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Abstract
Background: A positive association between obesity based on body mass index
(BMI) and periodontitis has been reported. Fat tissue-related systemic inflam-
mation acts as the link to periodontal comorbidities of obesity. However, the
BMI is unable to distinguish fat and fat-free tissues. More precise measures are
required to evaluate body composition, including fat and fat-free tissues. This
study aimed to determine the sex differences in the association between dual-
energy x-ray absorptiometry (DXA)-measured body composition (i.e., fat mass
and muscle mass) and phenotypes with periodontitis.
Methods: Cross-sectional data of 3892 participants from the National Health
and Nutrition Examination Survey (NHANES) study 2011‒2014 were analyzed.
Adiposity indices (fat mass index [FMI] and percentage body fat [%BF]) and
muscle mass index (MMI) were calculated. The participants were categorized
by the quintiles of FMI, MMI, and %BF. Body composition phenotypes were
categorized as: low adiposity-low muscle (LA-LM), low adiposity-high muscle
(LA-HM), high adiposity-low muscle (HA-LM), or high adiposity-high muscle
(HA-HM), respectively. Periodontitis was defined by the CDC/AAP (Centers for
Disease Control and Prevention/American Academy of Periodontology) criteria.
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Multivariable logistic regression analysis was conducted, stratified by sex. We
further adjusted for white blood cell (WBC) counts in the sensitivity analysis.
Results: Restricted cubic splines revealed non-linear associations between body
composition indices and periodontitis risk. Women with a higher FMI (odds
ratio for Q5 vs. Q1 [ORQ5vs1] = 1.787, 95% confidence interval: 1.209–2.640) or
%BF (ORQ5vs1 = 2.221, 1.509–3.268) had increased odds of periodontitis. In addi-
tion, women with HA-LM phenotype were more likely to develop periodontitis
(OR= 1.528, 1.037–2.252). Interestingly, theWBC count, a systemic inflammatory
biomarker, attenuated these associations. No statistically significant associations
were found in men.
Conclusions: The association between DXA-measured body composition and
phenotypes with periodontitis differs per sex. Only in women higher adipos-
ity indices and HA-LM phenotype were associated with an increased risk of
periodontitis.

KEYWORDS
body composition, cross-sectional study, dual-energy x-ray absorptiometry, periodontitis, sex
difference

1 INTRODUCTION

Periodontitis is a chronic inflammatory disease that
destroys the tooth-supporting apparatus, due to an
immune response to dysbiotic plaque biofilms.1 With over
50% of the worldwide population having periodontitis,
it is the sixth most prevalent global condition.2 Notably,
the role of obesity in developing periodontitis has been
highlighted by the 2017 classification of periodontal
diseases and conditions.1 Obesity, a chronic inflammatory
disease, shares common socioeconomic determinants and
systemic risk factors with periodontal diseases.3 Excessive
adipose tissue functions as an active endocrine gland that
releases chemokines and elicits systemic inflammation,
worsening periodontal inflammation and increasing
periodontitis risk.4 A recent review indicated a positive
dose-response association between obesity and periodon-
tal disease, in which obesity was mainly measured by the
body mass index (BMI).5
Although BMI is commonly used as a marker of

obesity, it cannot distinguish between fat and fat-free
components.6 Specifically, BMI involves both fat and
muscle mass; however, obesity solely refers to fat accu-
mulation. Therefore, BMI-based obesity would lead to a
measurement error. It has been reported that this defini-
tion of obesity may misclassify health risks among moder-
ately overweight individuals.6,7 A recent population-based
study indicated a positive association between periodon-
titis andmetabolically unhealthy phenotype among adults
with overweight/obesity.8 Undoubtedly, excessive fat accu-

mulation plays a critical role in obesity comorbidities.
Dual-energy x-ray absorptiometry (DXA)-measured body
composition is a more accurate indicator of excess body
fat, and is appropriate for confirming the risks associated
with obesity.6,7 Nevertheless, inadequate data on the asso-
ciation between DXA-measured body composition and
periodontitis are available.
In prevalence data regarding both periodontal disease

