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Association between periodontitis with the s
all-cause and cause specific mortality among
the population with hyperlipidemia

Jiaying Xu'", Ruya Zhang?", Shanfeng Lin®, Weigi Li*, Tian Li*, Zhenning Li*” and Fayu Liu*

Abstract

Background To explore the association between periodontitis and all-cause as well as cause-specific mortality rates
in U.S. adults with hyperlipidemia.

Methods Participants were extracted from NHANES during 1988-1994, 1999-2004 and 2009-2014 periods. To assess
the association between moderate-to-severe periodontitis and mortality rates for both all-cause and cause-specific
mortality, hazard ratios (HRs), time ratios (TRs), and their respective 95% confidence intervals (Cls) were calculated
using Cox proportional hazards and Weibull accelerated failure time (AFT) models.

Results Over a median follow-up duration of 11.83 years, 4,623 deaths of 16,848 participants were recorded.
Multivariate Cox regression and AFT analyses showed moderate-to-severe periodontitis were associated with an
increased risk of all-cause (HR: 1.31,95% Cl: 1.20-1.44, P<0.001; TR: 0.85, 95% Cl: 0.80-0.90, P<0.001), cardiovascular
disease (CVD)-related (HR: 1.36, 95% Cl: 1.14-1.63, P=0.001; TR: 0.83, 95% Cl: 0.75-0.92, P<0.001) and cancer-related
mortality (HR: 1.35,95% ClI: 1.12-1.63, P=0.002; TR: 0.82, 95% Cl: 0.72-0.93, P=0.002). Meanwhile, there was a
significant upward trend in the risk of mortality with increasing severity of periodontitis (P for trend <0.001).

Conclusions Our study highlights the moderate-to-severe periodontitis is associated with an increased risk of
all-cause, CVD-related and cancer-related mortality among U.S. adults with hyperlipidemia. And the mortality risk
increasing alongside the severity of periodontitis.
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Introduction

Periodontitis is an oral disease characterized by inflam-
mation and infection, which results in the destruction
of periodontal tissues and can eventually lead to tooth
loss [1]. An estimated 796 million people are affected by
severe periodontitis (95% uncertainty interval [95% UI],
671 to 930 million) resulting, in the sixth most preva-
lent non-communicable human diseases [2]. People with
periodontitis increased risk of various physical diseases
including cardiovascular disease, diabetes mellitus (DM),
certain types of cancers, and hyperlipidemia (HPL) [3, 4].
Moreover, some clinical studies have extensively docu-
mented the strong correlation between periodontitis and
mortality rates in individuals suffering from systemic dis-
eases such as diabetes mellitus, cardiovascular disease,
and chronic kidney disease [5-7].

Hyperlipidemia is a common metabolic condi-
tion, which is a pathological condition featured as the
derangements of lipoproteins circulating in the blood
[8-10]. Hyperlipidemia have been identifed as a severe
challenge in most high-income countries, its prevalence
now is rapidly increasing even in low-incoming settings
[11]. The rising prevalence of hyperlipidemia is largely
attributed to modern lifestyles, such as poor dietary hab-
its and insufficient physical activity, creating substan-
tial healthcare challenges worldwide, in both developed
and low-income nations [12, 13]. Notably, several stud-
ies have shown a connection between periodontitis and
hyperlipidemia, implying that periodontal disease might
play a fundamental role in the pathogenesis of hyperlip-
idemia [14-16]. A study using NHANES data indicates
a significant correlation between higher serum total
cholesterol levels and periodontitis [17]. Furthermore, a
recent meta-analysis has demonstrated that individuals
with chronic periodontitis exhibit higher plasma triglyc-
eride and low density lipoprotein (LDL) levels compared
to their healthy individuals [18]. Interestingly, treating
hyperlipidemia has been found to protect against peri-
odontal attachment loss, highlighting the potential links
between oral health and lipid metabolism [19]. Nev-
ertheless, there is barely studies explored the impact of
periodontitis on the long-term survival of patients with
hyperlipidemia, particularly in terms of all-cause and
cause-specific mortality. Thus, our study aims to explore
the association between periodontitis with the all-cause
as well as cause-specific mortality of the hyperlipidemia
participates, based on a large-scale, prospective, popula-
tion-based cohort in the U.S.

