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Abstract

Objectives: To evaluate the longitudinal association between periodontal disease (PD) and incident ICD-10 N02-coded recurrent
and persistent hematuria (RPH), a claims-based indicator of early glomerular injury, over 11 years of follow-up and to assess
whether this association was modified by diabetes mellitus (DM). Methods: This retrospective cohort study used data from
the National Health Insurance Service-National Sample Cohort from 2002 to 2015. A total of 208,047 adults were followed for
incident N02-coded RPH. Baseline PD, diabetes, and outcome events were identified using ICD-10 codes. Cox proportional
hazards models were sequentially adjusted for sociodemographic factors, lifestyle behaviors, and cardiometabolic comorbidities.
Results: Kaplan-Meier analysis showed significantly lower RPH-free survival among individuals with PD, with a more pronounced
divergence among individuals with DM. In an unadjusted analysis, PD was associated with an increased hazard of incident ICD-
10 NO2-coded RPH in both individuals with and without DM. However, after full covariate adjustment, the association remained
statistically significant only among individuals with DM (adjusted hazard ratio = 1.17, 95% confidence interval [CI] = 1.02-1.35).
In contrast, no significant association was observed in individuals without DM. Conclusions: PD was associated with incident
ICD-10 N02-coded RPH only in individuals with concurrent diabetes after full adjustment. These findings suggest a modest
epidemiological association between PD and claims-based indicators of early glomerular injury in adults with diabetes. Because
ICD-10 N02 is a nonspecific proxy outcome, these results should be interpreted cautiously.

Keywords: Cohort study, Diabetes Mellitus, Epidemiology, IgA nephropathy, Periodontal disease, Recurrent and
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Introduction

Recurrent and persistent hematuria (RPH) is an important clinical sign of glomerular injury and is frequently observed in the
early stages of several renal diseases, including IgA nephropathy (IgAN). Among primary glomerular diseases, IgAN is the most
common worldwide and shows marked geographic variation, with a particularly high prevalence in Fast and Southeast Asian
countries, comprising 40-50% of all primary glomerulonephritis cases, compared with 10-20% in North America and Europe and
less than 5% in Africa [1].

In Korea, IgAN remains the most common primary glomerulonephritis, accounting for 48.3% of all primary glomerular diseases,
according to registry data from the Korean Glomerulonephritis Study Group for 1979-2017 [2]. Although IgAN was initially
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considered benign, long-term follow-up studies have demonstrated that it follows a slowly progressive course, with up to 50% of
patients developing terminal renal failure after several decades [3].

Periodontitis is a multifactorial, biofilm-induced, chronic inflammatory disease of the tooth-supporting tissues, characterized by
gingival inflammation, periodontal pocket formation, alveolar bone resorption, and eventual tooth loss. Beyond its local oral effects,
periodontitis contributes to low-grade systemic inflammation through three primary mechanisms [4]: dysbiotic subgingival biofilms,
chronic release of proinflammatory cytokines [5], and hematogenous dissemination of periodontal pathogens such as
Porphyromonas gingivalis and Treponema denticola [6]. These mechanisms have been linked to obesity [7], diabetes mellitus [8],
cardiovascular disease [9], and chronic kidney disease [10].

Recent human and animal studies have suggested that periodontal inflammation is linked to glomerular injury and IgAN-related
immune mechanisms [11,12]. For example, in some patients with IgAN, increased subgingival colonization by red-complex bacteria
has been associated with elevated galactose-deficient IgAl (Gd-IgAl) levels and more severe proteinuria [11,12], while poor oral
hygiene has been linked to lower glomerular filtration rates [13]. Experimental studies have shown that oral infection with specific
pathogens may increase Gd-IgAl production and mesangial inflammation [12,14]. In addition, recent bioinformatic analyses have
suggested that shared immune pathways, including dysregulated mucosal T- and B-cell responses, may represent a potential link
between periodontitis and glomerular injury [15].