and obesity, sex differences have been reported. Man-to-
woman prevalence ratios were 1.4 and 1.7 for ≥4 mm
and ≥5 mm probing depths, respectively.9 In addition,
the overall prevalence of obesity in the US population
was higher in women than in men.10 However, sex dif-
ferences in the associations between the two disorders
are inconsistent.11 Specifically, sex plays a critical role in
obesity outcomes, with women having higher fat accumu-
lation but fewer metabolic complications than men.12 In
contrast, the metabolic syndrome might have a stronger
association with periodontitis in women than in men.9
In addition, obese women exhibit more elevated systemic
inflammatory markers, indicating a molecular interre-
lationship between obesity and periodontal diseases.4,13
Therefore, whether the association between obesity and
periodontitis differs in terms of sex is still obscure, and
further studies are required.
DXA-measured body composition effectively distin-

guishes body composition components, including adipose
andmuscle tissues. DXA is widely used in epidemiological
research to measure adiposity due to its very low radia-
tion dose and accuracy.14 A recent review on periodontitis
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and obesity suggested that a DXA scan is a more accu-
rate method for measuring adiposity.5 To the best of our
knowledge, few studies have explored the role of sex in the
association of DXA-measured adiposity and muscle with
periodontitis. Therefore, we investigated the sex-specific
association between body composition and periodontitis,
using DXA-measured body composition as a measuring
tool for fat mass and muscle mass.

2 MATERIALS ANDMETHODS

2.1 Study population

Cross-sectional data were obtained from the 2011 to
2014 National Health and Nutrition Examination Sur-
vey (NHANES) with full-mouth periodontal measure-
ments and DXA examinations. NHANES collected nation-
ally representative health-related data on the US non-
institutionalized civilians using a stratified, multistage
probability sampling design.15 Participants with missing
periodontal exams and incomplete DXA body composition
data were excluded. All survey protocols were approved
by the National Center for Health Statistics Ethics Review
Board. All the participants provided written informed con-
sent before participation. We reported this study following
the reporting of observational studies in epidemiology
(STROBE) criteria.16

2.2 Body composition based on
whole-body DXA data

Using a fan-beam densitometer,* whole-body DXA scans
defined the body composition based on their specific x-ray
attenuation properties. Subsequent analyses were con-
ducted using software.† The NHANES body composition
procedures manual has been detailed on the NHANES
website. Each subject’s whole-body DXAmeasurements of
fat mass (representing lipid tissue) and muscle mass (rep-
resenting lipid-free/muscle tissue) were included in the
NHANES datasets. In addition, each subject’s height was
measured with a precision stadiometer after deep inspi-
ration. The whole-body DXA measurements were used to
calculate the fat mass index (FMI, fat mass (kg)/height
(m)2), muscle mass index (MMI, muscle mass (kg)/height
(m)2), and percentage body fat (%BF, fat mass/total mass).
Moreover, the four-body composition phenotype model
was defined based on the sex-specific medians of FMI and
MMI.17 The participants were categorized into:

* Hologic, Inc., Bedford, Massachusetts, USA.
†Hologic APEX version 4.0 software

1. Low adiposity and low muscle (LA-LM, FMI <median
and MMI <median),

2. Low adiposity and high muscle (LA-HM,
FMI <median and MMI ≥ median),

3. High adiposity and lowmuscle (HA-LM, FMI≥median
and MMI <median),

4. High adiposity and high muscle (HA-HM, FMI ≥

median and MMI ≥ median).

We set LA-LM as a reference group.

2.3 Periodontal examination

Trained examiners conducted a full-mouth periodon-
tal assessment according to a standardized protocol.
Periodontal assessments were carried out at six sites
(mesiobuccal, mid-buccal, distobuccal, mesiolingual, mid-
lingual, and distolingual), consisting of probing pocket
depths (PPD) and attachment loss (AL) for each tooth in
four quadrants. The inter-class correlation coefficients of
PPD and AL, which varied from 0.80 to 0.90 and 0.79 to
0.86, respectively, reflect their excellent dependability.18
According to the CDC/AAP case definition (Centers
for Disease Control & Prevention/American Academy of
Periodontology),19 periodontal status was defined as:

1. Moderate periodontitis: at least two inter-proximal sites
(not on the same tooth) with an AL of at least 4 mm or
with a PPD of at least 5 mm,

2. Severe periodontitis: at least two inter-proximal sites
(not on the same tooth) with an AL of at least 6 mm
and at least one inter-proximal sitewith a PPDof at least
5 mm,