Materials and methods

In this cohort study, we complied with the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines specific to cohort studies.

Page 2 of 10

Supplementary file 1 includes detailed information on
the materials and methods used.

Study population

The National Health and Nutrition Examination Survey
(NHANES) utilizes a stratified, multistage probability
sampling design to recruit a nationally representative
estimates of health in the non-institutionalized U.S. pop-
ulation [20, 21]. This study analyzed data from three dis-
tinct periods (1988-1994, 1999-2004, and 2009-2014),
as these intervals provided concurrent periodontal mea-
surements and hyperlipidemia data. Participants aged
over 30 years with diagnosed hyperlipidemia and avail-
able periodontal measurement data were included in the
study. The criteria for hyperlipidemia were defined as
having a total cholesterol level of 200 mg/dL or higher,
a formal diagnosis of hyperlipidemia, or undergoing
treatment for cholesterol management [21, 22]. Exclu-
sions were made for pregnant and lactating individuals
(n=228) and those unable to provide follow-up infor-
mation (n=22). Ultimately, there were 16,848 partici-
pants were included in this study. Supplementary Fig. 1
provides details of the data extraction process. All sup-
plementary tables and figures are included in Supple-
mentary file 2.

Assessment of oral examination

Periodontitis assessment was conducted using the half-
mouth method, provided by the Centers for Disease Con-
trol and Prevention in collaboration with the American
Academy of Periodontology (CDC-AAP) [23]. To main-
tain consistent diagnostic criteria, participants were ran-
domly chosen for the evaluation of clinical attachment
loss (CAL) and periodontal probing depth (PPD) in one
quadrant each of the maxilla and mandible. Measure-
ments were specifically taken at the mesial buccal and
mid buccal sites. Based on prior studies, participants
were classified into two groups: those with moderate-to-
severe periodontitis and those with no/mild periodontitis
[7, 24-26]. Moderate-to-severe periodontitis was char-
acterized by the presence of at least one interproximal
site with a CAL of 4 mm or more, or one interproximal
site with a PPD of 5 mm or more, irrespective of whether
these readings were at the same or different locations.
The average values of CAL and PPD were calculated to
compare periodontal conditions [7, 24].

Ascertainment of participants mortality

The outcome of the current study was all-cause and
cause-specific mortality (CVD-related mortality and
cancer-related mortality) of the hyperlipidemia partici-
pates. Mortality data for the follow-up participates was
sourced from the National Center for Health Statistics.
The baseline was established at the time of participants’
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periodontal examinations [27]. Person-years were com-
puted starting from the date of the oral examination up
to the date of death, loss to follow-up, or December 31,
2019, whichever came first [27]. Causes of death were
checked using the ICD-10 (International Statistical Clas-
sification of Diseases, 10th revision), and pertinent ICD-
10 codes were utilized to compute mortality rates for
cancer and cardiovascular disease [27].

Assessment of covariates

To select the covariates, a directed acyclic graph (DAG)
was utilized (Supplementary Fig. 2) [28, 29]. Eight covari-
ates were included: age, gender, race, socioeconomic
status (SES), smoking, alcohol intake (drinking status),
physical activity, and nutritional status (body mass index,
BMI). Additionally, further adjustments were made for
comorbidities such as hypertension and diabetes. Latent
class analysis was utilized to combine income, education
level, occupation, and insurance into a categorical SES
variable with three levels (Supplementary Table 1, Sup-
plementary Fig. 3) [27, 28, 30, 31].

