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Abstract:
Objectives:  This  study  evaluated  the  association  between  periodontal  disease  and  metabolic  syndrome  (MetS),
examining the independent and combined effects of its five diagnostic components on periodontal disease prevalence.

Methods:  This  cross-sectional  analysis  utilized  data  from  the  2011–2012  and  2013–2014  survey  cycles  of  the
National Health and Nutrition Examination Survey (NHANES). These represent the most recent NHANES cycles that
included  a  full-mouth  clinical  periodontal  examination  of  adults.  Participants  were  adults  aged  ≥30  years  with
complete laboratory measurements for MetS and clinical periodontal assessments. Descriptive statistics were used to
summarize the characteristics of  the study population,  including weighted prevalence estimates and p-values for
demographic, behavioral, and inflammatory variables, and periodontal disease. Univariable and multivariable logistic
regression analyses were conducted to examine the association between periodontal disease and MetS, as well as
MetS components analyzed both individually and collectively.

Results:  A  total  of  3,368  participants  met  the  inclusion  criteria  for  this  study.  Among  them,  34.88%  (1,175
participants) had MetS. The groups most affected by MetS were participants aged 70 and older (44.33%), those with
the lowest education level (40.13%), low-income level (38.46%), smokers and former smokers (36.80% and 37.12%
respectively), high White Blood Cell (WBC) counts (51.72%), and those with periodontal disease (36.46%). In crude
analysis, MetS was significantly associated with periodontal disease (cOR = 1.29; 95% CI: 1.02-1.62). However, when
adjusting for confounding factors, the association was not statistically significant (aOR = 0.85; 95% CI: 0.63-1.14)
even when comparing the participants who had all five MetS components to those with no MetS (aOR=0.82, 95% CI:
0.35-1.92). Similar results were found when assessing the association between severe periodontal disease and MetS.
Elevated fasting glucose was the only MetS component that had a statistically significant association with periodontal
disease (aOR = 1.29; 95% CI: 1.04-1.60).

Discussion: The findings align with several prior studies reporting null associations, while inconsistencies in the
literature may be attributable to differences in populations, diagnostic criteria, confounder control, and sample size.
Despite limitations related to the cross-sectional design and NHANES data, this study is strengthened by its large,
nationally  representative  sample  and objectively  measured periodontal  and MetS variables.  Overall,  the  findings
suggest that shared socioeconomic and behavioral factors, rather than a direct biological relationship, may underlie
the observed patterns, highlighting the need for longitudinal research and targeted interventions to address health
disparities.

Conclusion:  While  periodontal  disease  and  MetS  share  similar  risk  factors,  this  study  found  no  significant
association between the two after adjusting for confounders. These findings emphasize the role of socioeconomic and
behavioral factors in improving both conditions. Future longitudinal studies are needed to explore potential causal
relationships and focus on mitigating health disparities through targeted interventions.
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Socioeconomic  status.
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1. INTRODUCTION
Metabolic  syndrome  (MetS)  encompasses  a  group  of

five  conditions,  which  are  insulin  resistance,  abdominal
obesity, abnormal lipid levels (high triglycerides and low
High-Density  Lipoprotein  [HDL]),  and  hypertension  [1].
This elevates the risk of Cardiovascular Disease (CVD) and
Type  2  Diabetes  Mellitus  (T2DM)  [2].  The  risk  of  these
outcomes  grows  with  the  number  of  MetS  components
present  [3].  Major  contributors  to  MetS  include  excess
body weight,  sedentary behavior,  and insulin  resistance,
with  age,  hormonal  changes,  and  genetic  factors  also
playing  a  role  [4].  In  the  United  States  (U.S.),  MetS
prevalence  has  been  rising  over  the  past  decade,
particularly  among  adults  with  lower  educational
attainment.  MetS  prevalence  also  increases  with  age,
affecting 60.9% of individuals over 60, compared to 25.3%
in younger adults aged 20-39 [5].

