

[image: image1]
Association of high estimated glomerular filtration rate with risk of atrial fibrillation: a nationwide cohort study









 


	
	
TYPE Original Research
PUBLISHED 25 August 2023
DOI 10.3389/fmed.2023.1207778






Association of high estimated glomerular filtration rate with risk of atrial fibrillation: a nationwide cohort study

Min Kyoung Kang1†, Hee-Jung Ha1†, Raon Jung2, YunSeo Oh2, Dong-Hyeok Kim1 and Tae-Jin Song1*


1Ewha Womans University Seoul Hospital, Seoul, Republic of Korea

2College of Medicine, Ewha Womans University, Seoul, Republic of Korea

[image: image2]

OPEN ACCESS

EDITED BY
 José Jesús Broseta, Hospital Clinic of Barcelona, Spain

REVIEWED BY
 Xisheng Shan, The First Affiliated Hospital of Soochow University, China
 Gastón Julio Piñeiro, Hospital Clinic of Barcelona, Spain

*CORRESPONDENCE
 Tae-Jin Song, knstar@ewha.ac.kr 

†These authors have contributed equally to this work and share first authorship

RECEIVED 18 April 2023
 ACCEPTED 31 July 2023
 PUBLISHED 25 August 2023

CITATION
 Kang MK, Ha H-J, Jung R, Oh Y, Kim D-H and Song T-J (2023) Association of high estimated glomerular filtration rate with risk of atrial fibrillation: a nationwide cohort study. Front. Med. 10:1207778. doi: 10.3389/fmed.2023.1207778

COPYRIGHT
 © 2023 Kang, Ha, Jung, Oh, Kim and Song. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Aim: While the relationship between impaired kidney function and atrial fibrillation (AF) is well established, there is limited research exploring the association between elevated estimated glomerular filtration rate (eGFR) and AF development. This study aimed to examine the association between higher-than-normal eGFR and AF risk using a nationwide longitudinal study of the general population in Korea.

Materials and methods: This study utilized the National Health Insurance Service cohort database of Korea, analyzing data from 2,645,042 participants aged 20–79 years who underwent health examinations between 2010 and 2011. Participants with a history of end-stage renal disease, renal transplantation, and AF prior to the index date were excluded. Renal function was assessed using eGFR levels, calculated with the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. Baseline characteristics were gathered through questionnaires, while comorbidities and AF occurrence outcomes were identified and validated using diagnostic codes and medication histories. The study employed Kaplan–Meier survival curves and Cox proportional hazard models to evaluate the association between eGFR and AF occurrence.

Results: The mean age of subjects was 48.82 ± 10.08 years. Over a median follow-up of 9.58 years, 27,469 (1.04%) AF cases were identified. The risk for AF increased in the higher-than-normal decile, as demonstrated by Kaplan–Meier survival curves (p < 0.001). The eGFR <30 mL/min/1.73 m2 group was associated with an increased risk of AF [hazard ratio (HR): 1.22, 95% confidence interval (CI) (1.01, 1.46), p = 0.039], while the eGFR >120 mL/min/1.73 m2 group was associated with a decreased risk of AF [HR: 0.88, 95% CI (0.78, 0.98), p = 0.045]. Compared to the 5th decile, the 1st [HR: 1.08, 95% CI (1.03, 1.13), p = 0.010] eGFR decile was significantly associated with an increased risk of AF, while the 10th [HR: 0.77, 95% CI (0.70, 0.85), p < 0.001] eGFR decile was significantly associated with a reduced risk of AF.

Conclusion: The study revealed that individuals with eGFR>120 mL/min/1.73 m2 or those falling within eGFR 10th decile (>113.41 mL/min/1.73 m2) demonstrated an inverse association linked to a reduced risk of AF. Our study suggests that general population with higher-than-normal eGFR levels may have a lower risk of developing AF.
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Introduction

Renal function has been linked to cardiovascular diseases, including atrial fibrillation (AF), stroke, myocardial infarction, and heart failure. Chronic kidney disease, often characterized by low estimated glomerular filtration rate (eGFR), is strongly associated with the risk of these cardiovascular diseases (1, 2). In addition to low eGFR, abnormally high eGFR has also been linked to various health conditions. While high eGFR is generally considered a normal physiological state, it can also indicate underlying adverse renal conditions, such as the onset of glomerular damage in hypertensive patients or diabetic nephropathy (3). High eGFR is also closely associated with hypertension, prediabetes, and obesity, all of which may contribute to cardiovascular events (4).