However, a significant gap remains between these mechanistic insights and their validation in population-level epidemiological
studies. Inlarge-scale claims-based databases such asthe National Health Insurance Service (NHIS) cohort, definitive histopathological
records from renal biopsies are not systematically available, making the identification of biopsy-confirmed IgAN challenging.
Therefore, validated clinical proxies are needed to address this programmatic constraint.

Clinically, episodic or persistent glomerular hematuria may reflect early glomerular injury and can be observed during the early
course of glomerular diseases, including IgAN. Therefore, in nationwide epidemiological studies without biopsy registry data, the
ICD-10 code N02, which indicates RPH may serve as a pragmatic claims-based indicator of early glomerular injury. However,
because ICD-10 N02-coded RPH is not specific for biopsy-confirmed IgAN and may include hematuria from various glomerular and
nonglomerular causes, findings based on this code should be interpreted with caution [16].

Furthermore, systemic metabolic conditions such as diabetes mellitus may act as critical effect modifiers of this association [17].
Hyperglycemia impairs host immune function and promotes proinflammatory cytokine release, which accelerates periodontal tissue
destruction and amplifies systemic inflammation [18]. We hypothesized that the altered systemic environment in patients with DM
may function as an immunometabolic amplifier, lowering the biological threshold for renal microvascular injury induced by chronic
periodontal bacteremia and endotoxemia [19,20]. Thus, a stratified analysis according to diabetes status is essential to determine
whether metabolic vulnerability significantly modifies the epidemiological association between PD and early glomerular injury.

The objectives of this retrospective cohort study were twofold: first, to evaluate the 11-year incidence of ICD-10 N02-coded RPH
according to baseline periodontal disease status in a large Korean adult population; and second, to assess the potential effect
modification by diabetes status and clarify the clinical significance of oral health to renal prognosis.

Methods

1. Data sources and study design

This retrospective cohort study used data from the National Health Insurance Service-National Sample Cohort (NHIS-NSC), a
representative population-based sample drawn from the NHIS in South Korea. The NHIS-NSC comprises an annual, randomized
2.2% sample of the national population—approximately one million individuals per year—covering the period from 2002 to 2015,
as detailed previously [21]. Because the NHIS-NSC data were de-identified and administratively collected, the need for individual
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informed consent was waived. The study protocol was approved by the Baekseok University Institutional Review Board (BUIRB-
202001-HR-025).

2. Study participants

We initially identified 1,108,369 individuals enrolled in the Korean National Health Insurance Service between 2002 and 2015. To
ensure that only incident cases were evaluated, a 3-year baseline and washout period (2002-2004) was applied [22]. The index date
was defined as January 1, 2005, and follow-up continued until December 31, 2015. Baseline PD, DM status, and covariates were
ascertained during the 2002-2004 baseline period using information available prior to the start of follow-up. During the selection
process, we excluded individuals who met the following criteria: (1) age younger than 20 years, (2) a preexisting diagnosis of ICD-10
N02-coded RPH during the washout period, and (3) incomplete claims data for baseline periodontal status or confounding variables.
After these exclusions, the final analytical cohort comprised 208,047 participants. This cohort was stratified according to baseline
diabetes mellitus status into 180,718 participants without diabetes and 27,329 participants with diabetes. Within each stratum,
participants were further classified according to their periodontal disease status: among those without diabetes, 78,660 had no
periodontal disease and 102,058 had periodontal disease; among those with diabetes, 9,321 had no periodontal disease and 18,008
had periodontal disease. The final analytical selection process is illustrated in Fig. 1. Eligible participants without baseline ICD-10
N02-coded RPH were followed for up to 11 years to identify newly diagnosed incident cases of ICD-10 N02-coded RPH.