Multiple  professional  institutions  have  established
diagnostic frameworks for MetS that focus on a cluster of
dyslipidemia,  obesity,  elevated  blood  pressure,  and  high
glucose  levels  [6].  At  the  core  of  MetS  is  insulin
resistance,  a  condition  in  which  cells  cannot  effectively
respond to insulin, leading to reduced glucose uptake and
heightened  inflammation  [7].  This  resistance  is  often
linked  to  increased  Body  Mass  Index  (BMI)  and  waist
circumference,  reflecting  greater  visceral  fat  and
inflammation  [8].  Inflammation,  driven  by  immune  cells
and  adipose  tissue  releasing  molecules  like  TNF-α  and
interleukins,  exacerbates  insulin  resistance  and
contributes to MetS development [8]. Periodontal disease
is also a risk factor for T2DM and poor metabolic control.
Studies have investigated potential links and causal rela-
tionships between periodontal disease and MetS [9, 10].

Periodontal  diseases  comprise  a  spectrum  of
inflammatory disorders affecting the supporting tissues of
the  teeth,  potentially  resulting  in  tooth  loss  and
contributing  to  systemic  inflammatory  burden  [11].  The
onset  and  progression  of  these  conditions  are  largely
driven by dysbiosis of the oral microbiome, which triggers
immune-mediated  inflammatory  responses  that  promote
tissue  destruction  [11].  Common  forms  of  periodontal
disease are gingivitis and periodontitis, the latter being a
chronic inflammatory disease that causes irreversible loss
of  tissues  and  bone  surrounding  the  teeth,  eventually
leading  to  tooth  loss.  Excessive  inflammatory  responses
produce  cytokines,  ILs,  and  enzymes  like  MMPs,  which

contribute to tissue and bone degradation [4]. Periodontal
disease  represents  the  primary  cause  of  tooth  loss  in
adults  and  can  compromise  masticatory  function  and
overall  quality  of  life  [12].  Over  the  past  two  decades,
epidemiological  evidence  has  indicated  that  periodontal
conditions  are  linked  to  impaired  glucose  metabolism,
dyslipidemia,  low-grade  systemic  inflammation,  and
systemic  disorders  including  CVD  and  diabetes  [10].

Given that MetS is characterized by chronic low-grade
systemic  inflammation,  it  may  increase  susceptibility  to
other  inflammatory  conditions  [13].  This  has  led
researchers  to  examine  the  relationship  between  MetS
and adverse oral health outcomes, like periodontal disease
and  dental  caries  [10].  The  potential  link  between  MetS
and  periodontal  disease  may  involve  shared  genetic
predisposition  as  well  as  microbiologically  induced
systemic  inflammatory  responses  mediated  through  pro-
inflammatory  cytokines,  oxidative  stress  pathways,  and
central  adiposity  [7].  Few  recent  investigations  have
examined the relationship between MetS and periodontal
disease using nationally representative U.S. data. Existing
findings  remain  inconsistent  [14].  Therefore,  this  study
aimed  to  evaluate  the  association  between  MetS  and
periodontal  disease  utilizing  data  from  the  2011-2014
National  Health  and  Nutrition  Examination  Survey
(NHANES), which provides population-level estimates for
U.S.  adults.  In  addition  to  evaluating  the  association
between overall MetS and periodontal disease, this study
examined  the  independent  associations  of  each  MetS
component and the association according to the number of
MetS  components  present.  This  approach  provided  a
comprehensive  assessment  of  the  relationship  between
MetS  and  periodontal  health  in  U.S.  adults.