Atrial fibrillation is a common arrhythmia associated with an increased risk of stroke, systemic thromboembolism, and mortality (5–8). As the global population ages and concomitant vascular risk factors rise, the worldwide burden of AF continues to grow (9–12). The relationship between diminished kidney function and AF is well-established. Chronic kidney disease and AF share common vascular risk factors, such as hypertension and diabetes (13). Reduced kidney function leads to endothelial dysfunction, and these pathological conditions heighten the risk of AF (14).

Given that high eGFR typically reflects favorable renal function, it is plausible that a population with high eGFR presents a low risk of developing AF. However, since high eGFR might indicate early changes related to renal disease, the risk of AF could be inversely high. Limited studies have examined the relationship between high eGFR and the development of AF. This study aims to investigate the association between higher-than-normal eGFR and the risk of AF in a nationwide longitudinal study of the general population in Korea.



Materials and methods


Data source

The data for this study were obtained from the Korean National Health Insurance Service-Health Screening cohort database (NHIS-HEALS). The NHIS is a government initiative that provides health insurance for 97% of the country’s population, with the remaining population covered by the Medical Aid program, which is also supervised by the NHIS (15–17). To facilitate early disease detection and prevention, annual standardized health screenings are recommended for NHIS enrollees. The NHIS-HEALS database encompasses information on participants’ demographic characteristics, socioeconomic status, health screening outcomes, registered diagnoses, and treatment details. The health screening procedure entails measuring physical parameters such as height, weight, and blood pressure, conducting laboratory tests, and surveying lifestyle habits (18–23).



Study population

Our NHIS-HEALS cohort comprised 2,815,568 individuals aged 20 to 79 who underwent health screenings between 2010 and 2011 (dataset number: NHIS-2022-01-313) (16, 24, 25). We excluded participants with a history of end-stage renal disease or renal transplantation prior to the index date (n = 35,882). Subsequently, we excluded participants (n = 9,158) with a history of AF before the index date and participants (n = 125,486) missing data for at least one variable. Ultimately, 2,645,042 participants were included in the analysis (Figure 1).
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FIGURE 1
 Flowchart depicting the selection process for study participants.




Definitions and variables

The date of each participant’s health assessment was designated as the index date for the commencement of follow-up. The eGFR was calculated using the serum creatinine (Scr) level obtained during hospital visits and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations (Supplementary Methods) (26).

Baseline characteristics were assessed on the index date, encompassing age, sex, body mass index, waist circumference, and household income. Information on smoking, alcohol consumption, and physical activity was gathered using questionnaires. Smoking status was categorized as non-smoker, former smoker, or current smoker. Alcohol consumption and regular physical activity were recorded as frequency per week. Proteinuria was deemed present if the dipstick urine test result was ≥ +1. Comorbidities, including hypertension, diabetes mellitus, dyslipidemia, heart failure, myocardial infarction, valvular heart disease, cardiomyopathy, congenital heart disease, and hyperthyroidism were identified using specific criteria between January 2009 and the index date (Supplementary Methods). Diagnostic codes were classified based on the International Classification of Diseases (ICD)-10, following previous studies (27–32). The primary outcome was the incidence of AF (ICD-10 code: I48), In this study, AF was defined by at least two out-patient hospital visits or one admission with the diagnostic code I48 (33). This diagnostic code was validated via electrocardiogram review, demonstrating a predictive value of 94.1% (34, 35).



Statistical analysis

The study presented data in two formats: mean ± standard deviation, or as number and percentage. The relationship between eGFR and AF occurrence was examined by categorizing participants into deciles of eGFR or into ranges of eGFR (<30, 30–60, 60–90, 90–120, and > 120 mL/min/1.73 m2), with the 5th decile and the range of 60–90 mL/min/1.73 m2 serving as the reference group. We employed two different grouping methodologies, which allowed us to explore the data comprehensively, identify potential trends, and interpret the results as more clinically relevant. Kaplan–Meier survival curves were employed to analyze this relationship, while log-rank tests were utilized to compare differences between eGFR deciles and ranges. Cox proportional hazard models were used to calculate hazard ratios (HR) and 95% confidence intervals (CI) for the relationship between eGFR and AF occurrence. Multivariable regression models were applied to account for potential confounding variables, including age, sex, body mass index, waist circumference, income levels, smoking, alcohol consumption, regular physical activity, proteinuria, hypertension, diabetes mellitus, dyslipidemia, and Charlson comorbidity index. Subgroup analyses were conducted based on these confounding variables. For sensitivity analysis, further evaluation was performed using eGFR levels according to the Modification of Diet in Renal Disease (MDRD) study equation (36). Statistical analyses were conducted using SAS software (version 9.2, SAS Institute, Cary, NC, United States), with a p-value of less than 0.05 considered significant.