All participants in National Health Insurance Service-National Sample
Cohort from 2002 to 2015

(total n=1,108.369)

Excluded if (n=000.322)

= Apge < 20 years (n=388.677)

—* | = Participants who were diagnosed with N02-coded recurrent
and persistent hematuia before the follow-up (n=33,005)

= Participants who were diagnosed with renal discase between
2002 and 2004 (53,105)

= Participants who had no available diagnostic data for
periodontal disease between 2002 and 2004 (284,533)

* Participants with incomplete data in confounders (141,002)

L i
‘ Final analytic cohort

(n=208,047)
Non-diabetes group Diabetes group
(n=180.71%8) (n=27,329)
Wormal Periodontal MNormal Periodontal
(n=T78,660) disease (n=9,321) disease
(n=102.058) (1=18,008)

Fig. 1. Flow diagram of the study participants.
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3. Assessment of periodontal disease

Periodontal disease (PD) was assessed by licensed dentists using clinical examination, radiographic evaluation, and diagnostic
criteria aligned with the guidelines of the Centers for Disease Control and Prevention and the American Academy of Periodontology
[23]. Diagnoses were recorded using ICD-10 codes, including acute gingivitis (K05.0), chronic gingivitis (K05.1), aggressive periodontitis
(K05.2), chronic periodontitis (K05.3), unspecified periodontitis (K05.4), other specified periodontal diseases (K05.5), and unspecified
periodontal diseases (K05.6). Details of the PD assessment methodology are provided in a previous study [22]. For classification,
periodontal status was defined using ICD-10 codes: individuals without any periodontal disease-related codes were classified as the
normal group, whereas those with diagnoses ranging from K05.0 to K05.6 were categorized as having periodontal disease [22].

4. Assessment of ICD-10 N02-coded RPH

The primary endpoint was new-onset recurrent and persistent hematuria (ICD-10 code N02). Given the absence of biopsy-level
granularity in the NHIS-NSC cohort, we employed the N02 classification as a clinical surrogate for early-stage IgAN-related
glomerular damage. Consequently, our findings should be interpreted as reflecting N02-coded RPH rather than as definitively
biopsy-proven IgAN. An incident event was defined as the first recorded occurrence of ICD-10 code N02 during the follow-up period
(2005-2015) among participants without baseline ICD-10 N02-coded RPH.

5. Assessment of potential confounders

Sociodemographic variables (age, sex, and household income), health-related lifestyle behaviors (smoking and alcohol use), and
systemic health conditions (including hypertension, obesity, and hypercholesterolemia) were documented at baseline (2002-2004)
and were included in the statistical analyses as potential confounding factors.

Household income was categorized into quintiles based on the insurance premiums assessed per household. Health-related
lifestyle factors were obtained through standardized self-reported questionnaires administered during baseline health screening
examinations. Smoking status was classified as current smoker versus nonsmoker (including both never-smokers and former
smokers), and alcohol consumption was grouped into five categories: almost never, 2-3 times per month, 1-2 times per week, 3-4
times per week, and almost every day.

Systemic health conditions were identified using health insurance claim data and clinical measurements from the baseline
period. Diabetes mellitus was defined by ICD-10 codes F10, E11, F12, F13, and E14 and hypertension by codes 110 and T15. Obesity
was defined as a body mass index (BMI) of 25.0 kg/m’ or higher [24], calculated using height and weight measurements obtained
during baseline health screening. Hypercholesterolemia was defined as a fasting total serum cholesterol level greater than 240 mg/
dL [25] at baseline screening.

6. Statistical analysis

The baseline characteristics of the study population were summarized according to PD status and stratified according to the
presence of DM. Categorical variables are presented as frequencies and percentages, and differences between groups were evaluated
using the chi-square test. Statistical significance was defined as a two-sided p-value of < 0.05.