2. MATERIALS AND METHODS

2.1. Data Source and Participants
This  cross-sectional  analysis  used  data  from  the

2011–2012  and  2013–2014  survey  cycles  of  NHANES,  a
population-based  surveillance  program  designed  to
evaluate  the  health  and  nutritional  status  of  the  U.S.
civilian,  noninstitutionalized  population  through  a
complex,  multistage  probability  sampling  design  [15].
These  represent  the  most  recent  NHANES  cycles  that
included  full-mouth  clinical  periodontal  examinations,
allowing  standardized  assessment  of  periodontal  status.
NHANES integrates structured household interviews with
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standardized clinical examinations and detailed laboratory
assessments  conducted  in  specially  equipped  mobile
examination  centers  across  diverse  geographic  regions
[15].  Adults  aged  ≥30  years  with  complete  MetS
laboratory measurements and comprehensive periodontal
examination  data  were  included  in  the  present  analysis.
This  study  received  exemption  from  the  Harvard
Institutional  Review  Board  (IRB23-1410).  NHANES
protocols were approved by the National Center for Health
Statistics  Research  Ethics  Review  Board,  and  written
informed  consent  was  obtained  from  all  participants  in
accordance with the ethical standards of the Declaration
of Helsinki. This study followed the STROBE guidelines for
observational studies.

2.2. Periodontal Disease Assessment
Periodontal status was classified according to the case

definitions  proposed  by  the  Centers  for  Disease  Control
and  Prevention  and  the  American  Academy  of
Periodontology (CDC/AAP). Participants were categorized
as  having  no,  mild,  moderate,  or  severe  periodontal
disease based on interproximal Clinical Attachment Loss
(CAL)  and  Probing  Pocket  Depth  (PPD)  measurements.
Mild periodontal disease was defined by the presence of
≥2  interproximal  sites  with  CAL  ≥3  mm  and  ≥2
interproximal  sites  with  PPD  ≥4  mm  (not  on  the  same
tooth), or at least one interproximal site with PPD ≥5 mm.
Moderate periodontal  disease required ≥2 interproximal
sites with CAL ≥4 mm or ≥2 interproximal sites with PPD
≥5  mm  (not  on  the  same  tooth).  Severe  periodontal
disease was defined as ≥2 interproximal sites with CAL ≥6
mm  (not  on  the  same  tooth)  together  with  ≥1
interproximal  site  exhibiting  PPD  ≥5  mm  [16].  For
regression analyses, periodontal disease was additionally
dichotomized as present or absent.

2.3. Metabolic Syndrome Diagnostic Criteria
MetS was defined according to the criteria established

by  the  National  Cholesterol  Education  Program  Adult
Treatment Panel III (NCEP-ATP III). It is one of the most
widely applied definitions in epidemiological research [3].
MetS  was  identified  based  on  the  presence  of  three  or
more of the following five components:

Elevated fasting glucose: Fasting plasma glucose > 100
mg/dL
Hypertension: Blood pressure > 130/85 mmHg
Abdominal obesity: Waist circumference > 40 inches for
men or 35 inches for women
Elevated triglyceride levels: Fasting triglyceride levels >
150 mg/dL
Low  HDL  levels:  Fasting  HDL  cholesterol  levels  <  40
mg/dL for men or < 50 mg/dL for women [17].

2.4. Covariates
Additional  variables  considered  in  the  analysis

included demographic factors (age, gender, race/ethnicity,
income,  and  educational  attainment),  behavioral
characteristics  (time  since  last  dental  visit  and  smoking

status),  and  an  inflammatory  marker  (White  Blood  Cell
[WBC]  count).  To  facilitate  interpretation  and  maintain
consistency  with  previous  literature,  all  continuous
variables  were  categorized  into  discrete  groups.

Age was categorized into three groups (30-49, 50-69,
and  ≥70  years),  and  gender  was  recorded  as  male  or
female. Participants self-identified their race/ethnicity as
non-Hispanic White, non-Hispanic Black, Hispanic, Asian,
or other race. Household income was assessed using the
Poverty-Income Ratio (PIR) and classified as low (<1.38),
middle  (1.38-3.99),  or  high  (≥3.99).  Educational
attainment  was  grouped  into  four  categories:  less  than
high  school,  high  school  graduate,  some  college,  and
college  degree  or  above.