3. No/mild periodontitis: no evidence of periodontitis
mentioned above.

All the participants were divided into no/mild peri-
odontitis and moderate/severe periodontitis categories, as
previously reported.20

2.4 Covariate assessments

Specific covariates were analyzed for descriptive and
inferential statistics in this study. In particular, age,
race/ethnicity (non-Hispanic white, non-Hispanic black,
and others), educational level (≤high school, college,
and >college), and annual household income (< 20,000$,
20,000-75,000$, and >75,000$) were included as sociode-
mographic variables. Behavioral variables included alco-
hol intake (≥12 drinks/year and <12 drinks/year), smok-
ing status (never smoked, former smoker, and current
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smoker), and physical activity (inactive, somewhat active,
and active). Self-reported physical activity was classified
by calculating metabolic equivalent (MET)-min/week for
household, transportation, and recreational physical activ-
ity. We categorized participants as inactive (no reported
physical activity), somewhat active (>0 to <500 MET-
min/week), and active (≥500 MET-min/week), as previ-
ously described.21 Additional health conditions of interest
included diabetes, hypertension, dyslipidemia, cardiovas-
cular disease, and cancer. The detailed definitions of health
conditions are shown in Table S1 in the online Journal
of Periodontology, as previously described.20 Serum lipids
(total and high-density lipoprotein cholesterol, triglyc-
erides) and white blood cell (WBC) counts were also con-
sidered. We pre-defined confounders to make adjustments
in multivariable regression models consisting of known or
suspected risk factors for obesity and periodontitis.4 Poten-
tial confounders were also selected using a directed acyclic
graph.22

2.5 Statistical analysis

The population characteristics in terms of body composi-
tion phenotypes were analyzed using the variance analysis
for continuous variables (reported as mean ± standard
deviation) and the chi-squared test for categorical variables
(reported as percentages). All statistical analyses were con-
ducted by considering the survey design and weighting.
The primary aim of the present study was to determine the
association between DXA-derived body composition and
periodontitis risk, with periodontal status as the outcome
variable. The exposure variables were body composition
indices (FMI, MMI, and %BF) and body composition phe-
notypes (LA-LM, LA-HM,HA-LM, andHA-HM). Notably,
the interactive effect of sex-body composition on periodon-
titis statuswas statistically significant in preliminary statis-
tics (Table S2 in online Journal of Periodontology). There-
fore, all analyses in this work were stratified in terms of
sex. A restricted cubic spline identified the dose-response
associations of FMI, MMI, and %BF with moderate/severe
periodontitis. Multivariable logistic models were used to
estimate the association of FMI, MMI, %BF quintiles, and
body composition phenotypes with moderate/severe peri-
odontitis. We adjusted for age and race/ethnicity in Model
2. In the fully adjusted model, we adjusted for educational
level, annual household income, alcohol intake, smoking
status, physical activity, number of teeth, diabetes, and
dyslipidemia. In addition, we further adjusted for WBC
counts in the multivariable regression analyses to exam-
ine whether the systemic inflammation could explain the
observed association. In the sensitivity analysis, we fur-
ther adjusted the female hormone therapy in the women

population, and the associations between body composi-
tion indices and phenotypes with mean PPD and AL were
further analyzed, as well as the associations between BMI
and waist-height ratio with periodontitis risk. Due to the
low proportion of missing data (<5%), we conducted a
complete case analysis in this study. All statistical anal-
yses were performed using software.‡ We considered a
two-sided p-value of <0.05 as statistically significant.

3 RESULTS

3.1 Characteristics and body
composition phenotypes

Participants without complete periodontal and DXA
data were excluded, leaving 3892 participants (1959 men
and 1933 women) eligible for inclusion in the analysis
(Figure 1). Participant characteristics by body composition
were presented for men and women, as shown in Table 1,
and characteristics of the study population by sex are
shown in Table S3 in the online Journal of Periodontology.
Of 3892 participants, the average age was 44.0 ± 8.6,
and the overall percentages of participants with LA-LM,
LA-HM, HA-LM, and HA-HM phenotypes were 37.2%,
12.8%, 12.8%, and 37.2%, respectively. The percentages of
participants with LA-HM and HA-LM phenotypes were
significantly higher in men than in women. Compared
with the other phenotypes, participants with the LA-HM
phenotype tended to be younger, non-Hispanic black, and
physically active; they also exhibited a lower prevalence of
cancer. On the other hand, participants with HA-LM and
HA-HM phenotypes were more likely to report prevalent
cardiovascular disease (CVD), hypertension, diabetes, and
dyslipidemia and were less likely to be physically active.