The incidence rate of ICD-10 N02-coded RPH was calculated per 100,000 person-years according to the periodontal disease status.
Kaplan-Meier survival curves were generated to estimate the ICD-10 N02-coded RPH-free survival probability over the 11-year
follow-up period, stratified by baseline diabetes mellitus status. Differences in survival distributions between the groups with and
without periodontal disease were compared using the log-rank test. Time-to-event analyses were based on person-time accrued
from the index date (January 1, 2005) until the first occurrence of ICD-10 N02-coded RPH or at the end of follow-up (December 31,
2015), whichever occurred first.
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Subgroup analyses were conducted by stratifying participants according to the presence or absence of DM at baseline. Within
each stratum, the incidence of ICD-10 N02-coded RPH was compared according to the PD status. To evaluate the epidemiological
association between PD and the risk of incident ICD-10 N02-coded RPH, Cox proportional hazards regression analyses were
performed. Hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated across four progressively adjusted models:
Model 1 was unadjusted; Model 2 was adjusted for sociodemographic variables (age, sex, and household income); Model 3 was
additionally adjusted for lifestyle factors (smoking and alcohol consumption); and Model 4 was adjusted for systemic comorbidities
(hypertension, obesity, and hypercholesterolemia). All statistical analyses were performed using SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA).

Results

1. Baseline characteristics of the study participants

Table 1 presents the baseline characteristics of the 208,047 participants stratified by their baseline DM status and PD status.
Among individuals without DM (n=180,718), 56.5% had PD, whereas PD prevalence was notably higher among individuals with DM
(n=27,329), at 65.9%.

Across both strata, individuals with PD were generally older; for instance, in the DM subgroup, 41.6% of those with periodontal
disease were aged =60 years, compared with 38.2% of those without PD. Furthermore, a higher prevalence of PD was observed
among males and participants with lower household income.

Health-related lifestyle behaviors and systemic comorbidities were also less favorable among patients with PD. Risk behaviors,
including smoking and frequent alcohol consumption, and comorbidities such as hypertension, obesity, and hypercholesterolemia,
were consistently more prevalent in the PD group, regardless of DM status. For example, within the DM stratum, hypertension
affected 43.7% of participants with PD and 41.5% of those without PD. Overall, all observed differences in the baseline characteristics
between the groups were statistically significant (p < 0.001, except for hypercholesterolemia, for which p=0.001).

2. Crude association

During the 11-year follow-up period, 5,996 participants developed incident ICD-10 N02-coded RPH, corresponding to an overall
cumulative incidence of 2.4%. The incidence and incidence rates varied notably according to periodontal disease and baseline DM
status (Table 2). Among participants without DM, the incidence rate was 191.2 per 100,000 person-years (cumulative incidence, 2.1%)
in those without PD and 213.7 per 100,000 person-years (cumulative incidence, 2.4%) in those with PD. Conversely, among
participants with DM, the absolute risk was substantially higher, with an incidence rate of 278.9 per 100,000 person-years (cumulative
incidence, 3.1%) in those without PD and increased to 330.2 per 100,000 person-years (cumulative incidence, 3.6%) in those with PD.

Kaplan-Meier survival analysis demonstrated a significantly reduced N02-coded RPH-free survival probability among participants
with PD compared with those without PD (log-rank test, p < 0.001) (Fig. 2A). This longitudinal divergence in survival distribution
according to periodontal status was particularly pronounced in the DM subgroup (Fig. 2B). The survival curves consistently exhibited
a steeper decline in the PD subgroups across both strata, reflecting a shorter mean time to the development of incident ICD-10 N02-
coded RPH.
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Table 1. Baseline characteristics of the study participants according to periodontal status (N=208,047)

