectional
study; age

1. Introduction
Periodontitis is a chronic inflammatory disease affecting the supporting tissues of

the teeth, leading to periodontal ligament destruction and alveolar bone loss [1–3]. If
left untreated, periodontitis can result in tooth loss, affecting aesthetics, mastication, and
quality of life. Worldwide, the prevalence of severe periodontitis is thought to be 10–15%
of the global population; many more are affected by milder degrees of the disease [2,4].
The pathogenesis of periodontitis is largely attributed to an intricate interplay between
dysbiosis in the subgingival microbiome and the host’s immune-inflammatory response [5].
Although early dental biofilm formation is largely initiated by facultative Gram-positive
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bacteria, progression to periodontitis is associated with a dysbiotic subgingival biofilm
enriched with Gram-negative anaerobes. Disease progression and severity are further
influenced by host immune-inflammatory responses and environmental and behavioral
risk factors [6].

Of these modifiable risk factors, tobacco smoking is the most important one [7–9]. A
wealth of evidence, including many systematic reviews and meta-analyses, has unequiv-
ocally demonstrated that smokers have a significantly increased burden of prevalence
and severity of periodontitis when compared with non-smokers [10,11]. The prevalence
of periodontitis is thought to increase by 85% in smokers [7,8]. The pathophysiological
mechanisms are multifaceted. Tobacco use induces a more pathogenic subgingival mi-
crobial profile, depresses the activity of neutrophils (which are the first line of defense
against periodontal pathogens), and damages gingival microvasculature [11–13]. This
vascular dysfunction results in decreased blood flow and can cover up an important clinical
signal of inflammation, which is the bleeding on probing (BOP), typically providing the
wrong impression that smokers are periodontally healthy [13]. In addition, smoking can
negatively influence the results of non-surgical and surgical periodontal treatment, creating
difficulties in managing diseases in these patients [9].

Obesity has also been increasingly recognized as a major risk factor for several chronic
non-communicable diseases, including periodontitis [14,15]. Obesity is currently regarded
as a chronic condition with low-grade systemic inflammation [16]. Adipose tissue, visceral
fat in particular, is not only a passive reservoir of energy storage but an active endocrine
tissue that releases several pro-inflammatory cytokines (adipokines) like tumor necrosis
factor-alpha (TNF-α) and interleukin 6 (IL-6) [17,18].

In addition to classical inflammatory cytokines like TNF-α and IL-6, central obesity
is linked to changes in adipokine profiles. Leptin, adiponectin, resistin, and omentin-1
are mediators from adipose tissue that might connect visceral fat with periodontal inflam-
mation [19]. Leptin and resistin are usually linked to pro-inflammatory activity, while
adiponectin and omentin-1 are often seen as having anti-inflammatory or metabolically
protective roles. Changes in these adipokines can affect systemic inflammation, immune
responses, periodontal tissue breakdown, and healing after periodontal therapy [20].

These circulating inflammatory mediators can prime the host for an exaggerated
inflammatory response to bacterial challenge in the periodontium, thereby amplifying tissue
destruction [16]. While BMI is a convenient and widely used measure of general obesity, it
does not differentiate between fat and muscle mass or describe fat distribution. Measures
of central or abdominal obesity, such as Waist Circumference (WC) and Waist-to-Height
Ratio (WHtR), are considered better indicators of visceral adiposity and are more strongly
correlated with metabolic disease and systemic inflammation [21,22]. Several studies
have now demonstrated a stronger association between central obesity metrics like WHtR
and periodontitis compared to BMI, highlighting the importance of fat distribution in the
obesity-periodontitis axis [21,23].

In real clinical settings, behavioral and metabolic factors often coexist rather than acting
in isolation. Smoking and obesity may cluster within the same patient profile, creating
a complex metabolic-behavioral context that could influence periodontal health [24,25].
Nevertheless, the interaction of smoking, central obesity, and periodontitis is complex
and still difficult to interpret due to the possibility of unmeasured confounding factors
driven by age and lifestyle. Despite the evidence suggesting that both smoking and obesity
have negative effects on periodontal health, most previous studies investigated smoking
and obesity separately, and fewer have investigated whether their coexistence impacts
their associations with periodontitis, especially when central obesity is assessed using
waist-to-height ratio instead of only BMI.
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This question is relevant in dental patient populations, where behavioral and metabolic
risk indicators may coexist. Thus, the current cross-sectional study was conducted to
assess the associations between smoking status, obesity indicators (BMI and WHtR) and
periodontitis among adult patients attending a university dental clinic in Baghdad/Iraq.
The study also explored whether smoking and central obesity show evidence of metabolic-
behavioral risk clustering in relation to periodontitis. We hypothesized that smoking and
central obesity may interact in their association with periodontitis; however, given the cross-
sectional design, the study was intended to assess associations rather than causal effects.