3.2 Body composition indices and
periodontitis

In men, restricted cubic spline analyses revealed sta-
tistically significant U-shaped associations for FMI,
MMI, and %BF with moderate/severe periodontitis
(pnon-linearity < 0.05, Figure 2A,C,E). In women, the FMI
(pnon-linearity = 0.015) and %BF (pnon-linearity = 0.042)
also had a non-linear association with moderate/severe
periodontitis (Figure 2B,F). However, the non-linear
association between MMI and periodontitis risk was
insignificant in women (pnon-linearity = 0.076, Figure 2D).
Based on these findings, we grouped FMI, MMI, and %BF
into quintiles.

‡R Project (version 4.2.1).
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F IGURE 1 Flow diagram of final sample from the NHANES 2011-2014. DXA, dual-energy x-ray absorptiometry. NHANES, National
Health and Nutrition Examination Survey.

The risk of moderate/severe periodontitis in quintiles
of FMI, MMI, and %BF was estimated and stratified in
terms of sex (Table 2). In men, periodontitis risk did
not significantly differ with higher quintiles of FMI,
MMI, and %BF. In women, FMI was associated with
greater odds of periodontitis in the unadjusted and age-
and race/ethnicity-adjusted models. After full adjustment,
woman participants in the highest quintile of FMI exhib-
ited a 78.7% higher risk of periodontitis than those in the
lowest quintile (odds ratio for Q5 vs. Q1 [ORQ5vs1] = 1.787,
95% CI: 1.209–2.640). Similarly, women in the higher quin-
tile of %BF had a significantly higher periodontitis risk
than women in the lowest quintile (ORQ5vs1 = 2.221, 95%
CI: 1.509–3.268). Moreover, the observed associations were
attenuated after adjustment for WBC counts (ORQ5vs1 for
FMI = 1.641 [1.097–2.457]; ORQ5vs1 for %BF = 2.105 [1.419–
3.121]) (Table S4 in online Journal of Periodontology). No
significant association was found between MMI quintiles

and periodontitis in women. In the sensitivity analysis,
taking account of female hormone therapy, the consistent
results on the association of FMI and %BF with periodon-
titis were found (ORQ5vs1 for FMI = 1.873 [1.265–2.775];
ORQ5vs1 for %BF = 2.320 [1.571-3.424]) (Table S5 in online
Journal of Periodontology). In the sensitivity analysis, we
analyzed the associations of BMI and waist-height ratio
(WHI)with periodontitis. BMIwas significantly associated
with periodontitis in women instead of men, consistent
with the results of DXA-derived measures (Table S6 in
online Journal of Periodontology).

3.3 Body composition phenotypes and
periodontitis

Figure 3A shows the associations between moder-
ate/severe periodontitis and four body composition
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8 ZHU et al.

F IGURE 2 Restricted cubic spline of the association between (A)–(B) fat mass index, (C)–(D) muscle mass index, and (E)–(F)
percentage body fat with moderate/severe periodontitis in men and women from the NHANES 2011–2014. The solid red line indicates the
odds ratio values for moderate/severe periodontitis. Dotted lines represent point-wise 95% confidence intervals. Spline analyses were adjusted
for age and race/ethnicity. %BF, percentage body fat; FMI, fat mass index; MMI, muscle mass index; NHANES, National Health and Nutrition
Examination Survey.
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TABLE 2 Weighted associations between the quintiles of the fat mass index, muscle mass index, and percentage body fat with
moderate/severe periodontitis in male and female populations, National Health and Nutrition Examination Survey 2011−2014.