Regarding  behavioral  and  inflammatory  variables,
White  Blood  Cell  (WBC)  count  was  considered  normal  if
below  11,000/μL,  whereas  values  above  this  threshold
were  classified  as  indicative  of  systemic  inflammation.
Participants’  smoking  status  was  classified  as  current
smokers  (individuals  who  had  smoked  more  than  100
cigarettes  in  their  lifetime  and  continued  to  smoke),
former  smokers  (those  who  had  smoked  more  than  100
cigarettes  but  had  quit),  and  never  smokers  (individuals
who  had  smoked  fewer  than  100  cigarettes  in  their
lifetime)  [18].  Dental  visits  were  grouped  into  two
categories: participants who had a dental check-up within
the  past  12  months  and  those  whose  last  visit  occurred
more than one year ago [19].

2.5. Statistical Analysis
Data management and analyses were performed using

Stata version 16 (StataCorp,  USA).  Descriptive statistics
were  calculated  to  summarize  the  characteristics  of  the
study population, including weighted prevalence estimates
and chi-square p-values for demographic, behavioral, and
inflammatory variables, as well as periodontal disease and
its severity.

Univariable  and  multivariable  logistic  regression
models were developed using a forward-selection strategy,
adding potential confounders sequentially. Variables that
improved  the  adjusted  R2  were  retained  in  the  final
models. All analyses accounted for the complex NHANES
survey design by incorporating sampling weights, strata,
and primary sampling units.

Three  separate  logistic  regression  analyses  were
performed  to  estimate  crude  odds  ratio  (cOR),  adjusted
odds  ratio  (aOR),  and  95%  confidence  intervals  for  the
associations between periodontal  disease and (1)  overall
MetS  prevalence,  (2)  the  number  of  MetS  components,
and  (3)  each  individual  MetS  component.  The  same
approach was applied to examine associations with severe
periodontal disease.

3. RESULTS
Table 1 provides an overview of the characteristics of

U.S.  adults  included  in  this  study,  consisting  of  3,368
participants  who  completed  both  laboratory  and  clinical
assessments  required  for  MetS  and  periodontal  disease
classification. Among the study population, 40.23% (1,492
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participants) had periodontal disease, and 34.88% (1,175
participants)  met  the  criteria  for  MetS,  with  prevalence
similar  between  men  and  women.  The  highest  MetS
prevalence was observed in participants aged 70 years or
older (44.33%), while the 30–49 age group had the lowest
prevalence  (26.95%).  When  examined  by  race/ethnicity,
Hispanic adults exhibited the highest prevalence (37.43%),
and Asian adults exhibited the lowest (22.36%). MetS was
less common among individuals with a college education
or  higher  (23.88%)  and  those  in  the  high-income  group

(28.42%). Regarding smoking status, never smokers had a
lower  prevalence  (31.08%)  compared to  former  smokers
(37.12%)  and  current  smokers  (36.80%).  Participants
whose  most  recent  dental  visit  occurred  over  one  year
prior demonstrated a slightly higher prevalence (37.20%).
Elevated  WBC  counts  were  linked  to  increased  MetS
prevalence (51.72%). Furthermore, participants with any
periodontal  disease  had  higher  rates  of  MetS  (36.46%),
especially  those  with  moderate  or  severe  periodontal
disease  (36.68%  and  36.56%,  respectively).

Table 1. Descriptive characteristics of U.S. adults with metabolic syndrome, NHANES 2011-2014.