Statistical analysis

In accordance with NHANES analytical guidelines, sta-
tistical analyses were conducted taking into account
complex sampling designs that incorporated weights,
clustering, and stratification [27, 31]. To examine dis-
parities between different periodontal conditions (no/
mild or moderate-to-severe periodontitis) within the
population, student’s t-tests were applied to continuous
covariates, while x* tests were employed for categorical
covariates [27, 31]. Kaplan-Meier (KM) curves were uti-
lized to identify potential survival patterns between the
two periodontal status groups. Total person-years were
calculated without applying weights, and the median
follow-up period was determined using weighted reverse
KM survival curves. Univariate and multivariable Cox
proportional hazard models were employed to evaluate
the association of moderate-to-severe periodontitis with
all-cause, CVD-related as well as cancer-related mortal-
ity in participants with hyperlipidemia [32]. To analyze
the relationship between periodontitis and cause-spe-
cific mortality, competing risk models were applied. The
impact of periodontitis on the survival time of partici-
pants with hyperlipidemia was assessed using Weibull
accelerated failure time (AFT) models [33]. Schoenfeld
residuals were utilized to test the proportional hazards
assumption. Four models were established in this study:
Model 1, univariate regression analysis; Model 2, which
included age, SES, race, and gender; Model 3, which
incorporated alcohol intake, physical activity, smoking,
and nutritional status (BMI); and Model 4, which added
hypertension, and diabetes. Details regarding the missing
data rate and multiple imputation methods for covariates
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are provided in Supplementary Table 2 [5, 27]. Strati-
fied analyses were conducted by grouping participants
according to age (classified as young, < 45 years, or old,
2 45 years) and gender (female/male). The severity of
periodontitis was used to categorize periodontal status,
aiming to assess the potential association between peri-
odontitis severity and different types of mortality in par-
ticipants with hyperlipidemia [5].

To compare, further analysis was performed on the
average CAL/PPD results. Initially, the association
between average CAL/PPD and various mortality rates in
participants with hyperlipidemia was investigated. Fur-
thermore, average CAL and PPD were divided into quar-
tiles (quartile 1-4) based on the complex sample, with
the first quartile serving as the reference, to analyze the
relationship between these quartiles and various types
of mortality. Additionally, trend tests were conducted
[7]. Restricted cubic spline (RCS) was used to identify
potential dose-effect correlations between average CAL/
PPD with all-cause and cause-specific mortality of the
hyperlipidemia participants [6]. Nonlinear tests were
conducted using likelihood ratio tests. Stratified analyses
incorporating RCS were conducted by grouping partici-
pants according to age and gender.

To check the robust relationships between periodon-
titis and mortality of the hyperlipidemia participants, a
sets of sensitive analyses were conducted to validate the
main findings: (1) Excluding participants with less than
2 years of follow-up to minimize potential bias (n=289);
(2) Excluding participants with CVD or cancer to prevent
the influence of pre-existing serious diseases (n=2,894);
(3) Conducting an analysis without multiple imputation;
(4) Excluding participants with missing information for
any covariates from the statistical analysis (#=2,958). A
P-value of less than 0.05 was considered statistically sig-
nificant, and statistical analyses were performed using R
software (version 4.3.1, Austria).

Results

Demographic characteristics of hyperlipidemia
participants

Over 244,273.1 person-years of follow-up (median fol-
low-up of 11.8) for 16,848 unweighted participants, we
recorded 4,623 all-cause deaths, 1,531 deaths related
to CVD, and 1,069 cancer-related deaths. Table 1 and
Supplementary Table 3 provide a summary of the base-
line characteristics of participants with hyperlipidemia,
classified by their periodontitis status. Participants with
moderate/severe periodontitis were older (mean age
56.410.2 vs. 49.9+0.2, P<0.001), had a lower proportion
of females (42.6% vs. 53.5%, P<0.001), were less likely to
be non-Hispanic black (69.4% vs. 76.7%, P<0.001), with a
higher percentage of low SES (20.9% vs. 11.5%, P<0.001),
were more likely to be current smokers (26.6% vs. 15.6%,
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Table 1 Baseline characteristics of participants with hyperlipidemia according to periodontal status
Periodontal status