Men Women
Case/
partici-
pants

Model 1a

OR (95% CI)
Model 2a

OR (95% CI)
Model 3a

OR (95% CI)

Case/
partici-
pants

Model 1a

OR (95% CI)
Model 2a

OR (95% CI)
Model 3a

OR (95% CI)
FMI quintiles
1st 204/391 1

Reference
1
Reference

1
Reference

86/386 1
Reference

1
Reference

1
Reference

2nd 178/392 0.762
(0.576−1.010)

0.733
(0.537−0.999)

0.837
(0.594−1.179)

118/387 1.530
(1.108−2.114)

1.405
(1.010−1.955)

1.411
(0.956−2.083)

3rd 194/393 0.894
(0.675−1.183)

0.842
(0.619−1.145)

0.914
(0.653−1.279)

145/387 2.090
(1.524−2.867)

1.858
(1.342−2.571)

1.740
(1.184−2.556)

4th 191/392 0.871
(0.658−1.153)

0.846
(0.622−1.150)

0.990
(0.705−1.390)

149/387 2.184
(1.593−2.993)

1.950
(1.410−2.698)

1.534
(1.042−2.260)

5th 194/391 0.903
(0.682−1.195)

0.926
(0.680−1.261)

1.042
(0.738−1.473)

164/386 2.577
(1.884−3.525)

2.275
(1.643−3.151)

1.787
(1.209−2.640)

MMI quintiles
1st 202/391 1

Reference
1
Reference

1
Reference

120/386 1
Reference

1
Reference

1
Reference

2nd 192/392 0.898
(0.679−1.189)

0.872
(0.642−1.183)

0.809
(0.579−1.130)

117/387 0.961
(0.707−1.304)

1.045
(0.741−1.475)

1.017
(0.704−1.468)

3rd 180/392 0.794
(0.600−1.052)

0.828
(0.609−1.125)

0.847
(0.607−1.182)

128/387 1.095
(0.810−1.482)

1.176
(0.837−1.652)

1.048
(0.728−1.507)

4th 190/392 0.880
(0.665−1.165)

0.900
(0.663−1.221)

0.853
(0.611−1.192)

140/387 1.256
(0.932−1.694)

1.279
(0.906−1.804)

0.973
(0.672−1.408)

5th 197/392 0.945
(0.714−1.251)

0.955
(0.697−1.308)

1.015
(0.718−1.436)

157/386 1.520
(1.130−2.044)

1.477
(1.041−2.095)

1.184
(0.811−1.728)

%BF quintiles
1st 207/400 1

Reference
1
Reference

1
Reference

81/388 1
Reference

1
Reference

1
Reference

2nd 194/399 0.882
(0.669−1.165)

0.865
(0.636−1.177)

0.934
(0.667−1.306)

136/391 2.021
(1.466−2.787)

1.893
(1.319−2.717)

1.480
(1.005−2.179)

3rd 194/392 0.914
(0.691−1.207)

0.878
(0.648−1.190)

0.946
(0.678−1.321)

148/396 2.262
(1.645−3.110)

2.258
(1.585−3.217)

1.930
(1.316−2.829)

4th 175/382 0.788
(0.595−1.044)

0.733
(0.538−0.998)

0.920
(0.656−1.290)

126/372 1.941
(1.402−2.689)

1.750
(1.216−2.519)

1.348
(0.909−2.001)

5th 191/386 0.913
(0.690−1.208)

0.976
(0.716−1.331)

1.147
(0.813−1.620)

171/386 3.014
(2.196-4.137)

2.701
(1.891−3.857)

2.221
(1.509−3.268)

Note: Bold indicates p-value < 0.05.
Abbreviations: %BF, percentage body fat; CI, confidence interval; FMI, fat mass index; MMI, muscle mass index; NHANES, National Health and Nutrition
Examination Survey; OR, odds ratio.
aModel 1 was unadjusted; Model 2 was adjusted for age and race/ethnicity; Model 3 was further adjusted for education level, annual household income, alcohol
intake, smoking status, physical activity, number of teeth, diabetes, and dyslipidemia.

phenotypes: LA-LM, LA-HM, HA-LM, and HA-HM.
The DXA-measured body composition phenotypes
in men were not associated with periodontitis risk.
Women with HA-HM phenotype were more likely to
have moderate/severe periodontitis than those with
LA-LM in the age- and race/ethnicity-adjusted model
(odds ratio [OR] = 1.478, 95% confidence interval [CI]:
1.158–1.885). However, this significant association was not
demonstrated in the fully adjusted model (OR = 1.170,

95% CI: 0.897–1.526) (Figure 3B). Compared to women
with LA-LM phenotype, those with HA-LM phenotype
exhibited a higher risk of periodontitis, with age- and
race/ethnicity-adjusted odds ratios of 1.705 (95% CI:
1.186–2.452) and fully adjusted odds ratios of 1.528 (95% CI:
1.037–2.252) (Figure 3B). After further adjusting for WBC
counts, the association between HA-LM and periodontitis
was attenuated (OR = 1. 493, 1.008–2.212) (Table S3 in
online Journal of Periodontology), indicating that systemic
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10 ZHU et al.