2. Materials and Methods
2.1. Study Design and Population

This analytical cross-sectional study was based on a secondary analysis of existing clinical
records from 420 adult patients who attended the Periodontology Clinic, College of Dentistry,
University of Baghdad, Baghdad, Iraq. The dataset included demographic information,
smoking status, periodontal clinical findings, body weight, height, and waist circumference.

Eligible participants were adults aged 18 years or older who had complete records for
periodontal diagnosis, age, sex, smoking status, height, weight, and waist circumference.
Patients were excluded if they were edentulous or if the variables required for the present
analysis were incomplete. The sample therefore represents a university dental clinic sample
and should not be interpreted as a population-based sample of Iraqi adults.

The dataset included participants classified as periodontally healthy, having gingivitis,
or having periodontitis; therefore, the study population should be understood as dental
patients with complete periodontal records, not exclusively patients with periodontitis.

The study was approved by the Ethics Committee of the College of Dentistry, Uni-
versity of Baghdad, Iraq (Ref. number: 1249, approved on 7 January 2025). The study
was conducted in accordance with the Declaration of Helsinki, and informed consent was
obtained from all participants during the original data collection.

2.2. Clinical Examination

All included records contained full-mouth periodontal examination data. Periodontal
measurements were recorded at six sites per tooth, excluding third molars: mesiobuccal,
mid-buccal, distobuccal, mesiolingual, mid-lingual, and distolingual sites. The recorded
clinical parameters included probing pocket depth (PPD), clinical attachment loss (CAL),
bleeding on probing (BOP), and plaque index (PI). PPD was measured in millimeters
from the gingival margin to the bottom of the periodontal pocket. CAL was measured
in millimeters from the cemento-enamel junction to the bottom of the periodontal pocket.
BOP was recorded as present or absent after probing, and PI was used as a clinical indicator
of oral hygiene and biofilm accumulation.

The original dataset operationalized periodontal diagnosis according to the 2018
classification framework using full-mouth periodontal charting. Participants were classified
as periodontally healthy, having gingivitis, or having periodontitis on the basis of recorded
PPD, CAL, BOP, and plaque index findings. Periodontitis was identified when destructive
periodontal attachment loss was consistent with the 2018 case-definition framework [26],
including interdental CAL at two or more non-adjacent teeth or buccal/oral CAL of at least
3 mm with PPD greater than 3 mm at two or more teeth, when the clinical record did not
indicate a non-periodontal cause of attachment loss. Participants without periodontitis-
level attachment loss were classified as having gingivitis when gingival inflammation was
present without destructive periodontal attachment loss, or as periodontally healthy when
destructive attachment loss and relevant inflammatory findings were absent. Data on
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periodontitis stage, grade, extent, and localization were not consistently available for all
participants; therefore, these variables were excluded from the present regression models.

2.3. Variable Definitions

The primary outcome was the presence of periodontitis. For logistic regression analy-
sis, the diagnostic variable was converted into a binary outcome. Participants diagnosed
with periodontitis were coded as 1, while participants classified as periodontally healthy
or having gingivitis were combined into a no-periodontitis group and coded as 0. This
grouping was used to enable binary logistic regression.

Smoking status was analyzed as a binary exposure variable. Participants recorded
as current smokers were coded as 1 (current smokers were defined as participants who
reported smoking at the time of examination), while participants recorded as non-smokers
were coded as 0. Information on former smoking, smoking duration, pack-years, smoking
intensity, and type of tobacco product was not available in the dataset.

General obesity was assessed using body mass index (BMI), calculated as weight in
kilograms divided by height in meters squared. BMI was categorized according to World
Health Organization criteria as normal weight (<25 kg/m2), overweight (25–29.9 kg/m2),
and obese (≥30 kg/m2). For regression modeling, BMI was also converted into a binary
variable: normal weight (<25 kg/m2) and overweight/obese (≥25 kg/m2) [17].