Category Total # (3368) Total %a MetS # (1175) MetS % a p-valueb

Sex
Male 1689 50.23 583 35.41

0.189
Female 1676 49.76 592 32.19

Age groups
30-49 1472 47.56 399 26.95

< 0.001*50-69 1283 39.15 513 38.18
70+ 559 13.28 240 44.33

Race
White 1443 69.97 518 33.93

0.101
Hispanic 717 13.13 288 37.43

Black 715 9.75 249 33.07
Asian 414 4.93 96 22.36
Other 76 2.22 24 37.10

Education level
Less than high school 814 17.27 343 40.13

< 0.001*
High school 716 20.01 266 37.17

Some college 925 30.53 350 38.47
College or higher 907 32.19 214 23.88

Income level
Low income 1081 23.10 432 38.46

< 0.001*Middle income 1187 39.92 423 36.37
High income 847 36.98 236 28.42

Smoking status
Never smokers 1810 53.98 590 31.08

0.047*Former smokers 885 27.11 335 37.12
Current smokers 667 18.90 249 36.80

Last dental visit
1 Year or less 1928 63.94 624 31.95

0.058
More than a year 1434 36.06 551 37.20

WBC
No 3243 96.42 1109 33.13

< 0.001*
Yes 120 3.58 65 51.72

Periodontal disease
No 1562 59.77 479 30.86

0.033*
Yes 1492 40.23 550 36.46

Periodontal disease level
No 1562 59.77 479 30.86

0.176
Mild 57 2.28 13 33.03

Moderate 1113 30.82 421 36.68
Severe 322 7.13 116 36.56

Note: MetS: metabolic syndrome
a Weighted percentages
bp-value from the weighted chi-square analysis
* Significant result
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Table  2  summarizes  the  results  of  univariable  and
multivariable  logistic  regression  analyses  examining  the
association  between  periodontal  disease  and  MetS,  along
with  key  covariates.  After  adjustment,  females  had  47%
lower  odds  of  periodontal  disease  compared  to  males  (p-
value  <  0.001).  The  odds  of  having  periodontal  disease
increased with age, with participants aged 50-69 years and
≥70  years  showing  2.94-  and  5.50-fold  higher  odds,
respectively,  compared  to  the  30-49  age  group.

In terms of race/ethnicity, Black and Asian participants
had 2.14- and 2.29-fold higher adjusted odds of periodontal
disease relative to White participants.  Higher educational
attainment was associated with lower odds. Individuals with
a college degree or higher had 65% lower odds than those
with  less  than  a  high  school  education.  Likewise,
participants  in  the  high-income  category  had  48%  lower
odds compared to those in the low-income group.

Behavioral factors were also associated with periodontal
disease. Current smokers had 2.82 times higher odds than
never smokers, and participants whose last dental visit was
over a year ago had approximately twice the odds of having
periodontal  disease.  For  MetS,  the  crude  odds  of

periodontal  disease  were  29%  higher  among  individuals
with  MetS  (p-value  =  0.033)  compared  to  those  without.
However,  after  adjusting  for  confounders,  the  association
was  no  longer  statistically  significant,  with  MetS
participants having 0.85 times the odds (p-value = 0.2) of
having periodontal disease relative to non-MetS individuals.

Additional regression analyses focusing specifically on
severe periodontal  disease yielded results  consistent  with
those  observed  for  any  periodontal  disease,  showing  a
similar  pattern  of  associations  with  MetS  and  covariates.

Table  3  presents  the  findings  from logistic  regression
models  examining  the  association  between  periodontal
disease and the cumulative number of MetS components. In
the unadjusted analysis, individuals with four components
demonstrated  the  greatest  odds  of  having  periodontal
disease  (cOR  =  1.52;  95%  CI:  1.16-1.99)  relative  to
participants  without  MetS,  and  this  association  reached
statistical  significance (p-value = 0.004).  Although higher
crude odds were also observed among those with three and
five components (cOR = 1.20, 95% CI: 0.95-1.51 and cOR =
1.13,  95%  CI:  0.59-2.16,  respectively),  these  associations
did not reach statistical significance.

Table 2. Univariable and multivariable logistic regression analyses of periodontal disease, metabolic syndrome,
and associated covariates.