(A)

(B)

F IGURE 3 The association between body composition phenotypes and periodontitis. (A) The schematic diagram for body composition
phenotypes (B) OR of body composition phenotypes for moderate/severe periodontitis in man and woman populations. The 95% CI, not
including zero, was considered for statistical significance. Potential confounders in the adjusted model are detailed in the legend of Table 2.
CI, confidence interval; OR, odds ratio.

inflammation could explain the observed association.
Similar results were found when female hormone therapy
was adjusted in women (OR= 1.518, 1.027–2.242) (Table S4
in online Journal of Periodontology). We further analyzed
the multiplicative and additive interaction. No significant
interaction effects of adiposity and muscle on periodonti-
tis risk were found either in women or men (Table S7 in
online Journal of Periodontology). The sensitivity analyses
investigated the relationships of body components with
mean AL and mean PPD and provided similar results
(Tables S8–S9 in online Journal of Periodontology).

4 DISCUSSION

The present study shows that the association between
DXA-measured body composition indices and phenotypes
with periodontitis differs per sex. Higher FMI and %BF

in women were associated with greater odds of mod-
erate/severe periodontitis after adjustment for potential
confounders. Regarding the association between body
composition phenotypes and periodontitis risk, women
with the HA-LM phenotype were more likely to have peri-
odontitis than those with the LA-LM phenotype. These
associations were attenuated after adjustment for WBC
counts. In contrast, no significant associations between
body composition indices and phenotypes with periodon-
titis were observed in men.
In the present study, the sex differences in the associa-

tion between DXA-measured adiposity and periodontitis
brought more focus on the comparison with previous
literature. Our findings are consistent with a 5-year
longitudinal study demonstrating an association between
obesity and periodontitis progression in women (rela-
tive risk [RR] = 1.64, 95% CI: 1.11–2.43) but not in men
(RR = 1.13, 95% CI: 0.75–1.69).23 Conversely, some other
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studies provided a conflicting perspective that men are
more likely to develop obesity-associated hyperinflamma-
tion and comorbidities.24,25 Some prior studies suggested
no significant sex differences regarding obesity and
periodontitis.26,27 The effect of sex on the association
between obesity and periodontitis has been controver-
sial. The DXA technique used to distinguish fat from
muscle tissues and determine body fat percentage has
been recognized as a more accurate method for adiposity
measurement,5 with the DXA body composition reported
to be associated with mortality.28 However, no study
had previously examined the association between DXA-
measured body composition and periodontitis risk. Our
study helps to bridge this knowledge gap. According to
the results, higher fat mass and proportion were associ-
ated with increased periodontitis risk in women but not
men. These findings provide new insights into the sex
paradox concerning the association between obesity and
periodontitis.
Our work is in line with findings from a previously

conducted Mendelian randomization with respect to
the potential causal association between obesity and
periodontitis,29 suggesting that obesity is a risk factor
exacerbating periodontal status. The possible mechanisms
behind this interrelationship include hyperinflammation,
immune dysfunction, microbiome, insulin resistance,
genetics, body homeostasis, nutrition, and diet.5 In the
present study, the obesity–periodontitis association can
be explained by systemic inflammation. Adiposity-related
hyperinflammation is the center of the various path-
ways underlying the connections between obesity and
periodontitis.4,6 Specifically, the increased inflammation
causes immune cell dysfunction, changes the microbiome
composition and modifies the host’s immune response to
bacteria.30,31
Another important finding of the current study is

that women with high adiposity-low muscle phenotype
were more likely to have periodontitis, indicating that
high-adiposity mass and low-muscle mass may be syner-
gistically associated with higher periodontitis risk. To the
best of our knowledge, no previous study has examined
the association between adiposity-muscle phenotypes
and periodontal diseases. Cross-sectional studies on the
association between grip strength/sarcopenia and peri-
odontitis have indicated that sarcopenia/low grip strength
may be associated with a higher periodontitis risk.32,33
Specifically, low muscle mass was reportedly associated
with elevated levels of C-reactive protein (CRP) and pro-
inflammation cytokines as biomarkers of chronic systemic
inflammation.34 Furthermore, the skeletal muscle is the
most important organ to absorb and metabolize glucose
by regulating insulin activity.35 Targeted disruption of
muscle-specific glucose transporter contributes to severe

