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Abstract

Background: Chronic periodontal disease (CPD) may contribute to systemic inflammation and adverse
outcomes in patients undergoing maintenance hemodialysis, but age-specific risks remain unclear. We aimed to
evaluate the association between CPD and clinical outcomes in hemodialysis patients, stratified by age.

Methods: We conducted a retrospective cohort study using the TriNetX Research Network. Adults aged 45—
64 or 265 years initiating maintenance hemodialysis were included. CPD exposure was defined using
ICD-10-CM codes documented within 6 months before or up to 5 years after hemodialysis initiation.
Outcomes included all-cause mortality, pneumonia, fracture, and major adverse cardiovascular events (MACE)
over a 5-year follow-up period. Propensity score matching was conducted within each age group using a
comprehensive model that included age, sex, race, comorbidities, medications, and laboratory values. Adjusted
hazard ratios (aHRs) with 95% confidence intervals (Cls) were estimated using Cox models. Subgroup and
sensitivity analyses were conducted to assess robustness and effect modification.

Results: CPD was significantly associated with increased risks of all-cause mortality in both younger (aHR =
1.313, 95% CI: 1.129-1.527; p<0.001) and older patients (aHR = 1.126, 95% CI: 1.048-1.209; p=0.001), with
stronger associations in the younger group. Subgroup analysis showed elevated mortality risks in younger
males, females, and non-diabetic individuals. Pneumonia risk was significantly increased across both age groups,
with particularly high risks in younger females and older males. CPD was also associated with a higher risk of
fracture, particularly among older adults (aHR = 1.673, 95% CI: 1.375-2.036; p<0.001), with consistent findings
across subgroups. No significant associations were observed between CPD and MACE in either age stratum.
Sensitivity analyses adjusting for comorbidities and inflammatory markers supported the primary findings.

Conclusion: CPD is associated with increased risks of mortality, pneumonia, and fractures among
hemodialysis patients, with variation by age and clinical subgroup. These findings support integrating
periodontal screening and preventive strategies into hemodialysis care. Younger patients may benefit from
early intervention to reduce infection and mortality risk, while older adults may require targeted skeletal
protection.
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Introduction

Chronic kidney disease (CKD) and chronic
periodontal disease (CPD) are prevalent conditions
with significant public health implications. CKD,
characterized by the gradual loss of kidney function,
affects approximately 9.1% of the global population
and is projected to become the fifth leading cause of
death by 2040 [1, 2]. A major contributor to the
increasing prevalence of CKD is population aging, as
CKD incidence rises markedly with advancing age [3].
Similarly, CPD, a chronic inflammatory condition
affecting the supporting structures of teeth, affects
over 50% of the global adult population and is
increasingly associated with systemic conditions such
as diabetes, cardiovascular disease, and CKD itself
[4-6]. The two diseases share common risk
factors —including diabetes, hypertension, smoking,
and chronic inflammation —and may interact through

bidirectional =~ mechanisms involving  systemic
inflammation, oxidative stress, and immune
dysregulation [7].

In patients with end-stage renal disease (ESRD)
receiving maintenance hemodialysis, systemic
inflammation is a major driver of poor clinical
outcomes, including increased risks of mortality and
cardiovascular disease [8]. These patients often
present with multiple comorbidities such as
malnutrition and impaired immune function,
rendering them especially vulnerable to additional
inflammatory stimuli. CPD, as a persistent source of
systemic inflammation, may exacerbate these risks
and contribute to adverse outcomes in this already
high-risk population [9, 10].

Research examining the association between
periodontitis and mortality in hemodialysis patients
has yielded mixed results. Some studies suggest a
significant association between periodontitis and
increased mortality, highlighting oral health as a
potentially modifiable risk factor [11]. In contrast, the
multinational ORAL Diseases in Hemodialysis
(ORAL-D) study found no clear association after
adjusting for confounders and even reported lower
mortality among patients with periodontitis, possibly
due to residual confounding, misclassification bias
related to tooth loss, or limited follow-up duration
[12]. These discrepancies underscore the complexity
of evaluating the impact of CPD in hemodialysis
populations and emphasize the need for further
well-designed investigations.

Importantly, most existing studies on
periodontitis and mortality in hemodialysis patients
have either focused predominantly on younger
populations or failed to stratify adequately by age,
leaving uncertainty regarding CPD’s clinical impact

on older adults [11-15]. Elderly patients face unique
challenges, including  age-related immune
dysregulation, increased competing mortality risks,
and heightened vulnerability to skeletal fragility.
These factors may amplify the detrimental effects of
CPD, potentially leading to disproportionately higher
risks of mortality, pneumonia, and fractures.
Understanding these age-specific implications is
essential for effective clinical management.

To address these gaps, the present study
evaluates age-stratified associations between CPD
and key clinical outcomes—including mortality,
pneumonia, fractures, and  major adverse
cardiovascular events (MACE) —among hemodialysis
patients aged 45-64 and 265 years. By clarifying how
the systemic implications of CPD vary with age, this
research aims to inform targeted oral health
interventions and contribute to integrated care
strategies that improve patient outcomes across age
groups.

Methods
Study Design and Data Source

This retrospective cohort study utilized data
from TriNetX, a federated global health research
network providing access to deidentified electronic
health records (EHRs) from a diverse group of
healthcare organizations. The study specifically
employed data from the Global Collaborative
Network within TriNetX, comprising 143 healthcare
organizations worldwide. TriNetX captures extensive
structured patient data, including demographics,
diagnoses, procedures, medications, and laboratory
values.

The analysis was conducted on January 4, 2025,
using the Compare Outcomes module within the
TriNetX platform, which complies with the Health
Insurance Portability and Accountability Act
(HIPAA) and the General Data Protection Regulation
(GDPR). The study adheres to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for observational research.
Ethical approval was granted by the Taipei Tzu Chi
Hospital Institutional Review Board (Approval
Number: 14-IRB004).

Study Population

This study included adult patients identified
from the TriNetX US Collaborative Network, which
comprises electronic health records from 143
healthcare organizations. Eligible patients had at least
one clinical visit between January 1, 2009, and January
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1, 2019. A total of 383,588 patients who underwent
maintenance hemodialysis during this period were
identified using procedural and diagnostic codes from
Current Procedural Terminology (CPT: 1012752,
90937), the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM:
39.95), ICD-10-CM (Z99.2), and the Systematized
Nomenclature of Medicine Clinical Terms
(SNOMED-CT: 302497006). To improve cohort
homogeneity, we excluded 19,778 patients with
malignant neoplasms of the kidney or urinary tract
(ICD-10-CM: C64-C68), resulting in a final cohort of
363,810 patients for further analysis. Patients were
then stratified into two non-overlapping age groups
based on their age at the index date: 45-64 years and
265 years. Within each age stratum, two mutually
exclusive groups were defined based on the presence

or absence of CPD. CPD was identified using
ICD-10-CM codes K05.3, K05.30, K05.31, K05.32,
K05.4, K05.5, and K05.6, diagnosed within 6 months
before or up to 5 years after hemodialysis initiation.
The comparison group included patients with no
documented CPD diagnosis within the specified time
window. To minimize confounding, 1:1 propensity
score matching (PSM) was subsequently performed
within each age group based on age at index
(continuous), sex, and race/ethnicity (White, Asian,
Black/African American). The final matched cohorts
consisted of 2532 pairs in the 265-year group and 1505
pairs in the 45-64-year group (Figure 1).