Non-diabetes group Diabetes group
Variables Total N Normal  Periodontal disease Normal Periodontal disease P
(n=78,660) (n=102,058) (n=9,321) (n=18,008)
Age group
20to 39 77,206 38,131(48.5) 36,739(36.0) 1,047(11.2) 1,289(7.2) <0.001
40 to 59 95,080 31,685(40.3) 49,453(48.5) 4,712(50.6) 9,230(51.3)
>60 35,761 8,844(11.2) 15,866(15.5) 3,562(38.2) 7,489(41.6)
Sex
Male 105,768 38,305(48.7) 53,422(52.3) 4,339(46.6) 9,702(53.9) <0.001
Female 102,279 40,355(51.3) 48,636(47.7) 4,982(53.4) 8,306(46.1)
Income”
First quintile 28,124 11,207(14.2) 13,331(13.1) 1,260(13.5) 2326(129)  <0.001
Second quintile 31,992 12,826(16.3) 15,552(15.2) 1,287(13.8) 2,327(12.9)
Third quintile 44,656 17,410(22.1) 21,851(21.4) 1,934(20.7) 3,461(19.2)
Fourth quintile 47,194 17,555(22.3) 23,335(22.9) 2,144(23.0) 4,160(23.1)
Fifth quintile 56,081 19,662(25.0) 27,989(27.4) 2,696(28.9) 5,734(31.8)
Smoking status
No 142,409 53,658(68.2) 68,624(67.2) 7,066(75.8) 13,061(72.5)  <0.001
Yes 65,638 25,002(31.8) 33,434(32.8) 2,255(24.2) 4,947(27.5)
Alcohol consumption
Almost non-drink 110,548 40,011(50.9) 53,235(52.2) 6,503(64.9) 11,249(62.5) <0.001
2-3times/month 39,815 16,792(21.3) 19,617(19.2) 1,183(12.7) 2,223(12.3)
1-2 times/week 38,097 15,314(19.5) 19,126(18.7) 1,158(12.4) 2,499(13.9)
3-4 times/week 13,121 4,610(5.9) 6,719(6.6) 570(6.1) 1,222(6.8)
Almost every day 6,466 1,933(2.5) 3,361(3.3) 357(3.8) 815(4.5)
Hypertension
No 177,041 71,671(91.1) 89,787(88.0) 5,453(58.5) 10,130(56.3) <0.001
Yes 31,006 6,989(8.9) 12,271(12.0) 3,868(41.5) 7,878(43.7)
Obesity
No 141,459 54,961(69.9) 70,143(68.7) 5,572(59.8) 10,783(59.9)  <0.001
Yes 66,588 23,699(30.1) 31,915(31.3) 3,749(40.2) 7,225(40.1)
Hyper cholesterolemia
No 193,666 73,429(93.3) 94,873(93.0) 8,648(92.8) 16,716(92.8) 0.001
Yes 14,381 5,231(6.7) 7,185(7.0) 673(7.2) 1,292(7.2)

Data are presented as number and percentage.
Obtamed from chi-square test.

“Divided into quintiles based on the insurance fee imposed on each household.

Bold denotes statistical significance at p<0.05.
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Table 2. Association of periodontal status with the incidence of N02-coded RPH in the Cox proportional hazards
models (n=208,047)

: Events/100,000 Hazard ratio (95% confidence interval)
Strata Periodontal status n  Number of events(%) person-years Modell Model2  Model3  Model4
Normal Normal 78,660 1,657(2.1) 191.2 Ref Ref Ref Ref
Periodontal disease 102,058 2,399(2.4) 213.7 1.12 1.05 1.05 1.04
(1.05-1.19) (0.98-1.12) (0.98-1.12) (0.98-1.11)
Diabetes Normal 9,321 286(3.1) 278.9 Ref Ref Ref Ref
mellitus  periodontal disease 18,008 654(3.6) 330.2 1.19 1.17 1.17 1.17

(1.03-1.37) (1.02-1.35) (1.02-1.35) (1.02-1.35)

Independent variable is periodontal status

Model 1: unadjusted association

Model 2: adjusted for age, sex, and income

Model 3: adjusted for age, sex, income, smoking status, and alcohol consumption.

Model 4: adjusted for age, sex, income, smoking status, alcohol consumption, hypertension, obesity, and hypercholesterolemia.
Bold denotes statistical significance at p<0.05.