insulin resistance.36 Systemic inflammation and insulin
resistance are crucial mechanisms underlying the interre-
lationship between adiposity and periodontitis. Therefore,
it is reasonable to suspect that low muscle mass may be
a risk factor in adiposity-related periodontitis. Thus, peri-
odontal health care and disease prevention are necessary
for women with high adiposity-low muscle synergistic
phenotype. It is necessary to reduce fat mass and increase
muscle mass to reduce periodontitis risks in obese women.
It is well-established that sex differences exist in obesity-

related comorbidities. Sex-specific immune responses and
subclinical inflammation are critical determinants of
these sex differences.12,13 Several hypotheses may explain
these sex differences. First, there is a sex difference in body
composition, with women having a higher proportion of
adiposity and men having a higher muscle mass.37 High
adiposity mass and low muscle mass contribute to sys-
temic inflammation and are especially relevant in women.
Second, adiposity-related systemic inflammation has been
introduced as a factor for periodontal complications of
obesity.6 A stronger association was proposed between
adiposity and systemic inflammation stronger in women
than in men, especially for CRP.38 CRP is associated
with advanced periodontitis.39 Most strikingly, estrogen
plus progestin therapy for postmenopausal women was
associated with an increased risk of CRP-related systemic
inflammation.40 Third, it was recently reported that
adiposity-mediated inflammatory dysregulation mecha-
nisms differed in terms of sex. Obese women exhibited a
decreased level of anti-inflammatory adiponectin, with
defective anti-inflammatory mechanisms.41 Furthermore,
adiponectin level was inversely associated with worsening
periodontitis, with adiponectin playing a protective role
in the periodontal structure.42 Periodontal tissues could
be susceptible to microbial invasion in obese women
with dysregulated adiponectin. Further studies are war-
ranted to unravel mechanisms underlying the sex-specific
associations between body composition and periodon-
titis and elucidate intricate interplays between systemic
inflammation, immune dysfunction, and sex hormones.
The present study has several strengths. First, we used

theDXAmethod tomeasure body composition, which pro-
vides a more accurate assessment of body fat and muscle
mass in obese patients. Second, due to the sex differences
in body composition and periodontitis risk, we stratified
analyses by sex and suggested that the prevention strategy
of losing fat and gaining muscle should be considered for
women more. Third, the adjusted model included mul-
tiple potential confounders, including sociodemographic
characteristics, behavioral factors, and health conditions.
The current study also has several limitations. First,

because of the exclusion of participants with incomplete
DXA data from our analyses, a certain degree of selection
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bias may have been introduced. It is important to note
that participants undergoing DXA examinations tended
to be younger and metabolically healthier than those
without DXA. Second, muscle mass was estimated by
the DXA method using two-dimensional images without
distinguishing lipid infiltration and determining muscle
composition.37 Third, no data were available on gingival
bleeding in the NHANES 2011-2014. Gingival bleeding
is an essential sign of periodontal inflammation with
systemic impact.43 We did not include this inflammatory
parameter in our analyses to reveal their potential effect
on the sex-specific association between body composition
and periodontitis. Fourth, since the analyses used cross-
sectional data, they cannot provide evidence of temporal
or causal association. Future longitudinal studies are
required to examine the association of body composition
with periodontitis and confirm the sex difference.

5 CONCLUSION

The present study shows that the association between
DXA-measured body composition indices and phenotypes
with periodontitis differs per sex. Only womenwith higher
fat mass and percentage body fat were more likely to
exhibit moderate/severe periodontitis. Additionally, high-
fat mass and low-muscle mass combined phenotype was
associated with higher periodontitis risk in women. These
findings suggest that periodontal health care and dis-
ease prevention might be more critical in obese women
with high adiposity and low muscle phenotype. Strate-
gies to control body fat and increase muscle mass should
be adopted to reduce periodontitis risk in obese women.
Future research should attempt to consolidate our findings
using a DXA-based measure in a longitudinal study.
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