Index Date and Follow-Up Period

The index date was defined as the earliest date
on which a patient met all eligibility criteria, including

46,203,805 Patients with TriNetX US collaborative network
visit from January 1, 2009, to January 1, 2019

383,588 undergo hemodialysis

19,778 excluded for malignant neoplasms of

the kidney or urinary tract
(C64-C68)

363,810 included in study

!

Age > 65 years
2532 249,406
with CPD without CPD

|

Age 45-64 years

1521 110,351
with CPD without CPD

|

| Propensity score matching 1:1 within each age group, matched by age, sex, race |

A4

2532
with CPD

2532
without CPD

1505
with CPD

1505
without CPD

5-year Outcomes Analysis

1. All-cause mortality, ICD 10: R99, Demographics: Deceased

2. Major adverse cardiovascular events (MACE), ICD 10: 121, 146, 149, 150, 161, 163,
R99

3. Pneumonia, ICD 10: J18.9

4. Fracture, ICD 10: S12, S22, S32, S42, S52, S62, S72, S82, S92

Figure 1. Patient Selection Flowchart and Study Design. Abbreviations: CPD, chronic periodontal disease; MACE, major adverse cardiovascular events; ICD-10,
International Classification of Diseases, 10th Revision; PSM, propensity score matching.
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documented hemodialysis initiation and age group
classification. CPD exposure status was subsequently
determined based on diagnostic codes within a
pre-specified time window relative to this index date.
Each patient’s observation window began the day
after the index date and extended up to 1,825 days (5
years), or until death or loss to follow-up. Outcomes
occurring before the index date were excluded from
outcome analysis.

Outcome Measures

The outcomes assessed were all-cause mortality,
MACE, pneumonia, and fractures. All-cause mortality
was identified using either a documented deceased
status in demographic records or the ICD-10-CM code
R99 (ill-defined and unknown cause of mortality).
MACE was defined as a composite of acute
myocardial infarction (I21), cardiac arrest (I46),
cardiac arrhythmias (I49), heart failure (I50),
nontraumatic intracerebral hemorrhage (161), cerebral
infarction (I63), or ill-defined mortality (R99).
Pneumonia was identified by ICD-10-CM code J18
(pneumonia due to an unspecified organism).
Fractures were defined using ICD-10-CM codes for
traumatic or osteoporotic fractures involving cervical
spine (512), thoracic cage (522), lumbar spine and
pelvis (S32), upper extremities (542, S52, S62), and
lower extremities (572, 582, 592).

Propensity Score Matching

To reduce confounding bias, 1:1 PSM was
conducted separately within each predefined age
group (45-64 years and 265 years) using the greedy
nearest-neighbor algorithm with a caliper width of 0.1
pooled standard deviations. Within each age stratum,
the propensity score model included patient
demographics, comorbid conditions, medication use,
and key laboratory parameters. Although patients
were stratified by age group, age at index was still
included as a continuous covariate to adjust for
residual within-stratum variation and to optimize
covariate balance. Propensity scores were estimated
using logistic regression. Covariate balance was
assessed using standardized mean differences
(SMDs), with values <0.1 indicating adequate balance.
Baseline characteristics before and after matching are
presented in Table 1 (age 265 years) and Table 2 (age
45-64 years).

Statistical Analyses

Following matching, we assessed outcome
differences between patients with and without CPD
using two primary analytic approaches. First, we

calculated absolute risks (event proportions), risk
differences, risk ratios (RRs), and odds ratios (ORs)
for each clinical outcome over the 5-year follow-up
period. Patients with a documented history of a
specific outcome prior to the index date were
excluded from risk analyses for that outcome. Second,
time-to-event data were analyzed using Kaplan-
Meier survival curves to estimate cumulative
incidence and compare survival probabilities between
cohorts.

In TriNetX datasets, patients are censored at the
date of their last recorded clinical activity within the
observation window, which may lead to early
exclusion from survival analyses. In contrast,
fixed-time risk estimates generated by the TriNetX
risk module retain these patients. To reconcile these
methodological differences, we manually divided the
5-year follow-up into 90-day intervals (21 intervals
totaling 1,890 days), calculated interval-specific risks
(excluding duplicate events), and used cumulative
event counts to generate Kaplan-Meier curves using
the ‘survival’ package in R (version 4.4.2, Vienna,
Austria). Survival curves were compared using the
log-rank test.

For subgroup analyses, we estimated adjusted
hazard ratios (aHRs) with 95% confidence intervals
(ClIs) using Cox proportional hazards regression
models stratified by baseline characteristics (e.g., sex,
diabetes, hypertension). Interaction terms were not
included; therefore, subgroup-specific aHRs are
presented descriptively to evaluate consistency across
strata.

Sensitivity Analyses

To assess the robustness of our findings, we
conducted three sets of sensitivity analyses within the
matched cohorts (see Supplementary Tables S1-S3).
First, we re-estimated hazard ratios for each outcome
using Cox models limited to patients with CPD
diagnoses made within one year prior to hemodialysis
initiation (Table S1). Second, we adjusted the Cox
models for additional comorbidities—specifically
hypertension, diabetes mellitus, and cerebrovascular
disease—to determine whether CPD remained
significantly associated with adverse outcomes after
accounting for major chronic conditions (Table S2).
Third, we further adjusted for inflammatory and
nutritional biomarkers, including albumin, C-reactive
protein (CRP), calcidiol, and urate, to evaluate
whether observed associations were robust to
biological confounding (Table S3).
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Table 1. Baseline characteristics of hemodialysis patients aged 265 with or without chronic periodontal disease, before and after

propensity score matching.