Central obesity was assessed using waist-to-height ratio (WHtR), calculated by divid-
ing waist circumference by height. WHtR was categorized as normal (<0.5) or high risk
(≥0.5) based on commonly used clinical thresholds for central adiposity [21].

The main covariates included in the adjusted analyses were age, sex, education level,
and brushing frequency. Brushing frequency was recoded into three categories for regres-
sion analysis: 0×/day, 1×/day, and ≥2×/day. This grouping was used because the higher
brushing-frequency categories included very few observations and no periodontitis cases
in some categories.

Plaque index was described clinically but was not included in the primary regression
models. Age was analyzed as a continuous variable. Sex was coded as male or female.
Education level and brushing frequency were treated as categorical variables.

2.4. Statistical Analysis

All statistical analyses were performed using Python version 3.11 with the pandas,
scipy, and statsmodels libraries. Statistical significance was set at p < 0.05.

Descriptive statistics were calculated for the total sample and according to periodon-
titis status. Continuous variables were presented as mean ± standard deviation, while
categorical variables were presented as frequencies and percentages. Continuous variables
were compared between groups using independent t-tests or Mann–Whitney U tests, de-
pending on data distribution. Categorical variables were compared using the Chi-square
test or Fisher’s exact test when appropriate.

Logistic regression models were used to examine the associations of smoking status,
BMI, and WHtR with the odds of periodontitis. The adjusted models included age, sex,
education level, and brushing frequency. Plaque index was described clinically but was not
included in the primary adjusted models because it may function as both a local etiological
factor and a potential mediator within the periodontal disease pathway.

Three regression approaches were specified. Model 1 examined smoking status, BMI
category, and their interaction term. Model 2 examined smoking status, WHtR category,
and their interaction term. Model 3 used a combined exposure variable based on smoking
status and WHtR category, producing four mutually exclusive groups: non-smoker with
normal WHtR, non-smoker with high WHtR, smoker with normal WHtR, and smoker with
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high WHtR. The non-smoker with normal WHtR group was used as the reference category.
The full output of the regression models is provided in Supplementary Table S1.

Adjusted odds ratios (ORs), 95% confidence intervals (CIs), and p-values were reported.
Interaction terms were interpreted as statistical interactions or possible effect modifications,
not as proof of biological synergy. Because some combined exposure groups included
few periodontitis cases, these subgroup estimates were interpreted with caution.

3. Results
3.1. Sample Characteristics

The final study sample consisted of 420 participants. The mean age of the cohort was
35.2 ± 13.4 years, and 52.1% of participants were male. A high proportion of participants
had central obesity, with 74.3% showing a WHtR value of 0.5 or greater. Current smok-
ers represented 51.9% of the sample. The overall prevalence of periodontitis was 36.4%
(n = 153).

Table 1 and Figure 1 compare baseline demographic, behavioral, anthropometric,
and periodontal characteristics by periodontitis status. Participants with periodontitis
were significantly older than those without periodontitis (46.0 ± 12.7 vs. 28.9 ± 9.3 years;
p < 0.0001). The proportion of participants with high WHtR was also higher in the periodon-
titis group than in the no-periodontitis group (85.0% vs. 68.2%; p = 0.0002). As expected,
periodontal clinical parameters were worse among participants with periodontitis. The
mean PPD was 5.11 ± 0.66 mm in the periodontitis group compared with 2.53 ± 0.31 mm
in the no-periodontitis group, while the mean CAL was 3.96 ± 3.34 mm compared with
0.00 ± 0.00 mm, respectively.

Current smoking was less frequent among participants with periodontitis than among
those without periodontitis (27.5% vs. 65.9%; p < 0.0001). This finding should be interpreted
cautiously because smoking was more common among younger participants in this sample,
whereas periodontitis was strongly associated with older age.

Table 1. Baseline Characteristics of Study Participants.