Ethical approval statement

The Institutional Review Board of Ewha Womans University College of Medicine approved this study and provided a consent waiver (Institutional Review Board approval number: SEUMC 2022–02-018), as the NHIS permitted unrestricted access to anonymized data for research purposes.




Results

The average age of the participants was 48.82 ± 10.08 years, with males comprising 51.4% of the population. The prevalence of hypertension, diabetes mellitus, and current smokers was 24.9%, 10.6%, and 19.8%, respectively. With respect to the eGFR deciles, 9.6% of participants fell into the 5th group (reference), exhibiting an eGFR of 86.05–90.49 mL/min/1.73m2. Regarding eGFR ranges, the proportions of subjects with eGFR levels <30, 30–60, 60–90 (reference), 90–120, and > 120 mL/min/1.73m2 were 0.1%, 4.2%, 44.8%, 46.7%, and 4.1%, respectively (Table 1). In our study, we observed that the glomerular filtration group >120 mL/min/1.73m2 tended to be younger in age, with a lower average BMI and smaller waist circumferences compared to other groups (Supplementary Table S1). Additionally, we found a lower prevalence of hypertension, diabetes mellitus, dyslipidemia, and heart failure among individuals in the glomerular filtration group >120 mL/min/1.73m2 group (Supplementary Table S1).



TABLE 1 Baseline characteristics of participants.
[image: Table1]

During a median follow-up of 9.58 years (interquartile range: 9.19–10.11 years), 27,469 cases of AF (1.04%) were documented. Kaplan–Meier survival analysis indicated that the risk of AF was significantly associated with higher-than-normal eGFR deciles (p < 0.001) and higher-than-normal eGFR levels (p < 0.001) (Figures 2A,B).
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FIGURE 2
 Kaplan–Meier survival curves illustrating the relationship between estimated glomerular filtration rate (eGFR) and atrial fibrillation occurrence [(A) deciles, (B) ranges].


In the multivariate analysis, compared to the 5th decile, the 1st [HR: 1.08, 95% CI (1.03, 1.13), p = 0.010] and 2nd [HR: 1.05, 95% CI (1.00, 1.10), p = 0.034] eGFR deciles were significantly associated with an increased risk of AF. Conversely, the 8th [HR: 0.91, 95% CI (0.85, 0.97), p = 0.006], 9th [HR: 0.83, 95% CI (0.77, 0.89), p < 0.001], and 10th [HR: 0.77, 95% CI (0.70, 0.85), p < 0.001] eGFR deciles were significantly associated with a reduced risk of AF (Table 2; Supplementary Table S2). In terms of eGFR ranges, eGFR <30 mL/min/1.73m2 [HR: 1.22, 95% CI (1.01, 1.46), p = 0.039] was associated with an elevated risk of AF, whereas eGFR >120 mL/min/1.73m2 [HR: 0.88, 95% CI (0.78, 0.98), p = 0.045] was associated with a decreased risk of AF (Table 2; Supplementary Table S3). The hazard ratio plot demonstrated a decline in the hazard ratio for AF as GFR increased, both in decile groups and ranges (Figure 3).



TABLE 2 Relationship between renal function and atrial fibrillation incidence.
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FIGURE 3
 The hazard ratios representing the association between renal function and atrial fibrillation occurrence are displayed in two formats: (A) decile groups and (B) range groups. The solid blue line shows the multivariate adjusted hazard ratios with 95% confidence intervals for each group, while the dashed lines indicate a hazard ratio of 1. The red line represents the restricted cubic spline curves. Hazard ratios were calculated using the multivariable Cox model shown in Table 2.


Subgroup analysis revealed no significant interactions between eGFR ranges and AF occurrence based on sex, body mass index, smoking status, alcohol consumption, regular physical activity, proteinuria, and comorbidities including hypertension, diabetes mellitus, dyslipidemia, heart failure, and myocardial infarction, with the exception of age (dichotomized at the median value of 50 years) (Supplementary Table S4). Sensitivity analysis consistently showed the association of eGFR deciles and ranges with AF occurrence, even when eGFR levels were assessed using the MDRD method (Supplementary Table S5).