Participantsa Before Matching After Matching
Characteristic With Without p value SMD With Without p value SMD
CPD (n=2532) CPD (n=249,406) CPD (n=2532) CPD (n=2532)
Demographics
Age at index, years 67.0+9.4 684+93 <0.01 0.14 67.1+9.4 66.9+9.3 0.49 0.02
(mean * SD)
White (%) 12.6% 36.1% <0.01 0.57 13.3% 11.0% 0.032 0.07
Female (%) 35.7% 42.5% <0.01 0.14 35.9% 35.2% 0.62 0.02
Black or African American (%) 13.4% 17.8% <0.01 0.12 13.9% 13.8% 0.93 0.01
Asian (%) 68.4% 27.2% <0.01 0.91 66.9% 70.6% 0.01 0.08
Diagnoses (%)
Hypertensive diseases 51.6% 36.4% <0.01 0.31 51.6% 52.7% 0.46 0.02
Cerebrovascular diseases 13.7% 7.4% <0.01 0.21 13.4% 13.2% 0.86 0.01
Acute kidney failure and CKD 45.5% 40.9% <0.01 0.09 45.6% 43.8% 0.22 0.04
Diabetes mellitus 34.3% 24.9% <0.01 0.21 34.7% 33.4% 0.37 0.03
Gingivitis and periodontal diseases 21.1% 0.1% <0.01 0.73 13.3% 11.2% 0.02 0.07
Dental caries 13.3% 0.2% <0.01 0.54 9.9% 9.3% 0.45 0.02
Diseases of pulp/periapical tissues 6.0% 0.1% <0.01 0.35 4.2% 3.8% 0.50 0.02
Ischemic heart diseases 23.4% 16.6% <0.01 0.17 23.4% 23.0% 0.75 0.01
Diseases of arteries/arterioles 12.9% 9.8% <0.01 0.09 12.7% 12.4% 0.756 0.01
Malnutrition 2.8% 2.9% 0.69 0.01 2.8% 2.4% 0.31 0.03
Diseases of oral cavity/salivary glands 40.4% 2.9% <0.01 1.02 34.0% 33.3% 0.60 0.02
Diseases of 28.8% 11.8% <0.01 0.43 28.1% 29.7% 0.23 0.04
esophagus/stomach/duodenum
Medications (%)
Beta blockers 28.6% 23.5% <0.01 0.12 28.9% 28.6% 0.82 0.01
CCB 32.6% 19.0% <0.01 0.32 32.2% 32.5% 0.83 0.01
ARB 18.1% 7.4% <0.01 0.33 18.1% 17.8% 0.82 0.01
Alpha blockers 15.8% 6.7% <0.01 0.29 14.9% 15.5% 0.57 0.02
ACE inhibitors 8.4% 7.5% 0.12 0.03 8.5% 7.8% 0.36 0.03
Antianginals 14.2% 10.2% <0.01 0.12 13.9% 13.6% 0.76 0.01
Analgesics 67.5% 38.1% <0.01 0.63 65.6% 67.0% 0.32 0.03
Sedative/hypnotics 37.2% 20.8% <0.01 0.37 36.7% 37.7% 0.50 0.02
Antidepressants 12.4% 8.5% <0.01 0.13 12.2% 12.4% 0.86 0.01
Antacids 33.8% 23.9% <0.01 0.22 33.3% 33.1% 0.90 0.01
Antiulcer agents 20.3% 7.7% <0.01 0.37 19.7% 20.8% 0.36 0.03
Antilipidemic agents 24.8% 18.4% <0.01 0.15 24.7% 23.8% 0.47 0.02
Diuretics 30.1% 22.7% <0.01 0.17 29.6% 28.9% 0.58 0.02
Laboratory values (mean * SD)
Albumin (g/dL) 3.7+0.7 3.3+0.8 <0.01 0.60 3.7+0.7 34+08 <0.01 0.39
HbAlc (%) 6.6+14 6.7+1.7 0.06 0.08 6.6+1.5 6.7+1.6 0.15 0.08
Calcidiol (ng/mL) 254+14.7 25.5+15.5 0.99 <0.01 26.1+14.9 25.6+14.3 0.86 0.04
C-reactive protein (mg/L) 13.3+32.7 415+72.0 <0.01 0.50 13.5+33.0 159 +44.4 0.32 0.06
ESR (mm/h) 56.7 £32.9 56.3 +35.3 0.93 0.01 57.4+33.3 54.4+33.4 0.62 0.09
Urate (mg/dL) 64+2.0 71%29 <0.01 0.30 64+20 6.6%2.6 0.15 0.10
BMI (kg/m?) 258+59 284+73 <0.01 0.39 25.8+5.9 261+6.3 0.36 0.04
SBP (mmHg) 128.8 +£26.1 127.4+28.9 0.24 0.05 128.5+26.0 129.5 +26.6 0.52 0.04
DBP (mmHg) 68.3+13.4 65.2+15.8 <0.01 0.21 68.4+13.5 66.7 +14.6 0.04 0.11

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CCB, calcium channel blocker; CKD, chronic
kidney disease; CPD, Chronic periodontal disease; CRP, C-reactive protein; DBP, diastolic blood pressure; ESR, Erythrocyte sedimentation rate; HbAlc, hemoglobin Alc;
SBP, systolic blood pressure; SMD, standardized mean difference.
a. Data are presented as % unless otherwise indicated.

Results
All-Cause Mortality

Among hemodialysis patients aged =65 years,
the presence of CPD was significantly associated with

increased all-cause mortality over a 5-year follow-up
period. After PSM, patients with CPD exhibited a
higher risk of mortality compared to those without
CPD (RR: 1.006, 95% CI: 0.919-1.102; OR: 1.210, 95%
CL: 1.078-1.357; aHR: 1.126, 95% CI: 1.048-1.209).
Kaplan-Meier =~ survival  analysis  confirmed
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significantly lower survival probabilities in the CPD
group (log-rank p < 0.05; Figure 2A). Subgroup
analysis (Figure 4, left panel) did not reveal
statistically significant differences across
demographic or clinical strata.

In contrast, among patients aged 45-64 years,
CPD was associated with a more pronounced and
statistically significant increase in all-cause mortality

(RR: 1.477, 95% CI: 1.294-1.687; OR: 1.664, 95% CI:
1.401-1.976; aHR: 1.313, 95% CI: 1.129-1.527). Kaplan-
Meier curves similarly demonstrated lower survival
probabilities in the CPD group (log-rank p < 0.05;
Figure 3A). Subgroup analysis (Figure 4, right panel)
showed significantly elevated mortality risks among
both sexes and among non-diabetic patients.

Table 2. Baseline characteristics of hemodialysis patients aged 45-64 with or without chronic periodontal disease, before and after

propensity score matching.