Characteristic Total (n = 420) No Periodontitis
(n = 267)

Periodontitis
(n = 153)

Age (years), mean ± SD 35.2 ± 13.4 28.9 ± 9.3 46.0 ± 12.7
Male gender, n (%) 219 (52.1) 131 (49.1) 88 (57.5)
Current smoker, n (%) 218 (51.9) 176 (65.9) 42 (27.5)
BMI—Normal, n (%) 175 (41.7) 126 (47.2) 49 (32.0)
BMI—Overweight, n (%) 155 (36.9) 89 (33.3) 66 (43.1)
BMI—Obese, n (%) 90 (21.4) 52 (19.5) 38 (24.8)
WHtR ≥ 0.5 (high risk), n (%) 312 (74.3) 182 (68.2) 130 (85.0)
Plaque Index, mean ± SD 0.57 ± 0.24 0.49 ± 0.25 0.71 ± 0.14
BOP proportion, mean ± SD 0.37 ± 0.23 0.29 ± 0.24 0.51 ± 0.15
PPD (mm), mean ± SD 3.47 ± 1.33 2.53 ± 0.31 5.11 ± 0.66
CAL (mm), mean ± SD 1.44 ± 2.77 0.00 ± 0.00 3.96 ± 3.34

3.2. Combined Exposure Groups and Periodontitis Prevalence

Participants were classified into four combined exposure groups according to smoking
status and WHtR category: non-smoker with normal WHtR, non-smoker with high WHtR,
smoker with normal WHtR, and smoker with high WHtR. The unadjusted prevalence of
periodontitis differed across these groups, as shown in Table 2 and Figure 2.
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Figure 1. The figure summarizes differences in age, sex, smoking status, BMI category, WHtR category,
and periodontal clinical parameters between participants with and without periodontitis.

Table 2. Periodontitis Prevalence by Combined Exposure Group.

Exposure Group Total (n) Periodontitis Cases (n) Prevalence (%)

Non-smoker + Normal WHtR 39 19 48.7%
Non-smoker + High WHtR 163 92 56.4%
Smoker + Normal WHtR 69 4 5.8%
Smoker + High WHtR 149 38 25.5%

Figure 2. The stacked bar chart and heatmap show crude prevalence values and should be interpreted
considering the age imbalance across exposure groups.

The highest unadjusted prevalence of periodontitis was observed among non-smokers
with high WHtR, followed by non-smokers with normal WHtR. Lower unadjusted preva-
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lence values were observed among the two smoking groups. This pattern appears to be
strongly influenced by the sample’s age distribution, as non-smokers, particularly those
with high WHtR, were generally older than smokers. Therefore, these unadjusted sub-
group differences should not be interpreted as evidence that smoking is protective against
periodontitis, as shown in Table 2 and Figure 2.

3.3. Multivariable Logistic Regression Analysis

The results of the multivariable logistic regression analyses are summarized in Table 3
and Figure 3, with the full model outputs provided in Supplementary Table S1. Table 3
presents the adjusted combined-exposure model (Model 3). The adjusted models included
age, sex, education level, and brushing frequency. Plaque index was assessed clinically but
was not included in the primary regression models.

Table 3. Adjusted Odds Ratios for Periodontitis from Logistic Regression (Model 3).

Variable Adjusted OR (95% CI) p-Value Significance

Non-smoker + Normal WHtR Reference Reference —
Non-smoker + High WHtR 0.24 (0.09–0.64) 0.005 <0.01
Smoker + Normal WHtR 0.07 (0.02–0.31) <0.001 <0.001
Smoker + High WHtR 0.12 (0.04–0.35) <0.001 <0.001
Age (per year) 1.15 (1.11–1.18) <0.001 <0.001
Male gender 2.23 (1.14–4.36) 0.019 <0.05

OR, odds ratio; CI, confidence interval; WHtR, waist-to-height ratio. Model adjusted for age, sex, education level,
and brushing frequency. Brushing frequency was modeled as 0×/day, 1×/day, and ≥2×/day. Full outputs from
Models 1–3 are provided in Supplementary Table S1.

Figure 3. Forest plot of adjusted odds ratios for periodontitis from the combined smoking-WHtR
exposure model. The model was adjusted for age, sex, education level, and brushing frequency.
Brushing frequency was modeled as 0×/day, 1×/day, and ≥2×/day. Odds ratios are presented with
95% confidence intervals on a logarithmic scale.
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Across the adjusted models, age was the strongest factor associated with periodontitis.
Each additional year of age was associated with higher odds of periodontitis (adjusted
OR = 1.15; 95% CI: 1.11–1.18; p < 0.001). Male sex was also associated with higher odds
of periodontitis in the adjusted combined-exposure model (adjusted OR = 2.23; 95% CI:
1.14–4.36; p = 0.019).