(A) Non-diabetes mellitus group

Kaplan-Meier Survival Curve

— .
e - Periodontal status

Normal

™ Penodontal disease
Censored
Censored

o
w

Log rank test, p-value <0.001
Mean survival time (95% CI)
- Normal: 10.878 (10.871-10.884)
- periodontal disease: 10.865 (10.859-10.871)

Survival Probability

0 1 2 3 4 L & 7 8 L] 10 "

Follow-up years

(B) Diabetes mellitus group

Kaplan-Meier Survival Curve

10 ———% Periodontal status

¥ ¥ ‘*;—-‘ Normal
/7 Periodontal disease
Censored
—+— Censored

Log rank test, p-value <0.001
®  Mean survival time (95% CI)
- Normal: 10.818 (10.795-10.842)
- periodontal disease: 10.786 (10.768-10.804)

Survival Probability

0 1 2 3 4 s 6 7 8 ® 10 n

Follow-up years

Fig. 2. Kaplan-Meier survival curves for N02-coded RPH-free survival probability according to periodontal status across 11
years of follow-up: A, non-diabetes mellitus group; B, diabetes mellitus group.
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3. Adjusted association

In the unadjusted analysis (Model 1), baseline PD was significantly associated with incident ICD-10 N02-coded RPH in both the
non-diabetic and diabetic strata. Among non-diabetic participants, periodontal disease was associated with a 12% higher hazard of
incident N02-coded RPH (hazard ratio [HR] 1.12; 95% confidence interval [CI] 1.05-1.19). Similarly, participants with DM and PD
exhibited a 19% higher hazard than participants with DM but without PD (HR, 1.19; 95% CI, 1.03-1.37).

Upon sequential adjustment for covariates, this epidemiological association was attenuated in the non-diabetic group but
remained robust among participants with DM. In Model 2 (adjusting for sociodemographic factors) and Model 3 (additionally
adjusting for lifestyle behaviors), the association in non-diabetic participants became statistically non-significant (Model 3: HR 1.05;
95% CI 0.98-1.12), whereas it persisted among participants with DM (Model 3: HR, 1.17; 95% CI, 1.02-1.35).

In the fully adjusted analysis (Model 4), which further accounted for systemic comorbidities (hypertension, obesity, and
hypercholesterolemia), no statistically significant association was observed among non-diabetic individuals (adjusted HR [aHR],
1.04; 95% CI, 0.98-1.11). In contrast, PD remained independently associated with a modest but statistically significant 17% higher risk
of incident ICD-10 N02-coded RPH only within the DM subgroup (aHR, 1.17; 95% CI, 1.02-1.35).

Discussion

In this large-scale population-based cohort study, we found that periodontal disease (PD) was epidemiologically associated with
ahigher hazard of incident ICD-10 N02-coded recurrent and persistent hematuria (RPH) over an 11-year follow-up period, particularly
in individuals with diabetes mellitus (DM). After full covariate adjustment, this association remained statistically significant only in
the DM subgroup, whereas it was attenuated and no longer statistically significant in non-diabetes individuals. To the best of our
knowledge, this is the first human cohort study to provide large-scale epidemiological evidence linking PD to the subsequent
development of ICD-10 N02-coded RPH, thereby highlighting the potential role of periodontal inflammation in claims-based
indicators of early glomerular injury.

Our epidemiological findings align with a growing body of microbiological and immunological research suggesting a structural
link between the oral microbiome and IgAN [11,12,15,26-29]. Clinical and 16S rRNA sequencing studies have demonstrated that
patients with IgAN have a higher prevalence of severe periodontitis and significant subgingival dysbiosis [27-29]. The translocation
of periodontal pathogens such as P. gingivalis, Treponema species, and Campylobacter rectus provides a plausible mechanistic
rationale for involvement of the tonsillar-renal axis and activation of aberrant mucosal immunity [11,29]. Notably, P. gingivalis
infection induces IgA deposition and mesangial proliferation in animal models [11,14]. At the molecular level, shared immune
responses driven by T and B cells [15], along with elevated plasma levels of Gd-IgAl stimulated by P. gingivalis [12], link oral
infections to the core pathogenic features of IgAN. Together, these studies provide biological evidence that persistent periodontal
infection may contribute to aberrant mucosal immune responses implicated in early glomerular injury.