Participants2 Before Matching After Matching
Characteristic With Without p value SMD With Without p value SMD
CPD (n=1521) CPD (n=110,351) CPD (n=1505) CPD (n=1505)
Demographics
Age at index, years 46.3+5.6 464+6.1 0.70 0.01 463 +5.6 46.5+5.9 0.46 0.03
(mean * SD)
White (%) 14.9% 29.9% <0.01 0.37 15.1% 13.8% 0.34 0.04
Female (%) 36.6% 41.7% <0.01 0.10 36.6% 34.9% 0.35 0.04
Black or African American (%) 19.0% 23.9% <0.01 0.12 19.3% 17.8% 0.31 0.04
Asian (%) 59.8% 30.2% <0.01 0.62 59.3% 61.2% 0.30 0.04
Diagnoses (%)
Hypertensive diseases 32.1% 27.7% <0.01 0.10 31.7% 30.0% 0.33 0.04
Cerebrovascular diseases 41% 3.8% 0.54 0.02 4.0% 3.6% 0.56 0.02
Acute kidney failure and CKD 33.7% 37.1% 0.01 0.07 33.7% 32.5% 0.47 0.03
Diabetes mellitus 19.3% 17.4% 0.06 0.05 19.0% 17.3% 0.26 0.04
Gingivitis and periodontal diseases 15.8% 0.2% <0.01 0.60 12.4% 12.1% 0.77 0.01
Dental caries 8.6% 0.4% <0.01 0.41 6.2% 5.5% 0.42 0.03
Diseases of pulp/periapical tissues 2.9% 0.2% <0.01 0.22 2.3% 2.2% 0.80 0.01
Ischemic heart diseases 9.2% 7.4% 0.01 0.07 8.9% 7.4% 0.13 0.06
Diseases of arteries/arterioles 6.5% 5.2% 0.02 0.06 6.5% 5.7% 0.34 0.04
Malnutrition 2.7% 2.5% 0.57 0.01 2.7% 1.7% 0.07 0.07
Diseases of oral cavity/salivary glands 25.2% 3.0% <0.01 0.67 222% 21.9% 0.82 0.01
Diseases of 13.1% 9.5% <0.01 0.12 13.1% 12.9% 0.87 0.01
esophagus/stomach/duodenum
Medications (%)
Beta blockers 21.1% 19.2% 0.05 0.05 21.0% 19.2% 0.24 0.04
CCB 18.6% 14.9% <0.01 0.10 18.5% 18.3% 0.92 0.01
ARB 6.7% 4.8% 0.01 0.08 6.5% 6.0% 0.59 0.02
Alpha blockers 3.9% 2.7% 0.01 0.06 4.0% 3.7% 0.77 0.01
ACE inhibitors 8.0% 6.4% 0.01 0.06 7.9% 6.1% 0.06 0.07
Antianginals 5.8% 5.5% 0.56 0.01 5.9% 5.0% 0.28 0.04
Analgesics 48.9% 33.6% <0.01 0.32 47.8% 48.0% 0.91 0.01
Sedative/hypnotics 26.5% 18.5% <0.01 0.19 26.0% 23.4% 0.11 0.06
Antidepressants 8.2% 7.2% 0.17 0.04 7.9% 7.1% 0.39 0.03
Antacids 21.1% 18.2% 0.01 0.07 20.7% 18.1% 0.08 0.07
Antiulcer agents 10.5% 7.1% <0.01 0.12 10.7% 10.0% 0.54 0.02
Antilipidemic agents 12.3% 11.2% 0.18 0.04 12.4% 11.0% 0.27 0.04
Diuretics 23.7% 17.0% <0.01 0.17 22.9% 22.3% 0.72 0.01
Laboratory values (mean * SD)
Albumin (g/dL) 3.7+0.8 34+08 <0.01 0.43 3.7+0.8 3.7+0.8 0.67 0.02
HbAlc (%) 69+21 69+22 0.57 0.04 69+21 6.8+21 0.45 0.07
Calcidiol (ng/mL) 193 +12.2 202 +14.1 0.65 0.07 193 %121 21.2+14.4 0.48 0.14
CRP (mg/L) 273 +62.7 37.6£70.9 0.03 0.15 28.0 +63.9 17.5+45.2 0.06 0.19
ESR (mm/h) 65.4 +37.5 58.2+37.0 0.21 0.19 64.8+37.7 73.5+35.3 0.30 0.24
Urate (mg/dL) 64+21 70£29 0.01 0.25 64+20 6.6+2.7 0.35 0.10
BMI (kg/m?) 26.6+7.0 289+8.2 <0.01 0.30 26.5+6.9 266+74 0.91 0.01
SBP (mmHg) 134.3 £27.2 130.3+29.3 0.01 0.14 134.2+27.1 136.1 +£27.5 0.39 0.07
DBP (mmHg) 76.4+16.8 735+17.7 0.01 0.17 76.4+16.8 772+16.5 0.57 0.05

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CCB, calcium channel blocker; CKD, chronic
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kidney disease; CPD, Chronic periodontal disease; CRP, C-reactive protein; DBP, diastolic blood pressure; ESR, Erythrocyte sedimentation rate; HbAlc, hemoglobin Alc;
SBP, systolic blood pressure; SMD, standardized mean difference.

a. Data are presented as % unless otherwise indicated.

All-cause mortality

MACE
1.04 1.0%
Log-rank test, p < 0.05 Log-rank test, p = 0.07
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Figure 2. Kaplan—Meier Survival Curves for Clinical Outcomes in Patients Aged 265 Years. Survival curves comparing clinical outcomes between patients with CPD
and without CPD among those aged 265 years. Statistically significant differences were observed for all-cause mortality, pneumonia, and fracture (log-rank p < 0.05). The
difference in MACE-free survival did not reach statistical significance (log-rank p = 0.07). CPD, chronic periodontal disease; MACE, major adverse cardiovascular events.
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Figure 3. Kaplan-Meier Survival Curves for Clinical Outcomes in Patients Aged 45-64 Years. Survival curves comparing clinical outcomes between patients with
CPD and without CPD among those aged 45-64 years. Significant differences were found for all-cause mortality and pneumonia (log-rank p < 0.05), while no significant differences
were observed for MACE and fracture (p = 0.99 and p = 0.42, respectively). CPD, chronic periodontal disease; MACE, major adverse cardiovascular events.
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Figure 4. Subgroup Analysis of All-Cause Mortality. Forest plots of aHRs and 95% Cls for all-cause mortality across key subgroups by sex, diabetes status, and

hypertension status, stratified by age group. DM, diabetes mellitus.
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Figure 5. Subgroup Analysis of MACE. Forest plots of aHRs and 95% Cls for MACE across key subgroups by sex, diabetes status, and hypertension status, stratified by age

group. DM, diabetes mellitus.

Major Adverse Cardiovascular Events

Among hemodialysis patients aged 265 years,
the risk of MACE was slightly higher in those with
CPD compared to those without, although the
association did not reach statistical significance (RR:
1.111, 95% CI: 0.965-1.279; OR: 1.140, 95% CI: 0.957-
1.359; aHR: 0.961, 95% CI: 0.821-1.124). Kaplan-Meier
analysis similarly demonstrated no significant
difference in cumulative MACE-free survival between
the two groups (log-rank p = 0.07; Figure 2B).
Subgroup analysis (Figure 5, left panel) did not
identify any statistically significant differences;
however, numerically elevated risks were observed
among non-diabetic and non-hypertensive patients.

Among patients aged 45-64 years, the risk of
MACE was likewise not significantly different
between those with and without CPD (RR: 1.168, 95%
CI: 0.964-1.416; OR: 1.204, 95% CI: 0.957-1.515; aHR:
1.005, 95% CI: 0.814-1.240). Kaplan-Meier curves
confirmed the absence of a significant difference in
MACE-free survival (log-rank p = 0.99; Figure 3B).
Subgroup analysis (Figure 5, right panel) showed no
statistically =~ significant associations across any
subgroup, as all confidence intervals included the null

value.

Pneumonia

Among hemodialysis patients aged 265 years,
the incidence of pneumonia was significantly higher
in the CPD group compared to those without CPD
(RR: 1.521, 95% CI: 1.344-1.720; OR: 1.699, 95% CI:
1.455-1.985; aHR: 1.335, 95% CI: 1.163-1.533). Kaplan-
Meier analysis demonstrated significantly lower
pneumonia-free survival in the CPD group (log-rank
p < 0.05; Figure 2C). Subgroup analysis (Figure 6, left
panel) showed consistently elevated risks across both
sexes, as well as among diabetic and non-diabetic
patients, and among both hypertensive and
non-hypertensive individuals.

A similar pattern was observed in patients aged
45-64 years, with the CPD group exhibiting a
significantly higher pneumonia risk (RR: 2.021, 95%
CI: 1.653-2.471; OR: 2.271, 95% CI: 1.799-2.867; aHR:
1.817, 95% CI: 1.463-2.256) and lower pneumonia-free
survival (log-rank p < 0.05; Figure 3C). Subgroup
analysis (Figure 6, right panel) revealed uniformly
elevated risks across all strata, with particularly
strong associations observed in females and in
non-hypertensive patients.

https://www.medsci.org



Int. J. Med. Sci. 2025, Vol. 22

4477

Fracture

Among hemodialysis patients aged 265 years,
the incidence of fractures was significantly higher in
the CPD group compared to the non-CPD group (RR:
1.868, 95% CI: 1.550-2.251; OR: 2.003, 95% CI: 1.629-
2.462; aHR: 1.673, 95% CI: 1.375-2.036). Kaplan-Meier
survival analysis revealed significantly lower
fracture-free survival in the CPD group (log-rank p <
0.05; Figure 2D). Subgroup analysis (Figure 7, left
panel) showed consistently elevated fracture risks
across sex, diabetes status, and hypertension status.