In the model examining smoking and WHtR, the interaction term was statistically
significant (adjusted OR = 6.89; 95% CI: 1.44–33.05; p = 0.016), suggesting possible effect
modification. However, this finding should be interpreted cautiously because of the
cross-sectional design, age imbalance across exposure groups, and the small number of
periodontitis cases in some combined categories.

The adjusted odds ratios (ORs) for the combined exposure groups were lower than 1
when compared with the reference group (non-smoker with normal WHtR). This pattern
differs from the unadjusted prevalence values and indicates the extent to which age and
other covariates influenced the observed association. For this reason, the present dataset
does not support the assertion that smoking combined with high WHtR increased the odds
of periodontitis in this sample.

Figure 4 presents box-and-whisker plots for age, PPD, and CAL according to peri-
odontitis status. Participants with periodontitis showed higher median values for age, PPD,
and CAL than those without periodontitis. The plots provide a visual summary of data
variability and support the descriptive findings reported in Table 1.

Figure 4. Box-and-whisker plots showing the distribution of (A) age, (B) probing pocket depth (PPD),
and (C) clinical attachment loss (CAL) according to periodontitis status.

4. Discussion
The objective of this study was to evaluate how smoking and obesity-related indicators

are associated with the presence of periodontitis among Iraqi dental patients. The findings
indicate that this relationship was strongly influenced by age. Age was the dominant factor
associated with periodontitis in this dataset and shaped the interpretation of the observed
smoking- and obesity-related associations. The strong association between increasing age
and periodontitis is clinically plausible, as periodontitis reflects cumulative periodontal tis-
sue destruction over time. The 15% increase in the odds of periodontitis for each additional
year of age is consistent with global epidemiological evidence identifying age as a major
non-modifiable factor associated with periodontitis [27]. Periodontal status in the present
dataset was based on full-mouth periodontal examination, including PPD, CAL, BOP, and
plaque index, with diagnosis categorized according to the 2018 classification framework.

Perhaps the most difficult finding to interpret was the appearance of an apparently
protective association between smoking and periodontitis in the fully adjusted regression
models. This finding contrasts with the large body of evidence showing that smoking is a
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major risk factor for periodontitis [7–9,28]. It is therefore more likely to reflect a statistical ar-
tifact than a biological protective effect. In this sample, smoking was more prevalent among
younger participants, who had a lower prevalence of accumulated periodontal destruction.
Although age was included in the adjusted models, the strong imbalance between age and
smoking status appears to have reversed the expected direction of the association. This
pattern is compatible with the logic of Simpson’s paradox, where aggregated or imbalanced
data can lead to misleading associations. The present study should not be interpreted as
showing that smoking is protective. Rather, the observed smoking-periodontitis association
was strongly influenced by the age distribution of this particular dental patient sample.

A statistically significant interaction was observed between smoking and central
obesity measured by WHtR. This finding suggests possible effect modification between
smoking status and central obesity in their association with periodontitis. However, it
should be interpreted with caution, as a statistical interaction does not necessarily indicate
biological synergy, particularly in a cross-sectional dataset with a marked age imbalance
between exposure groups. Smoking may contribute to a local inflammatory microenvi-
ronment and impaired host defense, while visceral adiposity may contribute to low-grade
systemic inflammation through adipokine release. These mechanisms may help explain
why smoking and central obesity are clinically relevant in periodontal assessment, but the
present cross-sectional data do not establish a combined causal effect.

The observation that WHtR was informative in the interaction model is consistent with
the view that fat distribution may be metabolically relevant in periodontal research. Central
obesity is one component of metabolic syndrome and is linked to systemic inflammatory
and cardiometabolic risk factors [29,30].

Another point that should be considered is that smoking status may also be related
to changes in appetite, eating behavior, and body weight, particularly among individuals
who quit smoking. Post-cessation weight gain has been reported in the literature [31,32]
and may influence BMI, WHtR, and other obesity-related indicators. In the present study,
however, data on former smoking status, time since smoking cessation, dietary intake,
and weight change were not available. Therefore, the possible contribution of smoking
cessation-related behavioral changes could not be evaluated. The present findings suggest
that WHtR may be a useful central adiposity indicator in periodontal research; however,
its independent role in periodontitis should be interpreted cautiously and confirmed in
longitudinal studies. These findings are similar to research that has demonstrated a direct
association between WHtR and the presence of periodontal pockets, even in non-smoking
populations [22,23].