Category
Periodontal Disease

Crude OR(CI) p-value Adjust OR(CI) p-value

Sex (ref: male)
Female 0.60 (0.50- 0.71) < 0.001* 0.53 (0.45- 0.63) < 0.001*

Age groups (ref: 30-49)
50-69 1.79 (1.45-2.21) < 0.001* 2.94 (2.24- 3.85) < 0.001*
70+ 2.99 (2.33-3.84) < 0.001* 5.50 (4.07-7.42) < 0.001*

Race (ref: White)
Hispanic 2.12 (1.58- 2.86) < 0.001* 1.67 (1.23- 2.28) 0.003*

Black 2.58 (1.83-3.65) < 0.001* 2.14 (1.39-3.31) 0.002*
Asian 1.43 (1.02-2.01) 0.037* 2.29 (1.48-3.53) 0.001*
Other 1.43 (0.56-3.64) 0.441 1.35 (0.45-4.05) 0.564

Education level (ref: less than high school)
High school 0.51 (0.41- 0.64) < 0.001* 0.63 (0.47-0.85) 0.005*

Some college 0.32 (0.24-0.42) < 0.001* 0.48 (0.35-0.65) < 0.001*
College or higher 0.16 (0.12-0.22) < 0.001* 0.35 (0.25-0.49) < 0.001*

Income level (ref: low income)
Middle income 0.48 (0.36-0.64) < 0.001* 0.72 (0.52-0.98) 0.037*
High income 0.24 (0.19-0.31) < 0.001* 0.52 (0.36-0.74) 0.001*

Smoking status (ref: never smokers)
Former smokers 1.52 (1.13- 2.05) 0.007* 1.27 (0.88-1.85) 0.203
Current smokers 3.45 (2.71-4.40) < 0.001* 2.82 (1.95- 4.09) < 0.001*

WBC (ref: no inflammation)
Yes 1.94 (1.19- 3.18) 0.010* 1.47 (0.90-2.40) 0.112

Last dental visit (ref: 1 year or less)
More than a year 2.63 (2.05-3.37) < 0.001* 2.08 (1.49- 2.89) < 0.001*

MetS (ref: no)
Yes 1.29 (1.02- 1.62) 0.033* 0.85 (0.65-1.10) 0.200

Note: OR: odd ratio
CI: 95% confidence interval
MetS: metabolic syndrome
* Significant result
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Table  3.  Univariable  and  multivariable  logistic  regression  analyses  examining  the  relationship  between
periodontal  disease  and  the  number  of  MetS  components.

Category
Periodontal Disease

Crude OR(CI) p-value Adjust OR(CI) p-value

MetS level (ref: no MetS)
3 Components 1.20 (0.95- 1.51) 0.126 0.75 (0.56- 1.03) 0.070
4 Components 1.52 (1.16- 1.99) 0.004* 1.05 (0.77-1.43) 0.753
5 Components 1.13 (0.59- 2.16) 0.708 0.82 (0.35- 1.92) 0.618

Note: OR: odd ratio
CI: 95% confidence interval
MetS: metabolic syndrome
* Significant result

Table  4.  Univariable  and  multivariable  logistic  regression  analyses  examining  the  relationship  between
periodontal  disease  and  metabolic  syndrome  components.

Category
Periodontal Disease

Crude OR(CI) p-value Adjust OR(CI) p-value

Elevated fasting glucose (ref: no)
Yes 1.81 (1.59 - 2.07) < 0.001* 1.29 (1.04 -1.60) 0.022*

Abdominal obesity (ref: no)
Yes 1.11 (0.88 - 1.40) 0.356 1.06 (0.76 - 1.48) 0.696