This is the first large-scale epidemiological investigation of a human population to test this framework. Our findings suggest that
the concurrent presence of DM and PD is associated with an elevated hazard and earlier onset of ICD-10 N02-coded RPH. DM
should be considered when evaluating periodontitis-related renal risks because it can exacerbate periodontal pathology and
independently contribute to renal injury [19,20]. In DM, impaired neutrophil function and elevated proinflammatory cytokines
create a hyperinflammatory subgingival milieu [17,18]. Conversely, chronic periodontal inflammation worsens glycemic indices,
potentially amplifying systemic microvascular damage [19,20]. Furthermore, periodontitis has been identified as an independent
predictor of macroalbuminuria and the progression to end-stage renal disease in patients with type 2 DM [19]. In the sequentially
adjusted models, the effect estimate for PD within the DM stratum remained stable after including demographic, behavioral, and
cardiometabolic covariates. This reflects a robust underlying association that is minimally confounded by these factors, justifying
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the incorporation of diabetes status into early glomerular injury risk assessments.

This study has several notable strengths. It is one of the first large-scale, nationally representative cohort studies with long-term
follow-up to evaluate the association between PD and ICD-10 N02-coded RPH as a claims-based indicator of early glomerular injury.
We rigorously adjusted for multiple confounders and provided valuable clinical insights through stratification by DM status,
successfully bridging the gap between the existing microbiological evidence and human epidemiology.

However, this study has certain limitations. First, defining PD as a single binary variable based on broad ICD-10 codes (K05.0~
K05.6) failed to separate mild gingivitis from severe periodontitis. This may have increased clinical heterogeneity, especially among
older adults, and may have diluted the association, potentially underestimating the risk of severe periodontitis. Because the NHIS-
NSC cohort was established in 2002, PD diagnoses before 2002 were unavailable. Therefore, some participants classified as not
having periodontal disease during the baseline period may have had pre-existing PD before cohort entry, which may have introduced
exposure misclassification.

Future investigations should aim to refine the exposure definition by utilizing specific dental procedure codes (e.g., simple scaling
vs. root planing or periodontal flap surgery) to better capture the clinical severity of periodontitis and evaluate dose-response
relationships. Second, the outcomes relied on registry codes without biopsy confirmation, which increased the risk of diagnostic
misclassification. Because we defined the endpoint using the ICD-10 NO2 code, the outcome should be explicitly interpreted as ICD-
10 N02-coded RPH rather than biopsy-confirmed IgAN. This clinical proxy does not strictly confirm biopsy-proven IgAN and may
capture a range of glomerular and non-glomerular conditions. Thus, it should be interpreted with caution. Third, potential detection
bias cannot be ruled out; patients with periodontal disease may undergo more frequent healthcare interactions, thereby increasing
the likelihood of incidental ICD-10 N02-coded RPH detection. Our dataset lacked detailed outpatient visit frequencies to account for
this healthcare utilization pattern. Fourth, variables such as hypertension or obesity may act as mediators, which raises the
possibility of overadjustment, whereas unmeasured confounders may still exist. This underscores the need for directed acyclic
graph-based approaches in future research to optimize covariate selection. Finally, as an observational study, we can report an
epidemiological association but cannot establish direct causality or determine the underlying molecular mechanisms linking
periodontal inflammation to glomerular injury.

Conclusions

The aim of this nationwide retrospective cohort study was to evaluate the epidemiological association between PD and incident
ICD-10 N0O2-coded RPH, a clinical proxy for early-stage IgAN, over an 11-year follow-up period using NHIS-NSC data. A total of
208,047 adults were evaluated, and Cox proportional hazards models were applied with sequential adjustments for demographic,
behavioral, and cardiometabolic covariates.

1. PD is significantly associated with incident NO2-coded RPH, particularly in individuals with concurrent DM. After full covariate
adjustment, this association remained statistically significant only in the DM subgroup, whereas it was attenuated and no longer
statistically significant in non-diabetes individuals.

2. These findings suggest that chronic periodontal inflammation may be epidemiologically linked to incident ICD-10 N02-coded
RPH, particularly in the presence of metabolic vulnerabilities, such as DM. However, further studies using more specific renal
outcomes are needed before clinical implications can be established.
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