Over all No/Mild periodontitis Moderate/Severe periodontitis
Characteristics Mean/ %* SE* Mean/ % SE Mean/ % SE Pt
No.(Unweighted) 16848 9725 7123
No.(Weighted) 181,668,051 62,540,697 119,127,354
Age (years), mean 52.1 02 499 02 56.4 02 <0.001
Age status, % <0.001
<45 323 0.6 39.1 0.8 19.3 0.7
[45, 65) 484 06 46.2 0.8 526 08
>65 19.2 04 14.6 0.5 28 0.7
Sex, Female 49.8 05 535 0.7 42.6 1 <0.001
Race/ ethnicity, % <0.001
Non-Hispanic white 742 1.1 76.7 1.1 694 1.5
Non-Hispanic black 9 0.6 8 0.5 109 0.8
Hispanic 11.8 0.9 1.1 0.8 13.1 1.1
Other race/ ethnicity 5 0.3 4.2 0.3 6.6 0.6
Socioeconomic Status, % <0.001
Low 14.8 05 1.5 0.5 209 0.9
Medium 43.1 038 403 0.9 484 1
High 42.2 1 482 1 30.7 1
Smoking status, % <0.001
Never smoker 516 0.6 56.7 09 41.7 0.9
Former smoker 29.1 0.6 27.7 0.7 31.6 0.8
Current smoker 194 0.5 156 0.6 266 0.8
Drinking status, % <0.001
Nondrinker 10.8 0.5 10.7 0.7 11 0.5
Light/ moderate drinker 624 0.6 60.9 08 65.3 0.8
Heavier drinker 26.8 0.6 284 0.8 23.7 0.8
Physical status, % <0.001
Inactive 18.8 0.5 16.7 0.5 22.7 0.9
Insufficient 41 0.7 44.2 0.9 349 1
Recommended 40.2 0.7 39.1 08 423 1
BMI, Mean 29 0.1 292 0.1 286 0.1 <0.001
BMI status (kg/m2), % <0.001
<25 26.1 06 249 0.7 285 09
[25.0-30) 382 06 382 0.8 382 08
>30 35.7 0.6 37 0.8 333 0.8
Comorbidities, %
Hypertension 44.1 0.6 41 0.8 50.1 1 <0.001
Diabetes mellitus 14.2 04 11.8 04 18.7 0.6 <0.001
Cohort period, % <0.001
NHANES Il 1.2 05 10.6 0.6 12.3 0.6
NHANES 1999-2004 386 1.2 429 1.5 305 13
NHANES 2009-2014 50.2 1.3 46.5 16 57.3 14

*Normally distributed continuous variables are described as means+SEs; Categorical variables are presented as numbers (percentages). All estimates accounted for

complex survey designs.

1The t test was used for continuous variables and the x test for categorical variables.

P<0.001), were less likely to be heavy drinkers (23.7% vs.
28.4%, P<0.001), and had a greater proportion of inactive
participants (22.7% vs. 16.7%, P<0.001). Additionally,
there was a higher prevalence of comorbidities (hyper-
tension: 50.1% vs. 41.0%, P<0.001; diabetes mellitus:
18.7% vs. 11.8%, P<0.001).

Association between moderate-to-severe periodontitis
and all kinds of mortality

A Kaplan-Meier analysis, which did not adjust for
covariates, revealed that the hyperlipidemia partici-
pants with moderate-to-severe periodontitis group
showed significantly higher all-cause, CVD-related as
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well as cancer-related mortality when compared with
no/mild periodontitis group (P<0.001) (Fig. 1. A-C).
The absolute crude mortality rates for moderate to
severe periodontitis were 20.13% for all-cause mortal-
ity (95% CIL: 20.12-20.14), 6.15% for CVD-related (95%
CIL: 6.14-6.15), and 5.12% for cancer-related (95% CI:
5.12-5.13) (Supplementary Table 4). Additionally, even
after adjusting for multivariate covariates, moderate-to-
severe periodontitis was still significantly associated with
an increased risk of all-cause mortality (Model 4: HR,
1.31, 95% CIL: 1.20-1.44, P<0.001), CVD-related mor-
tality (Model 4: HR, 1.36, 95% CI: 1.14-1.63, P=0.001)
and cancer-related mortality (Model 4: HR, 1.35, 95%
CIL: 1.12-1.63, P=0.002) (Table 2). In line with the com-
peting risk model, the Weibull AFT model revealed that
moderate-to-severe periodontitis decreased survival time
for all-cause mortality (Time ratio: 0.85, 95% CI: 0.80—
0.90, P<0.001), CVD-related mortality (Time ratio: 0.83,
95% CI: 0.75-0.92, P<0.001) and cancer-related mortal-
ity among participants with hyperlipidemia (Time ratio:
0.82, 95% CI: 0.72—0.93, P=0.002) (Table 3).