A similar trend was observed in patients aged
45-64 years, with the CPD group exhibiting a
significantly higher fracture risk (RR: 1.722, 95% CI:
1.304-2.275; OR: 1.795, 95% CI: 1.332-2.420).
However, Kaplan-Meier analysis indicated no
statistically significant difference in fracture-free
survival between the two groups (log-rank p = 0.42;
Figure 3D). Subgroup analysis (Figure 7, right panel)
revealed significantly increased fracture risks among
females, diabetic and non-diabetic patients, and

Age 2 65 years

aHR 95%CI
Female —e— 1.378 1.072-1.771
Maled | F——@—— 1.532 1.289-1.822
DM - F——e— 1.523 1.221-1.900
Non-DM ——e— 1.728  1.396-2.140
Hypertension- : |—® { 1.242 1.056-1.461
Non-hypertension - ———e—— 1.705 1.264-2.301
1.0 15 2.0
aHR (95% Cl)

individuals with and without hypertension, whereas
no significant association was observed in males.

Sensitivity Analyses

In the matched cohorts, CPD was significantly
associated with increased risks of all-cause mortality,
pneumonia, and fractures—but not MACE —across
both age groups (Table S1). In the second sensitivity
analysis, aHRs were further controlled for additional
comorbidities, including hypertension,
cerebrovascular disease, and diabetes mellitus. CPD
remained significantly associated with pneumonia
and fracture risks and was also linked to higher
all-cause mortality in patients aged 45-64 years (Table
S2). In the third analysis, aHRs were additionally
adjusted for inflammatory and nutritional
biomarkers, including albumin, CRP, calcidiol, and
urate. Under this model, the associations with
pneumonia persisted in both age groups, while the
associations with all-cause mortality and fracture
remained statistically significant only in the 45-
64-year group (Table S3).

Age 45-64 years
aHR 95%Cl
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Male + ——e— 1.422 1.106-1.828
DM i————— 1.416 1.025-1.957
Non-DM e 1.666 1.324-2.098
Hypertension - I ® { 1.526 1.268-1.837
Non-hypertension - e 1.718 1.281-2.305
1.0 1.5 2.0 25
 aHR (95% Cl)

Figure 6. Subgroup Analysis of Pneumonia. Forest plots of aHRs and 95% Cls for pneumonia across key subgroups by sex, diabetes status, and hypertension status,

stratified by age group. DM, diabetes mellitus.
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Figure 7. Subgroup Analysis of Fracture. Forest plots of aHRs and 95% Cls for fracture across key subgroups by sex, diabetes status, and hypertension status, stratified by

age group. DM, diabetes mellitus.
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Discussion

This study provides an age-stratified analysis
exploring the associations between CPD and major
clinical outcomes among patients undergoing
maintenance hemodialysis. CPD was significantly
associated with increased risks of all-cause mortality
and pneumonia across both age groups, with more
pronounced effects observed in younger patients for
these outcomes. A significant association with
fracture risk was observed only among older patients,
while no significant associations were identified
between CPD and MACE in either age group. These
findings emphasize the systemic impact of CPD and
the importance of incorporating age-specific
considerations into risk assessment and clinical
management strategies for hemodialysis patients.

For all-cause mortality, CPD was significantly
associated with risk in both older (265 years) and
younger (45-64 years) cohorts, with a stronger effect
in the younger group. Kaplan-Meier analyses
consistently showed reduced survival in patients with
CPD. Subgroup analyses in the elderly revealed no
significant effect modifications, whereas in the
younger group risks were elevated across sexes and in
non-diabetic patients, suggesting a more prominent
impact in middle-aged dialysis populations. These
results align with prior studies. A Danish nationwide
cohort (mean age 57.3) reported an adjusted incidence
rate ratio of 2.70 (95% CI: 2.60-2.81) for mortality in
patients with periodontitis versus controls [16].
Similarly, a prospective hemodialysis study (mean
age 58.8) found higher mortality with moderate and
severe periodontitis (HRs: 1.39 and 1.83, respectively)
[11]. Although the association persisted in the elderly,
the smaller effect size may reflect competing
comorbidities influencing mortality.

This study found no significant association
between CPD and MACE in either older (=65 years) or
younger (45-64 years) cohorts. Kaplan-Meier analysis
and risk estimates were similarly non-significant, and
subgroup analyses also showed no significant
associations, though numerically higher risks
appeared in non-diabetic and non-hypertensive
patients. These findings underscore the complexity of
cardiovascular risk in this population.
Mechanistically, the lack of association may reflect the
high baseline inflammatory burden of hemodialysis,
marked by elevated interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-a), and CRP, which may
mask the contribution of CPD to atherogenesis and
plaque destabilization [17]. In elderly patients, this
baseline inflammatory burden, combined with other
comorbidities, further reduces the detectability of any
additional cardiovascular risk conferred by CPD.

Although our findings were null, prior studies
on CPD and cardiovascular outcomes show mixed
results. A systematic review reported relative risks of
1.14-2.20 for cardiovascular disease with moderate to
severe periodontitis [18], contrasting with our results
and likely reflecting lower baseline inflammation in
the general population. An international consensus
also noted that CPD may promote cardiovascular
disease via chronic inflammation, bacteremia, and
cytokine-mediated endothelial dysfunction [19],
mechanisms that may be obscured in dialysis patients.
In  dialysis-specific = cohorts, results remain
inconsistent: a U.S. study of 168 patients reported
markedly higher cardiovascular mortality with
periodontitis (HR: 5.00; 95% CI: 1.20-19.10) [15] ,
while a larger U.S. study of 912 hemodialysis patients
found a modest but significant association (HR: 1.41;
95% CI: 1.05-1.90) [12]. In contrast, the multinational
ORAL-D study found no significant association (HR:
1.06; 95% CI. 0.87-1.29) [11], consistent with our
findings and suggesting that CPD’s cardiovascular
impact in ESRD may be limited.

Variation across studies likely reflects
differences in methodology, populations, and
exposure classification. Our use of ICD-10 coding may
underreport CPD severity, attenuating effects,
whereas studies showing significant results often
relied on detailed clinical assessments. Nonetheless,
our study incorporated rigorous PSM and
adjustments for albumin, CRP, vitamin D, and urate,
which were not uniformly included in prior work.
The relatively short follow-up (~2.5 years) may also
have limited long-term detection. Overall, despite
divergence from some smaller or general-population
studies, our findings align with larger dialysis-specific
cohorts, suggesting that under high inflammatory
burden, CPD’s cardiovascular contribution is modest
or masked by competing risks.

In contrast to MACE, CPD was significantly
associated with pneumonia risk across both age
groups, underscoring its systemic inflammatory
impact and role in pulmonary complications —a major
cause of morbidity and mortality in hemodialysis.
Pneumonia was selected as a primary outcome due to
strong clinical relevance and evidence linking
periodontal disease to respiratory infections through
aspiration of oral pathogens and systemic
inflammation. A 7-year cohort study of hemodialysis
patients reported pneumonia-related mortality of
18.5% with periodontal disease versus 3.4% without
(adjusted HR 3.49; 95% CI: 1.14-10.64) [13], while a
meta-analysis showed a 44% increased risk of
nosocomial pneumonia in periodontitis [20].
Subgroup analyses revealed consistent associations
across demographic and clinical strata, with
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significant risks observed in both older (=65 years)
and younger (45-64 years) groups. Mechanistically,
periodontal pathogens can enter the bloodstream,
impair host defenses, and modulate respiratory
mucosa via IL-6, TNF-a, and CRP [21-24]. Elderly
dialysis patients are particularly vulnerable due to
reduced pulmonary defenses, while younger patients
may mount exaggerated inflammatory responses,
amplifying  pneumonia risk. These findings
emphasize the pervasive pulmonary impact of CPD
and highlight the need for preventive oral health
interventions in hemodialysis populations.