Hypertension (ref: no)
Yes 1.56 (1.20 - 2.03) 0.002* 0.99 (0.69 - 1.43) 0.955

Low HDL (ref: no)
Yes 1.13 (0.88 - 1.46) 0.325 1.01 (0.77 - 1.31) 0.952

High triglyceride (ref: no)
Yes 1.05 (0.80 - 1.36) 0.728 0.84 (0.61 - 1.16) 0.261

Note: OR: odd ratio
CI: 95% confidence interval
MetS: metabolic syndrome
* Significant result

After adjusting for potential confounders, the odds of
periodontal  disease  among  participants  with  four
components were nearly equivalent to those without MetS
(aOR  =  1.05;  95%  CI:  0.77-1.43).  Additional  regression
analyses examining severe periodontal disease in relation
to  the  number  of  MetS  components  produced  results
consistent  with  those  observed  for  any  periodontal
disease,  showing  a  similar  pattern  of  associations.

Table  4  displays  the  results  of  univariable  and
multivariable  logistic  regression  analyses  evaluating  the
relationship  between  periodontal  disease  and  the
individual  components  of  MetS.  Prior  to  adjusting  for
confounding variables, participants with elevated fasting
glucose had higher odds of periodontal disease compared
to those with normal fasting glucose (cOR = 1.81; 95% CI:
1.59–2.07).  Similarly,  individuals  with  hypertension
exhibited  increased  crude  odds  of  periodontal  disease
relative to participants without hypertension (cOR = 1.56;
95% CI: 1.20–2.03).

After  accounting  for  potential  confounders,  elevated
fasting  glucose  was  the  only  MetS  component  that
remained  statistically  significantly  associated  with
periodontal  disease  (aOR  =  1.29;  95%  CI:  1.04–1.60).

Additional  regression  analyses  focusing  specifically  on
severe  periodontal  disease  produced  results  that  were
consistent with the patterns observed for any periodontal
disease across the different MetS components.

4. DISCUSSION
This study investigated the relationship between MetS

and  periodontal  disease  in  a  large,  nationally
representative sample of U.S. adults. Overall, individuals
with MetS tended to have a higher burden of periodontal
disease, particularly among older adults, those with lower
socioeconomic  status,  smokers,  and  participants  with
elevated  white  blood  cell  counts.  While  crude  analyses
suggested  positive  associations  between  periodontal
disease and both MetS overall and certain combinations or
components  of  MetS,  most  notably  elevated  fasting
glucose,  these  associations  were  no  longer  statistically
significant  after  accounting  for  potential  confounders.
Elevated  fasting  glucose  remained  the  only  component
that  demonstrated  a  consistent,  independent  link  with
periodontal disease, highlighting a potential  mechanistic
pathway  connecting  metabolic  dysfunction  with  oral
health  outcomes.
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The  significant  association  observed  in  the  crude
analysis was attenuated after adjustment for the available
confounding  factors,  suggesting  that  the  relationship
between MetS and periodontal disease may be influenced
by multiple interrelated factors. Although several potential
confounders  were  accounted for  in  the  present  analysis,
other  relevant  factors  that  were  unavailable  or  not
assessed,  such  as  disease  duration  and  tooth-brushing
frequency,  could  not  be  controlled  for  and  may  have
contributed to residual confounding [20]. Although MetS
and  periodontal  disease  share  biological  pathways
involving  systemic  inflammation,  oxidative  stress,  and
metabolic  dysregulation,  these  mechanisms  are  complex
and  may  not  result  in  an  independent  association  after
accounting  for  other  relevant  factors  [7].  MetS  has  also
been associated with changes in the salivary microbiome;
however,  it  remains  unclear  whether  these  changes
contribute  to  a  dysbiotic  microbiome  associated  with
periodontal  disease  [10].  Thus,  the  lack  of  a  statistically
significant adjusted association should not be interpreted
as  evidence  that  MetS  and  periodontal  disease  are
unrelated,  but  rather  as  an  indication  that  the  observed
relationship may not be independent of these factors.