Trend test of periodontitis and stratified analyses

Trend tests indicated that the severity of periodonti-
tis showed an increasing trend in the risk of all-cause
mortality (P for trend<0.001), CVD-related mortality
(P for trend=0.001) and cancer-related mortality (P for
trend=0.003) (Table 4).

Moderate/ Severe periodontits

== No/ Mild periodontits

A o4
All cause mortality
g 03 P <0.001
N
©
K=
[
2 02
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£
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Time in Year
Number at risk
No/Mild 19775 9382 6121 5151 2654 2069 304
Moderate/
Severe 7123 6567 3755 2679 1499 1076 155
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The stratified analyses revealed periodontitis had
stronger associations with all-cause and cause-specific
mortality among participants with hyperlipidemia with
the clinical characteristics of age and gender. Most HRs
indicated a positive association between periodontitis
and both all-cause and cause-specific mortality among
participants with hyperlipidemia (Supplementary Table
5). Notably, in the subgroup under 45 years old, moderate
to severe periodontitis was significantly associated with
an increased risk of all-cause mortality (HR: 1.60, 95% CI:
1.45-1.76, P<0.001), CVD-related mortality (HR: 1.73,
95% CI: 1.45-2.07, P<0.001), as well as cancer-related
mortality (HR: 1.55, 95% CI: 1.28-1.88, P<0.001).

Association between average CAL/PPD and mortality

In our analyses, after adjusting for multiple variables,
both of the mean CAL and PPD were significantly asso-
ciated with an increased risk of all-cause mortality (HR:
1.15, 95% CIL: 1.11-1.19, P<0.001; HR: 1.21, 95% CI:
1.14-1.29, P<0.001), CVD-related mortality (HR: 1.15,
95% CI: 1.09-1.21, P<0.001; HR: 1.30, 95% CI: 1.17-1.45,
P<0.001) and cancer-related mortality (HR: 1.20, 95%
CL 1.16-1.24, P<0.001; HR: 1.19, 95% CI: 1.04-1.36,
P=0.011), respectively (Supplementary Table 6). Further-
more, a significant increasing trend was observed across
quartiles of mean CAL and PPD for all-cause mortal-
ity (CAL: P for trend=0.006; PPD: P for trend=0.025),
as well as for CVD-related mortality (CAL: P for
trend=0.025; PPD: P for trend=0.007) (Supplementary
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Fig. 1 Association between moderate-to-severe periodontitis and all kinds of mortality. A: The weighted Kaplan-Meier analysis of periodontitis with all-
cause survival; B: The weighted Kaplan-Meier analysis of periodontitis with CVD-related survival; C: The weighted Kaplan-Meier analysis of periodontitis

with cancer-related survival
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Table 2 HR (95% Cls) for All-cause and cause-specific mortality according to periodontitis

Periodontal status

No/Mild periodontitis Moderate/Severe periodontitis P
All cause*
Deaths/total (Unweighted) 1971/9725 2652/7123
Deaths/total (Weighted) 14,771,673/62,540,697 13,905,931/119,127,354
Model 1+ 1.00 [Reference] 243(2.23,2.64) <0.001
Model 2+ 1.00 [Reference] 142 (1.30, 1.56) <0.001
Model 3§ 1.00 [Reference] 1.32(1.21,1.45) <0.001
Model 49 1.00 [Reference] 1.31(1.20, 1.44) <0.001
CVD cause
Deaths/total (Unweighted) 636/9725 895/7123
Deaths/total (Weighted) 4,509,303/62,540,697 3,824,397/119,127,354
Model 1 1.00 [Reference] 2.69(2.33,3.12) <0.001
Model 2 1.00 [Reference] 142 (1.20, 1.69) <0.001
Model 3 1.00 [Reference] 1.39(1.17,1.66) <0.001
Model 4 1.00 [Reference] 1.36(1.14,1.63) 0.001
Cancer cause
Deaths/total (Unweighted) 442/9725 627/7123
Deaths/total (Weighted) 3,758,257/62,540,697 3,628,418/119,127,354
Model 1 1.00 [Reference] 233(1.97,2.75) <0.001
Model 2 1.00 [Reference] 1.52(1.27,1.83) <0.001
Model 3 1.00 [Reference] 1.34(1.11,1.62) 0.002
Model 4 1.00 [Reference] 1.35(1.12,1.63) 0.002

* All-cause mortality used Cox proportional hazards model, and Cause-specific mortality used competing risk model.