Taken together, these findings also raise the
question of why CPD was associated with more
pronounced risks of mortality and pneumonia in
younger rather than older patients. Several
mechanisms may explain this observation. Older
hemodialysis patients experience immunosenescence,
characterized by diminished T-cell function, impaired
natural killer cell activity, and attenuated innate
immune responses [25, 26]. While this immunologic
decline increases baseline infection susceptibility, it
may also blunt the incremental systemic
inflammatory response induced by CPD, thereby
attenuating its detectable impact. By contrast,
younger patients are more likely to mount robust but
dysregulated inflammatory reactions to periodontal
pathogens, including exaggerated production of IL-6
and TNF-a, which amplify systemic injury. In
addition, elderly patients face multiple competing
risks—such as cardiovascular disease, malignancy,
malnutrition, and frailty —that dominate clinical
outcomes and may overshadow the contribution of
CPD [27, 28]. Finally, while chronic inflammation is
pervasive across all dialysis populations [29, 30], the
incremental effect of CPD may be more evident in
younger patients who have fewer comorbidities and
lower baseline inflammatory activity. These
considerations provide a biologically plausible
explanation for the stronger associations of CPD with
mortality and pneumonia observed in the younger
cohort.

The observed association between CPD and
fractures highlights the systemic impact of
periodontal inflammation on bone health in
hemodialysis patients. This endpoint was included
due to its high incidence and clinical relevance,
supported by biological plausibility. Mechanistically,
CPD elevates pro-inflammatory cytokines that
activate the receptor activator of nuclear factor
kappa-B ligand /osteoprotegerin pathway, enhance
osteoclastogenesis, and suppress osteoblast function,
thereby promoting generalized bone loss [7, 31].
Periodontal pathogens and their byproducts may also
trigger systemic immune responses and expand

osteoclast precursors, linking oral infection to skeletal
fragility [31]. CPD and osteoporosis further share risk
factors such as aging, vitamin D deficiency, smoking,
and hormonal changes, which synergistically increase
fracture susceptibility [32]. Epidemiologic studies
support these mechanisms, showing higher odds of
osteoporosis and fractures in patients with
periodontitis (OR 1.5-2.2) [33-35], with vertebral
fractures reported in over 40% of elderly CPD patients
versus 25% without CPD [36].

Direct data linking CPD severity to osteoporosis
or renal osteodystrophy in hemodialysis patients are
limited, but indirect evidence is strong. In the general
population, severe periodontitis correlates with lower
bone mineral density and higher fracture risk, while
in dialysis cohorts, longer dialysis duration is a
recognized risk factor for renal osteodystrophy and
bone loss through chronic kidney disease-mineral
and bone disorder (CKD-MBD), malnutrition, and
inflammation [37-39]. Thus, the convergence of
CPD-driven systemic inflammation with CKD-related
skeletal fragility provides a compelling biologic
rationale for our findings. In our analyses, CPD was
significantly associated with fracture risk in older
adults (265 years), with consistent effects across sex
and comorbidities. In the 45-64 group, elevated risks
were also observed, particularly among females,
though survival differences were less pronounced,
likely reflecting higher baseline bone density and
shorter dialysis vintage [40, 41]. These results align
with prior evidence linking osteoporosis and CPD,
especially among postmenopausal women [7, 31, 42].

Although effect sizes were moderate, they
remain clinically meaningful given the high baseline
risks and limited reserves in hemodialysis patients.
For instance, an aHR of 1.313 for mortality in the 45-
64-year group and a pneumonia risk >2.0 translate
into substantial absolute event burden. Similarly,
fracture risk (RR up to 1.868 in 265-year group)
reflects significant skeletal vulnerability. These results
align with studies linking CPD to systemic
inflammation, immune dysfunction, and adverse
outcomes in dialysis cohorts [43-45], showing that
even modest risks can carry important clinical
implications.

Clinically, our findings support integrating
periodontal care into dialysis management. CPD is a
persistent, modifiable inflammatory source that
worsens immune regulation, nutrition, and pathogen
translocation [46]. Interventional studies show
periodontal therapy reduces CRP and improves
serum albumin in hemodialysis patients [47]. The
strong association with pneumonia supports dental
evaluation in infection prevention [48], while fracture
links suggest incorporating oral health into bone risk
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assessment [49, 50]. Given the heightened
vulnerabilities observed among elderly, female, and
diabetic subpopulations, tailored interventions are
warranted, and multidisciplinary collaboration
among nephrology, dental, and geriatric specialists is
essential for optimizing outcomes.

One key limitation is the identification of CPD
using ICD-10-CM codes within a defined window
around dialysis initiation. While this enables
large-scale analysis, the accuracy of ICD codes for
periodontal disease is variable, with sensitivity and
specificity differing across conditions and settings
[51]. Codes lack detail on staging or severity and may
underreport CPD if dental care occurs outside
TriNetX. Nevertheless, prior studies show ICD-coded
CPD correlates with systemic diseases such as
hypertension and diabetes [52]. In psychiatric
research, concordance with chart-confirmed
diagnoses is ~50%, underscoring the need for
validation [53]. To reduce misclassification, we used a
fixed diagnostic window and sensitivity analyses
restricted to cases within one year before dialysis. The
consistency of results across matched cohorts,
supported by biological plausibility, lends credibility
to our approach. Other limitations include residual
confounding since PSM initially matched only age,
sex, and race, without socioeconomic or oral health
variables. Structured EHR reliance, absence of CPD
treatment history, and limited biomarker data may
also bias results. Strict inclusion criteria and age
stratification reduced sample size, while CPD
underreporting in U.S. EHRs may persist. We
excluded only renal and urinary tract cancers to avoid
severe comorbidity bias. Initial matching was limited
to basic demographics, though later sensitivity
analyses added comorbidities and biomarkers.
Finally, the predominance of U.S.-based TriNetX
cases may limit generalizability and reflect healthcare
access disparities.

Conclusion

This study demonstrates that CPD is
significantly associated with increased risks of
mortality, —pneumonia, and fractures among
hemodialysis patients, with notable age- and
subgroup-specific variations. In patients aged 45-64
years, CPD was more strongly associated with
all-cause mortality and pneumonia, particularly
among both sexes and non-diabetic individuals. In
contrast, in patients aged 265 years, CPD showed a
pronounced association with fracture risk. No
significant association was observed between CPD
and MACE in either age group. These findings
highlight the systemic impact of CPD in the dialysis
population and underscore the importance of

integrating routine periodontal assessment and care

into the multidisciplinary  management of
hemodialysis patients, especially in vulnerable
subgroups.