Discussion

Our study revealed that individuals with eGFR>120 mL/min/1.73m2 or those falling within eGFR 10th decile (>113.41 mL/min/1.73m2) demonstrated an inverse association linked to a reduced risk of AF, which remains significant in individuals presenting with proteinuria, obesity, hypertension, and diabetes mellitus.

Numerous studies have investigated the relationship between eGFR and AF. A community-based observational cohort study conducted in Japan, involving approximately 240,000 individuals, revealed that the hazard ratio for AF occurrence increased proportionally with the decline in renal function over a mean follow-up period of 5.9 years (37). A proportional relationship between the extent of renal function impairment and a higher occurrence of AF was also discovered (38). However, evidence is scarce regarding whether the risk of AF elevates with high eGFR levels. Contrarily, previous studies have reported “U” or “J”-shaped relationships between eGFR and cardiovascular risk or mortality, suggesting that both low and high eGFR levels are associated with an increased mortality risk. When compared to normal eGFR levels, a relatively high eGFR was linked to an increased risk of cardiovascular diseases and mortality. In a prior study of the Chronic Kidney Disease Epidemiology Collaboration dataset, participants with a high eGFR, defined as 95th percentiles of the age- and sex-specific eGFR quintile [HR 1.5, 95% CI (1.2–2.1)] exhibited a significantly heightened risk of cardiovascular events compared to those with normal eGFR (39). In a prospective cohort study comprising 16,958 participants without clinically evident vascular disease, an eGFR >90 mL/min/1.73m2 was associated with coronary heart disease and nonvascular mortality (40). Furthermore, a retrospective study of roughly 43,500 individuals from a general population health screening cohort with a mean observation period of 12.4 years identified a correlation between high eGFR, defined as GFR.95th percentile after adjustment for age, sex, muscle mass, and history of diabetes and/or hypertension medication, and increased risk of all-cause mortality (41). In summary, both low and high eGFR levels may be associated with cardiovascular events, including mortality.

Generally, although a high eGFR is frequently deemed favorable due to its indication of good kidney function, it can serve as a marker for underlying health conditions such as hypertension, diabetes, and obesity. As these conditions worsen, the risk of cardiovascular events and mortality increases. Moreover, high eGFR may be associated with dysfunction of the renin-angiotensin system, low-grade vascular or systemic inflammation, endothelial dysfunction, and increased arterial stiffness. These factors represent the primary mechanisms contributing to the development of cardiovascular disease and increased mortality risk (39, 42, 43). However, in our results, the association between high eGFR and increased risk of AF was not substantiated. In other words, high eGFR exhibited a lower risk of AF development, as shown in eGFR>120 mL/min/1.73 m2 or eGFR 10th decile (>113.41 mL/min/1.73 m2) groups. Although pinpointing an exact mechanism for this relationship is challenging, several hypotheses could explain these findings. Our investigation focused on the risk of AF as the outcome, not the cardiovascular outcome. While impaired kidney function represented by low eGFR levels is associated with both cardiovascular disease and AF development, the association of high eGFR with cardiovascular disease or AF could differ. In essence, high eGFR might display a protective effect against AF risk with exceptionally good renal function in its pure form. Kidney function is intimately connected to the regulation of electrolytes and fluid balance in the body, and disturbances in these processes may contribute to AF development (44). The state of renal hyperfiltration sustains the overall nephron function by utilizing the renal reservoir, thereby maintaining electrolyte and fluid balance, which might signify a low-risk stage before AF occurrence. Additionally, even if high eGFR is presumed to be a preclinical exacerbating factor for the risk of various vascular diseases, it is possible that high eGFR exerts a preconditioning effect on AF occurrence, akin to the ischemic preconditioning effect for arrhythmia (45). Furthermore, since our study included only Asian participants, the results may not be generalizable to Western populations. Additionally, our dataset, which included a nationwide general population, differed from previous studies that involved stroke, diabetes mellitus, and atherosclerosis patients (4). Further research is required to validate these hypotheses.