1 Model 1 was univariate analysis.

$Model 2included age (30-44, 45-64 or 265 years old), gender, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic or other races), SES (Socioeconomic

Status: low, middle, high).

§ Model 3 additionally included smoking status (never smokers, former or current smokers), drinking status (nondrinker, heavier drinker, or light/moderate drinker),
physical activity status (inactive, insufficient, recommended) and BMI (body measure index, normal (<24.9 [kg/m2]), overweight (25.0-29.9 [kg/m2]), and obesity

(230.0 [kg/m2]) based on Model 2.

9 Model 4 was further adjusted for HTN status (hypertension, yes or no), and diabetes status (yes or no) based on Model 3.

Tables 7-8). No significant trend was found in the quar-
tiles of mean CAL and PPD with cancer-related mortal-
ity. The multivariable-adjusted RCS analysis revealed a
non-linear relationship between mean CAL and all-cause
mortality (P-nonlinear<0.001) as well as CVD-related
mortality (P-nonlinear=0.013) (Supplementary Fig. 4).
No other nonlinear associations were identified through
the RCS analysis.

Sensitivity analyses

To check the robustness of the main findings, several
sensitive analyses were performed. First, the results
remained consistent after excluding participants with
less than 2 years of follow-up (Supplementary Table 9) or
those with cancer/CVD (Supplementary Table 10). Simi-
larly, the results were unaffected when multiple imputa-
tions were not performed (Supplementary Tables 11-12)
or when participants with missing covariate values were
excluded (Supplementary Tables 13—14). The sensitivity
analysis focusing solely on hyperlipidemic participants
also provided consistent results as well (Supplementary
Table 15).

Discussions
In a prospective cohort study encompassing 244,273.1
person-years of follow-up in 16,848 adults with hyper-
lipidemia, it was observed that moderate-to-severe
periodontitis and mean CAL/PPD were associated with
an increased risk of all-cause, CVD-related and cancer-
related mortality in the hyperlipidemia participates.
Furthermore, the severity of periodontitis indices are
independently associated with an increased risk of all
cause mortality and cause-specific mortality among par-
ticipates with hyperlipidemia. Notably, the RCS for mean
CAL also revealed trends indicating an increased risk
of all-cause and CVD-related mortality as mean CAL
increased, implying a potential dose—response effect. To
our knowledge, this study is the first to comprehensively
investigate the association between periodontitis severity
and mortality in adults with hyperlipidemia using such
a large, population-based sample. The robustness of the
sampling methodology and the extensive population base
are major strengths of this study, bolstering the generaliz-
ability of the findings to the US population.

Various stratified and sensitivity analyses demon-
strated a relatively stable relationship in our findings. In
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Table 3 Time Ratio (95% Cls) for All-cause and cause-specific mortality according to periodontitis by Weibull model.

(2024) 24:1246
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Periodontal status

No/Mild periodontitis Moderate/Severe periodontitis P
All cause*
Deaths/total (Unweighted) 1971/9725 2651/7122
Deaths/total (Weighted) 14,765,063/62,534,087 13,905,931/119,127,354
Model 1+ 1.00 [Reference] 0.55(0.52,0.59) <0.001
Model 2+ 1.00 [Reference] 0.80 (0.76, 0.85) <0.001
Model 3§ 1.00 [Reference] 0.84 (0.80, 0.89) <0.001
Model 49 1.00 [Reference] 0.85 (0.80, 0.90) <0.001
CVD cause
Deaths/total (Unweighted) 636/9725 895/7122
Deaths/total (Weighted) 4,509,303/62,534,087 3,824,397/119,127,354
Model 1 1.00 [Reference] 0.51(047,0.57) <0.001
Model 2 1.00 [Reference] 0.81(0.73,0.89) <0.001
Model 3 1.00 [Reference] 0.82(0.74,0.91) <0.001
Model 4 1.00 [Reference] 0.83(0.75,0.92) <0.001
Cancer cause
Deaths/total (Unweighted) 442/9725 627/7122
Deaths/total (Weighted) 3,758,257/62,534,087 3,628,418/119,127,354
Model 1 1.00 [Reference] 0.73 (0.65,0.82) <0.001
Model 2 1.00 [Reference] 0.75 (0.66, 0.85) <0.001
Model 3 1.00 [Reference] 0.82(0.72,0.93) 0.002
Model 4 1.00 [Reference] 0.82(0.72,0.93) 0.002