Abbreviations

ACELI angiotensin-converting enzyme inhibitor;
aHR: adjusted hazard ratio; ARB: angiotensin II
receptor blocker; BMI: body mass index; CCB: calcium
channel blocker; CKD: chronic kidney disease; CPD:
chronic periodontal disease; CRP: C-reactive protein;
DBP: diastolic blood pressure; DM: diabetes mellitus;
ESR: erythrocyte sedimentation rate; ESRD: end-stage
renal disease; HbAlc: hemoglobin Alc; MACE: major
adverse cardiovascular events; OR: odds ratio; PSM:
propensity score matching; RR: risk ratio; SBP:
systolic blood pressure; TNF-a: tumor necrosis
factor-alpha.

Supplementary Material

Supplementary figures and tables.
https:/ /www.medsci.org/v22p4469s1.pdf

Acknowledgements

The authors would also like to thank the Core
Laboratory at the Department of Research, Taipei Tzu
Chi Hospital, Buddhist Tzu Chi Medical Foundation,
for their technical support and the use of their
facilities.

Funding

This study was supported by grants from the
Taoyuan  Armed  Forces General Hospital
(TYAFGH-A-114003) and Taipei Tzu Chi Hospital,
Buddhist  Tzu Chi Medical ~ Foundation
(TCRD-TPE-113-RT-3(1/3)).

Data Availability Statement

Due to licensing and privacy restrictions, the
data used in this study from the TriNetX Global
Health Research Network are not publicly available.
TriNetX provides access to de-identified,
aggregate-level data obtained from a global network
of healthcare organizations. Researchers may request

access through the TriNetX website
(https:/ / trinetx.com) or by contacting
Privacy@TriNetX.com. Data are available on

reasonable request from the corresponding author.

Institutional Review Board Statement

The study was conducted in accordance with the
Declaration of Helsinki and approved by the
Institutional Review Board of Taipei Tzu Chi
Hospital, Buddhist Tzu Chi Medical Foundation

https://www.medsci.org



Int. J. Med. Sci. 2025, Vol. 22

4481

(protocol code 14-IRB004). The requirement for
informed consent was waived due to the use of
de-identified retrospective data.

Author Contributions

Conceptualization: Chien-Lin Lu, Ren-Yeong

Huang, Kuo-Cheng Lu; Methodology: Joshua Wang;

Formal

analysis: Chien-Lin Lu, Joshua Wang;

Investigation: Cai-Mei Zheng, Yi-Chou Hou; Data
curation: Min-Tser Liao, Joshua Wang; Writing -
original draft: Kuo-Cheng Lu, Chen-Yen Tai; Writing
- review & editing: Chien-Lin Lu.

Competing Interests

The authors have declared that no competing

interest exists.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sundstrom J, Bodegard J, Bollmann A, Vervloet MG, Mark PB, Karasik A, et al.
Prevalence, outcomes, and cost of chronic kidney disease in a contemporary
population of 2 4 million patients from 11 countries: The CaReMe CKD study.
Lancet Reg Health Eur. 2022; 20: 100438.

KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease. Kidney Int. 2024; 105: S117-s314.

Chesnaye NC, Ortiz A, Zoccali C, Stel VS, Jager KJ. The impact of population
ageing on the burden of chronic kidney disease. Nat Rev Nephrol. 2024; 20:
569-85.

Schiitz JDS, de Azambuja CB, Cunha GR, Cavagni ], Rosing CK, Haas AN, et
al. Association between severe periodontitis and chronic kidney disease
severity in predialytic patients: A cross-sectional study. Oral Dis. 2020; 26:
447-56.

Hickey NA, Shalamanova L, Whitehead KA, Dempsey-Hibbert N, van der
Gast C, Taylor RL. Exploring the putative interactions between chronic kidney
disease and chronic periodontitis. Crit Rev Microbiol. 2020; 46: 61-77.

Loos BG, Van Dyke TE. The role of inflammation and genetics in periodontal
disease. Periodontol 2000. 2020; 83: 26-39.

Chapple ILC, Hirschfeld J, Cockwell P, Dietrich T, Sharma P. Interplay
between periodontitis and chronic kidney disease. Nat Rev Nephrol. 2024.
Zimmermann J, Herrlinger S, Pruy A, Metzger T, Wanner C. Inflammation
enhances cardiovascular risk and mortality in hemodialysis patients. Kidney
International. 1999; 55: 648-58.

Hajishengallis G. Periodontitis: from microbial immune subversion to
systemic inflammation. Nat Rev Immunol. 2015; 15: 30-44.

Martinez-Garcia M, Hernandez-Lemus E. Periodontal Inflammation and
Systemic Diseases: An Overview. Front Physiol. 2021; 12: 709438.

Chen LP, Chiang CK, Peng YS, Hsu SP, Lin CY, Lai CF, et al. Relationship
between periodontal disease and mortality in patients treated with
maintenance hemodialysis. Am J Kidney Dis. 2011; 57: 276-82.

Ruospo M, Palmer SC, Wong G, Craig JC, Petruzzi M, De Benedittis M, et al.
Periodontitis and early mortality among adults treated with hemodialysis: a
multinational propensity-matched cohort study. BMC Nephrol. 2017; 18: 166.
Iwasaki M, Taylor GW, Awano S, Yoshida A, Kataoka S, Ansai T, et al.
Periodontal disease and pneumonia mortality in haemodialysis patients: A
7-year cohort study. J Clin Periodontol. 2018; 45: 38-45.

de Souza CM, Braosi AP, Luczyszyn SM, Olandoski M, Kotanko P, Craig RG,
et al. Association among oral health parameters, periodontitis, and its
treatment and mortality in patients undergoing hemodialysis. ] Periodontol.
2014; 85: €169-78.

Kshirsagar AV, Craig RG, Moss KL, Beck JD, Offenbacher S, Kotanko P, et al.
Periodontal disease adversely affects the survival of patients with end-stage
renal disease. Kidney Int. 2009; 75: 746-51.

Hansen GM, Egeberg A, Holmstrup P, Hansen PR. Relation of Periodontitis to
Risk of Cardiovascular and All-Cause Mortality (from a Danish Nationwide
Cohort Study). Am ] Cardiol. 2016; 118: 489-93.

Pertosa G, Grandaliano G, Gesualdo L, Schena FP. Clinical relevance of
cytokine production in hemodialysis. Kidney International. 2000; 58: S104-S11.
Dietrich T, Sharma P, Walter C, Weston P, Beck ]J. The epidemiological
evidence behind the association between periodontitis and incident
atherosclerotic cardiovascular disease. ] Periodontol. 2013; 84: S70-84.

Chapple IL, Genco R. Diabetes and periodontal diseases: consensus report of
the Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases. ]
Periodontol. 2013; 84: S106-12.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Gomes-Filho IS, de Oliveira TF, da Cruz SS, Passos-Soares Jde S, Trindade SC,
Oliveira MT, et al. Influence of periodontitis in the development of nosocomial
pneumonia: a case control study. J Periodontol. 2014; 85: e82-90.

Fiorillo L, Cervino G, Laino L, D'Amico C, Mauceri R, Tozum TF, et al.
Porphyromonas gingivalis, Periodontal and Systemic Implications: A
Systematic Review. Dent J (Basel). 2019; 7.

Zhang Z, Wen S, Liu ], Ouyang Y, Su Z, Chen D, et al. Advances in the
relationship between periodontopathogens and respiratory diseases (Review).
Mol Med Rep. 2024; 29.