Our research has limitations that should be acknowledged. First, there may have been a potential for ethnic selection bias, which could limit the applicability of our results to other populations. Additional research on diverse races and ethnicities is warranted. Second, we only assessed cross-sectional eGFR and did not perform cystatin C measurements, which were not included in the NHIS dataset. Additionally, there is a possibility of an overestimation of renal function in some individuals within the group with eGFR >90 mL/min/1.73 m2, which could potentially impact the validity of the findings. Lastly, while our study was a longitudinal, nationwide investigation, its retrospective nature might impede the establishment of a causal relationship.



Conclusion

In summary, this study revealed that individuals with eGFR>120 mL/min/1.73m2 or those falling within eGFR 10th decile (>113.41 mL/min/1.73m2) demonstrated an inverse association linked to a reduced risk of AF. The anticipated “U”- or “J”-shaped phenomenon was not observed in the relationship between renal function and AF occurrence. Our study suggests that the general population with higher-than-normal eGFR levels may have a lower risk of developing AF.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: the data used in this study are available in the National Health Insurance Service-National Health Screening Cohort (NHIS-HEALS) database, but restrictions apply to the public availability of these data used under license for the current study. Requests for access to the NHIS data can be made through the National Health Insurance Sharing Service homepage (http://nhiss.nhis.or.kr/bd/ab/bdaba021eng.do). For access to the database, a completed application form, research proposal, and application for approval from the Institutional Review Board should be submitted to the inquiry committee of research support in the NHIS for review. Requests to access these datasets should be directed to http://nhiss.nhis.or.kr/bd/ab/bdaba021eng.do.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of Ewha Womans University College of Medicine (Institutional Review Board approval number: SEUMC 2022-02-018). The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because the NHIS permitted unrestricted access to anonymized data for research purposes.



Author contributions

MK, D-HK, and T-JS contributed to data interpretation and manuscript drafting. MK, H-JH, RJ, YO, D-HK, and T-JS participated in data analysis and interpretation. T-JS contributed to the conception, design, data acquisition, interpretation, and critical revision of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This project was supported by a grant from the Basic Science Research Program through the National Research Foundation of Korea funded by the Ministry of Education (2021R1F1A1048113 to T-JS,). This work was supported by the Institute of Information & Communications Technology Planning & Evaluation (IITP) grant funded by the Korean government (MSIT) (2022-0-00621 to T-JS, Development of artificial intelligence technology that provides dialog-based multi-modal explainability). This research was supported by a grant from the Korea Health Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant numbers: HI22C073600, RS-2023-00262087 to T-JS). The funding source had no role in the design, conduct, or reporting of this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1207778/full#supplementary-material



References

 1. Gansevoort, RT, Correa-Rotter, R, Hemmelgarn, BR, Jafar, TH, Heerspink, HJ, Mann, JF , et al. Chronic kidney disease and cardiovascular risk: epidemiology, mechanisms, and prevention. Lancet. (2013) 382:339–52. doi: 10.1016/S0140-6736(13)60595-4

 2. Song, TJ, Kim, J, Lee, HS, Nam, CM, Nam, HS, Kim, YD , et al. Distribution of cerebral microbleeds determines their association with impaired kidney function. J Clin Neurol. (2014) 10:222–8. doi: 10.3988/jcn.2014.10.3.222 

 3. Helal, I, Fick-Brosnahan, GM, Reed-Gitomer, B, and Schrier, RW. Glomerular hyperfiltration: definitions, mechanisms and clinical implications. Nat Rev Nephrol. (2012) 8:293–300. doi: 10.1038/nrneph.2012.19 

 4. Kanbay, M, Ertuglu, LA, Afsar, B, Ozdogan, E, Kucuksumer, ZS, Ortiz, A , et al. Renal hyperfiltration defined by high estimated glomerular filtration rate: a risk factor for cardiovascular disease and mortality. Diabetes Obes Metab. (2019) 21:2368–83. doi: 10.1111/dom.13831 

 5. Chugh, SS, Havmoeller, R, Narayanan, K, Singh, D, Rienstra, M, Benjamin, EJ , et al. Worldwide epidemiology of atrial fibrillation: a global burden of disease 2010 study. Circulation. (2014) 129:837–47. doi: 10.1161/CIRCULATIONAHA.113.005119 

 6. Benjamin, EJ, Wolf, PA, D’Agostino, RB, Silbershatz, H, Kannel, WB, and Levy, D. Impact of atrial fibrillation on the risk of death: the Framingham heart study. Circulation. (1998) 98:946–52. doi: 10.1161/01.CIR.98.10.946