In  this  study,  the  observed  associations  between
periodontal disease and demographic as well as behavioral
factors align with findings from previous research [21, 22].
While  several  studies  have  explored  the  relationship
between  MetS  and  periodontal  disease,  only  a  limited
number have utilized nationally representative U.S. samples
that  also  consider  individual  MetS  components  [14].  The
literature remains inconsistent, as some cross-sectional and
a few longitudinal studies report no significant associations
[23-26], consistent with the findings of this study, whereas
other investigations have identified a positive relationship
[27-29]. Differences across studies may reflect variations in
participant  age,  the  criteria  used  to  define  periodontal
disease  and  MetS,  the  extent  of  confounder  adjustment,
population  characteristics  including  cultural  and  genetic
backgrounds,  sample  size,  and  potential  selection  biases
[14]. Additionally, several studies suggest that associations
may be more significant in female populations [30-33].

Regarding  the  study  limitations,  several
methodological  considerations  should  be  acknowledged
when  interpreting  these  findings.  The  cross-sectional
nature  of  the  analysis  prevents  causal  inference,  as
exposure  and  outcome  variables  were  measured
simultaneously. In addition, behavioral information, such
as smoking history and timing of  the most recent dental
visit,  was  self-reported  and  collected  retrospectively,
which may introduce recall bias. Because NHANES does
not  include  institutionalized  individuals,  the  results  may
not be generalizable to populations residing in long-term
care  or  other  institutional  settings.  The  absence  of
radiographic assessments in NHANES may also limit the
precision  of  periodontal  disease  classification.  Finally,
important  determinants  of  oral  health,  including  oral
hygiene behaviors (such as tooth brushing frequency) and
use  of  fluoridated  toothpaste,  were  not  available  for
analysis  in  this  dataset  [15].

This  study  also  offers  several  important  strengths.  It
contributes to a limited body of research investigating the
relationship  between  periodontal  disease  and  MetS,
including overall MetS prevalence, individual components,
and component count,  within a nationally representative
U.S. sample. The use of NHANES data enhances external
validity and supports generalizability to the broader adult
population  while  reducing  the  risk  of  sampling  bias.
Periodontal status was determined through standardized
clinical  examinations  conducted  by  trained  dental
professionals  rather  than  self-report,  improving
measurement reliability. Likewise, MetS classification was
based on objective laboratory measurements and physical
assessments, minimizing recall bias and misclassification.
Finally,  the  analytical  approach  incorporated  multiple
established  confounders,  providing  a  more  robust
evaluation of the association and offering valuable insight
to guide future research in the field.

Although  no  statistically  significant  independent
association was observed between periodontal disease and
metabolic  syndrome  or  its  individual  components  after
adjustment,  both  conditions  demonstrated  consistent
relationships  with  key  demographic  and  behavioral
characteristics.  These  findings  suggest  that  the
relationship  between  periodontal  disease  and  MetS  may
be largely influenced by shared risk factors rather than a
direct biological connection. This highlights the persistent
health  disparities  experienced  by  individuals  of  lower
socioeconomic  status  and  reinforces  the  need  for
policymakers  to  prioritize  resources  and  targeted
interventions  for  underserved  populations.

CONCLUSION
Periodontal disease and MetS remain highly prevalent

conditions  in  the  United  States.  In  this  nationally
representative  sample  of  U.S.  adults,  there  was  no
statistically  significant  independent  association  between
periodontal  disease  and  MetS  after  adjustment  for
potential confounders, regardless of the number of MetS
components  or  periodontal  disease  severity.  Among  the
individual MetS components, elevated fasting glucose was
the  only  component  that  remained  independently
associated  with  periodontal  disease.  These  findings
suggest  that  shared demographic and behavioral  factors
may  contribute  to  the  observed  relationship  between
periodontal disease and MetS. Further longitudinal studies
are  needed  to  better  understand  the  temporal  and
potential causal relationships between MetS, its individual
components, and periodontal disease.
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