Holden JA, Attard TJ, Laughton KM, Mansell A, O'Brien-Simpson NM,
Reynolds EC. Porphyromonas gingivalis lipopolysaccharide weakly activates
M1 and M2 polarized mouse macrophages but induces inflammatory
cytokines. Infect Immun. 2014; 82: 4190-203.

Dag A, Firat ET, Kadiroglu AK, Kale E, Yilmaz ME. Significance of elevated
gingival crevicular fluid tumor necrosis factor-alpha and interleukin-8 levels
in chronic hemodialysis patients with periodontal disease. ] Periodontal Res.
2010; 45: 445-50.

Fulop T, Larbi A, Dupuis G, Le Page A, Frost EH, Cohen AA, et al.
Immunosenescence and Inflamm-Aging As Two Sides of the Same Coin:
Friends or Foes? Front Immunol. 2017; 8: 1960.

Goronzy JJ, Weyand CM. Understanding immunosenescence to improve
responses to vaccines. Nat Immunol. 2013; 14: 428-36.

Thompson S, James M, Wiebe N, Hemmelgarn B, Manns B, Klarenbach S, et al.
Cause of Death in Patients with Reduced Kidney Function. ] Am Soc Nephrol.
2015; 26: 2504-11.

Singh AK, Acharya A, Carroll K, Lopes RD, McCausland FR, Mulloy L, et al.
Causes of death in patients with chronic kidney disease: insights from the
ASCEND-D and ASCEND-ND cardiovascular outcomes trials. European
Heart Journal. 2022; 43.

Stenvinkel P. Inflammation in end-stage renal disease: the hidden enemy.
Nephrology (Carlton). 2006; 11: 36-41.

Yeun JY, Levine RA, Mantadilok V, Kaysen GA. C-Reactive protein predicts
all-cause and cardiovascular mortality in hemodialysis patients. Am ] Kidney
Dis. 2000; 35: 469-76.

Martinez-Maestre M, Gonzalez-Cejudo C, Machuca G, Torrejéon R,
Castelo-Branco C. Periodontitis and osteoporosis: a systematic review.
Climacteric. 2010; 13: 523-9.

Hong SJ, Yang BE, Yoo DM, Kim SJ, Choi HG, Byun SH. Analysis of the
relationship ~ between  periodontitis and osteoporosis/fractures: a
cross-sectional study. BMC Oral Health. 2021; 21: 125.

Hong S, Yang B-E, Yoo D-M, Kim S-J, Choi H, Byun S. Analysis of the
relationship ~ between  periodontitis and osteoporosis/fractures: a
cross-sectional study. BMC Oral Health. 2021; 21.

Xu S, Zhang G, Guo J, Tan Y-H. Associations between osteoporosis and risk of
periodontitis: A pooled analysis of observational studies. Oral Diseases. 2020;
27: 357-69.

Moedano D, Irigoyen M, Borges-Yafiez A, Flores-Sanchez I, Rotter R.
Osteoporosis, the risk of vertebral fracture, and periodontal disease in an
elderly group in Mexico City. Gerodontology. 2011; 28 1: 19-27.

van Dort MJ, Geusens P, Driessen JH, Romme EA, Smeenk FW, Wouters EF, et
al. High Imminent Vertebral Fracture Risk in Subjects With COPD With a
Prevalent or Incident Vertebral Fracture. ] Bone Miner Res. 2018; 33: 1233-41.
Andika GD, Kawiyana I, Wiratnaya I, Kandarini Y. Hemodialysis duration
and underweight as a risk factors of renal osteodystrophy (chronic kidney
disease - mineral bone disorder) on regular hemodialysis patient. International
Journal of Research in Medical Sciences. 2021.

Chao C, Wang ], Huang J, Chan D, Hung K, Chien K, et al. Chronic kidney
disease-related osteoporosis is associated with incident frailty among patients
with diabetic kidney disease: a propensity score-matched cohort study.
Osteoporosis International. 2020; 31: 699-708.

Gokal R, Ramos J, Ellis H, Parkinson I, Sweetman V, Dewar J, et al.
Histological renal osteodystrophy, and 25 hydroxycholecalciferol and
aluminum levels in patients on continuous ambulatory peritoneal dialysis.
Kidney international. 1983; 23 1: 15-21.

Grzegorzewska AE, Mtot-Michalska M. Influence of age and sex on bone
mineral density in dialysis patients. Adv Perit Dial. 2007; 23: 77-81.

Burrowes JD, Cockram DB, Dwyer JT, Larive B, Paranandi L, Bergen C, et al.
Cross-sectional relationship between dietary protein and energy intake,
nutritional status, functional status, and comorbidity in older versus younger
hemodialysis patients. ] Ren Nutr. 2002; 12: 87-95.

Persson GR, Berglund J, Persson RE, Renvert S. Prediction of hip and hand
fractures in older persons with or without a diagnosis of periodontitis. Bone.
2011; 48: 552-6.

Craig RG. Interactions between chronic renal disease and periodontal disease.
Oral Dis. 2008; 14: 1-7.

Chen LP, Chiang CK, Chan CP, Hung KY, Huang CS. Does periodontitis
reflect inflammation and malnutrition status in hemodialysis patients? Am J
Kidney Dis. 2006; 47: 815-22.

Miyata Y, Obata Y, Mochizuki Y, Kitamura M, Mitsunari K, Matsuo T, et al.
Periodontal Disease in Patients Receiving Dialysis. Int ] Mol Sci. 2019; 20.
Leng Y, Hu Q, Ling Q, Yao X, Liu M, Chen J, et al. Periodontal disease is
associated with the risk of cardiovascular disease independent of sex: A
meta-analysis. Front Cardiovasc Med. 2023; 10: 1114927.

https://www.medsci.org



Int. J. Med. Sci. 2025, Vol. 22

4482

47.

48.

49.

50.

51.

52.

53.

Siribamrungwong M, Puangpanngam K. Treatment of periodontal diseases
reduces chronic systemic inflammation in maintenance hemodialysis patients.
Ren Fail. 2012; 34: 171-5.

Huang ST, Lin CL, Yu TM, Wu M]J, Kao CH. Intensive Periodontal Treatment
Reduces Risk of Infection-Related Hospitalization in Hemodialysis
Population: A Nationwide Population-Based Cohort Study. Medicine
(Baltimore). 2015; 94: €1436.

Castrejon-Pérez RC, Jiménez-Corona A, Bernabé E, Villa-Romero AR, Arrivé
E, Dartigues JF, et al. Oral Disease and 3-Year Incidence of Frailty in Mexican
Older Adults. ] Gerontol A Biol Sci Med Sci. 2017; 72: 951-7.

Hong SW, Lee J, Kang JH. Associations between oral health status and risk of
fractures in elder adults. Sci Rep. 2023; 13: 1361.

Birman-Deych E, Waterman AD, Yan Y, Nilasena DS, Radford MJ, Gage BF.
Accuracy of ICD-9-CM codes for identifying cardiovascular and stroke risk
factors. Med Care. 2005; 43: 480-5.

Pyo ], Lee M, Ock M, Lee J. Quality of Life and Health in Patients with Chronic
Periodontitis: A Qualitative Study. Int ] Environ Res Public Health. 2020; 17.
Vandyk A, Harrison M, Graham I, Van Den Kerkhof E. Accuracy of ICD
Codes for Persons with Considerable Emergency Department Use for Mental
Health Complaints. International journal of emergency mental health. 2015;
17: 600-1.

https://www.medsci.org