4.1. Clinical Implications

The present findings have some clinical implications, although they should be inter-
preted cautiously. Age was the dominant factor associated with periodontitis in this sample,
reinforcing the importance of regular periodontal screening and maintenance among older
adults. From a clinical perspective, smoking status and central obesity may still be useful
components of a broader periodontal risk assessment. However, the present findings do
not directly support recommending more intensive periodontal follow-up based only on
the combination of smoking and high WHtR. Maintenance planning should instead be
based on the overall clinical profile, including age, periodontal diagnosis, disease severity,
plaque control, systemic health, smoking history, and patient-specific risk factors. WHtR
may still be a simple and non-invasive measure that can help clinicians discuss general
metabolic health with patients, but its periodontal relevance should be confirmed in future
longitudinal studies.
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4.2. Limitations

This study has several limitations that should be considered when interpreting the
findings. First, the cross-sectional design does not allow causal relationships or temporal
sequence to be established between smoking, central obesity, and periodontitis. The results
should therefore be interpreted as associations rather than evidence of risk or causation.
This limitation is particularly important because age was strongly associated with peri-
odontitis and was not equally distributed across the smoking and WHtR groups, which
may have influenced the adjusted estimates and the interpretation of the interaction term.

Second, the study was based on a convenience sample of patients attending a univer-
sity periodontal clinic. Therefore, the findings may not be generalizable to the wider Iraqi
adult population. The sample size was based on the available eligible records and was
not determined by an a priori sample size calculation. This is especially relevant for the
interaction analysis, since interaction terms and combined exposure groups usually require
larger and more balanced samples.

Third, several potentially important confounding variables were not available in the
dataset, including diabetes status, detailed socioeconomic status, dietary intake, medication
use, access to dental care, and other systemic health factors. Smoking status was also
self-reported and analyzed only as current smoker or non-smoker. Information on former
smoking status, time since smoking cessation, smoking duration, pack-years, smoking
intensity, type of tobacco product, and smoking cessation-related weight change was
not available. These missing details may have limited the ability to evaluate the true
relationship between smoking, obesity-related indicators, and periodontal status.

Fourth, periodontitis was analyzed as a binary outcome. Although this approach was
necessary for the logistic regression models used in the present analysis, it simplifies a
complex and heterogeneous disease. Complete information on periodontitis stage, grade,
extent, and localization was not consistently available for all participants; therefore, these
variables could not be incorporated into the models. In addition, the no-periodontitis
group combined periodontally healthy participants and participants with gingivitis, which
may have introduced clinical heterogeneity and classification imprecision and the present
analysis did not model individual periodontal clinical parameters, such as PPD, CAL, BOP,
or plaque index, as separate continuous outcomes in relation to WHtR.

Fifth, examiner calibration data were not available in the secondary dataset. Since
periodontal measurements such as probing pocket depth, clinical attachment loss, and
bleeding on probing may be influenced by examiner variability, this should be considered
when interpreting the clinical findings. Finally, although plaque index was recorded and
described as a clinical parameter, it was not included in the primary adjusted models. This
is another relevant limitation, as plaque accumulation is a central local etiological factor
in periodontitis and may also confound or mediate the relationship between behavioral
factors and periodontal disease.

5. Conclusions
In this cross-sectional sample of Iraqi dental patients, age was the main factor associ-

ated with periodontitis. Although smoking and central obesity are recognized as clinically
relevant factors in periodontal and systemic health, their associations with periodontitis in
the present study were strongly influenced by the age structure of the sample. A statisti-
cally significant interaction was observed between smoking status and WHtR; however,
this finding should be interpreted cautiously and should not be considered evidence of
biological synergy or causality.

The findings suggest that smoking status and central obesity may form part of a
broader metabolic-behavioral profile relevant to periodontal assessment, but they do not
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establish an independent combined-risk effect in this dataset. Future longitudinal studies
with more detailed data on smoking history, diet, metabolic variables, and complete
periodontal staging and grading are needed to clarify the relationships among smoking,
central obesity, and periodontitis progression.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/obesities6040044/s1, Table S1: Full multivariable logistic regression
outputs for Models 1–3. The table reports adjusted ORs, 95% CIs, and p-values for all exposure
variables, interaction terms, and adjustment covariates.
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