*All-cause and Cause-specific mortality used Weibull accelerated failure time model.
1 Model 1 was univariate analysis.

$Model 2included age (30-44, 45-64 or 265 years old), gender, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic or other races), SES (Socioeconomic
Status: low, middle, high).

§ Model 3 additionally included smoking status (never smokers, former or current smokers), drinking status (nondrinker, heavier drinker, or light/moderate drinker),
physical activity status (inactive, insufficient, recommended) and BMI (body measure index, normal, overweight, and obesity) based on Model 2.

9 Model 4 was further adjusted for HTN status (hypertension, yes or no), and diabetes status (yes or no) based on Model 3.

Table 4 HR (95% Cls) and P for trend for All-cause and cause-specific mortality according to status of periodontitis

Outcomes Events (Weighted), n/N HR (95% Cl) P

All cause

No/Mild periodontitis 13,905,931/119,127,354 1.00 [Reference]

Moderate periodontitis* 13,187,531/57,048,384 1.31(1.20,143) <0.001
Severe periodontitis 1,584,142/5,492,313 1.36(1.15,1.62) <0.001
P for trend 1.24(1.16,1.33) <0.001
CVD cause*

No/Mild periodontitis 3,824,397/119,127,354 1.00 [Reference]

Moderate periodontitis 4,059,133/57,048,384 1.37(1.14,1.66) 0.001
Severe periodontitis 450,170/5492,313 1.26 (0.95, 1.66) 0.108
P for trend 1.24(1.09, 1.41) 0.001
Cancer cause*

No/Mild periodontitis 3,628,418/119,127,354 1.00 [Reference]

Moderate periodontitis 3,380,280/57,048,384 1.35(1.12,1.63) 0.002
Severe periodontitis 377977/5492,313 1.32(0.89,1.97) 0.166
P for trend 1.25(1.08, 1.46) 0.003

* All-cause mortality used Cox proportional hazards model, and cause-specific mortality used competing risk model. All the models were adjusted for age (30-44,
45-64 or 265 years old), gender (male and female), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other races), SES (high, medium, and low
level), smoking status (current smokers, former smokers, and never smokers), drinking status (nondrinkers, heavier drinkers, and light/moderate drinkers), physical
activity status (inactive, insufficient, recommended), BMI (body mass index, normal, overweight, and obesity), HTN status (hypertension, yes or no), and diabetes
status (yes or no).
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particular, the stratified analysis revealed that moderate-
to-severe periodontitis increased the risk of all cause
and CVD-related mortality in younger participants
(<45 years) and female. Interestingly, a study by Lee et
al,, using data from the Fourth Korea National Health
and Nutrition Examination (KNHANES) survey, found
that individuals aged 40 years or older with periodonti-
tis did not have a significant association with dyslipid-
emia, despite both conditions being more prevalent in
older individuals [34]. Significant association was found
between periodontitis and low high-density lipoprotein
(HDL) and high LDL cholesterol levels in female [35].
To validate the robustness of these findings, a series of
sensitivity analyses were performed. Stable results were
achieved by excluding participants with short follow-up
periods, while those with cancer and cardiovascular dis-
ease diagnoses were excluded to maintain the findings’
reliability. To mitigate the potential effects of multiple
imputations on the results, sensitivity analyses for miss-
ing covariates were conducted. Nonetheless, our findings
emphasize that the association between periodontitis
and mortality in participants with hyperlipidemia war-
rants attention from both affected individuals and their
physicians.

Previous research has rarely investigated the connec-
tion between periodontitis and mortality in adults with
hyperlipidemia. However, some studies have reported
an association between blood lipid levels and periodon-
tal disease in representative populations. A recent study
utilizing 2011-2012 NHANES data identified a sta-
tistically significant association between borderline to
high serum total cholesterol levels and periodontitis in
a combined sample of men and women [35]. Another
study by Ehteshami et al. determined that increased con-
centrations of LDL cholesterol and triglycerides were
connected to periodontal disease [36]. Additionally, sev-
eral studies with relatively small sample sizes, ranging
from 52 to 261 participants, did not find any association
between periodontitis and hyperlipidemia [18, 37, 38].
The discrepancies in study results may be attributed to
variations in study design, sample size, and the character-
istics of the subjects.

Knowledge is sparse regarding mechanisms directly
related to the association of periodontitis with mortal-
ity by hyperlipidemia in adults. Periodontitis has report-
edly been strongly associated with systemic diseases
and can cause systemic infection or systemic inflam-
mation [39, 40]. Chronic inflammation, which com-
monly causes hyperlipidemia, disrupts the balance of
LDL, HDL, and triglycerides, leading to dyslipidemia
[18]. Moreover, periodontal disease and chronic inflam-
mation may promote lipolysis, subsequently increasing
circulating triglycerides [41]. Current evidence suggests
that periodontal therapy may beneficent individuals
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with hyperlipidemia by decreasing the levels of TNF-q,
IL-6 and CRP, suggesting the critical role of periodontal
care for hyperlipidemia patients [42—44]. Furthermore,
periodontal microorganisms can also trigger foam cell
production, which is a characteristic features of ath-
erosclerosis [45]. Notably, periodontal pathogens have
been identified and isolated from atheromatous plaques,
emphasizing the role of periodontal bacteria in athero-
sclerosis [44]. Additionally, periodontal infection may
weaken the anti-atherogenic effect of HDL, thereby
increasing the risk of cardiovascular disease [46]. Indeed,
our study found an association between periodontitis
and all-cause and CVD-related mortality, indicating that
maintaining healthy periodontal status could potentially
reduce the risk of all-cause, CVD-related, and cancer-
related mortality in adults with hyperlipidemia.

Strengths and limitations

Some noteworthy strengths of the present study should
be highlighted. First, to our knowledge, this is the larg-
est and most representative investigation focusing on
comprehensively evaluation the association between
periodontitis with the all-cause as well as cause-specific
mortality in participants with hyperlipidemia. Second,
by constructing DAGs, we achieved minimal sufficient
adjustment to reduce the influence of confounding fac-
tors. Third, in addition to periodontitis, we analyzed the
mean CAL and PPD, exploring the non-linear association
between the periodontal index and mortality among indi-
viduals with hyperlipidemia, which potentially minimiz-
ing the risk of periodontitis misclassification. Finally, we
performed stratified and sensitivity analyses to confirm
the robustness of our findings.

Nevertheless, our study has several limitations. First,
the use of the half-mouth examination may underesti-
mate the prevalence of periodontitis, thereby reducing
the reliability of the results. Second, due to the lack of
relevant radiographic information on alveolar bone, we
are currently unable to use the new classification for peri-
odontal to diagnose the periodontal status of NHANES
participants. Third, data on periodontitis and hyperlipid-
emia were collected concurrently at baseline, which may
not accurately capture causal effects. Fourth, the covari-
ates collected at baseline might have changed over time,
potentially weakening the actual association between
periodontitis and mortality in hyperlipidemic partici-
pants. Fifth, although we used DAGs to identify potential
confounders and added additional covariates, the subjec-
tive selection process means that residual or unknown
confounding factors cannot be entirely excluded. Finally,
defining hyperlipidemia using only total cholesterol level
may introduce measurement bias.
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Conclusion

In a nationally representative sample of U.S. adults with
hyperlipidemia, our study found that moderate-to-severe
periodontitis is associated with an increased risk of all-
cause and cause-specific mortality, with the mortality risk
increasing alongside the severity of periodontitis. These
findings suggest that dental healthcare workers can play
a crucial role in raising awareness among patients with
periodontitis about its association with hyperlipidemia,
potentially helping to mitigate mortality risk in individu-
als with hyperlipidemia.
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