 7. Bekwelem, W, Connolly, SJ, Halperin, JL, Adabag, S, Duval, S, Chrolavicius, S , et al. Extracranial systemic embolic events in patients with Nonvalvular atrial fibrillation: incidence, risk factors, and outcomes. Circulation. (2015) 132:796–803. doi: 10.1161/CIRCULATIONAHA.114.013243 

 8. Meyre, P, Blum, S, Berger, S, Aeschbacher, S, Schoepfer, H, Briel, M , et al. Risk of hospital admissions in patients with atrial fibrillation: a systematic review and Meta-analysis. Can J Cardiol. (2019) 35:1332–43. doi: 10.1016/j.cjca.2019.05.024 

 9. Go, AS, Hylek, EM, Phillips, KA, Chang, Y, Henault, LE, Selby, JV , et al. Prevalence of diagnosed atrial fibrillation in adults: national implications for rhythm management and stroke prevention: the AnTicoagulation and risk factors in atrial fibrillation (ATRIA) study. JAMA. (2001) 285:2370–5. doi: 10.1001/jama.285.18.2370

 10. Guo, Y, Tian, Y, Wang, H, Si, Q, Wang, Y, and Lip, GYH. Prevalence, incidence, and lifetime risk of atrial fibrillation in China: new insights into the global burden of atrial fibrillation. Chest. (2015) 147:109–19. doi: 10.1378/chest.14-0321 

 11. Inoue, H, Fujiki, A, Origasa, H, Ogawa, S, Okumura, K, Kubota, I , et al. Prevalence of atrial fibrillation in the general population of Japan: an analysis based on periodic health examination. Int J Cardiol. (2009) 137:102–7. doi: 10.1016/j.ijcard.2008.06.029 

 12. Choi, EJ, Lee, IH, and Je, NK. Inadequate stroke prevention in Korean atrial fibrillation patients in the post-warfarin era. Int J Cardiol. (2016) 220:647–52. doi: 10.1016/j.ijcard.2016.06.177

 13. Kulkarni, N, Gukathasan, N, Sartori, S, and Baber, U. Chronic kidney disease and atrial fibrillation: a contemporary overview. J Atr Fibrillation. (2012) 5:448. doi: 10.4022/jafib.448 

 14. Corban, MT, Toya, T, Ahmad, A, Lerman, LO, Lee, HC, and Lerman, A. Atrial fibrillation and endothelial dysfunction: a potential link? Mayo Clin Proc. (2021) 96:1609–21. doi: 10.1016/j.mayocp.2020.11.005

 15. Chang, Y, Woo, HG, Park, J, Lee, JS, and Song, TJ. Improved oral hygiene care is associated with decreased risk of occurrence for atrial fibrillation and heart failure: a nationwide population-based cohort study. Eur J Prev Cardiol. (2020) 27:1835–45. doi: 10.1177/2047487319886018 

 16. Chang, Y, Lee, JS, Lee, KJ, Woo, HG, and Song, TJ. Improved oral hygiene is associated with decreased risk of new-onset diabetes: a nationwide population-based cohort study. Diabetologia. (2020) 63:924–33. doi: 10.1007/s00125-020-05112-9 

 17. Park, JH, Kwoen, MJ, Lee, JR, Kim, KS, Lee, HJ, Kim, JW , et al. Gradual, but not sudden, dose-dependent increase of ONJ risk with bisphosphonate exposure: a Nationwide cohort study in women with osteoporosis. Front Endocrinol (Lausanne). (2021) 12:774820. doi: 10.3389/fendo.2021.774820 

 18. Kim, D, Kim, JH, Lee, H, Hong, I, Chang, Y, and Song, TJ. Association of gamma-glutamyl transferase variability with risk of osteoporotic fractures: a nationwide cohort study. PLoS One. (2023) 18:e0277452. doi: 10.1371/journal.pone.0277452 

 19. Chang, Y, Lee, H, and Song, TJ. Association of gamma-glutamyl transferase variability with risk of venous thrombosis. Sci Rep. (2023) 13:7402. doi: 10.1038/s41598-023-34368-5 

 20. Kim, D, Kim, JH, and Song, TJ. Total cholesterol variability and the risk of osteoporotic fractures: a Nationwide population-based cohort study. J Pers Med. (2023) 13:509. doi: 10.3390/jpm13030509 

 21. Chang, Y, Kim, SH, Jeon, J, Song, TJ, and Kim, J. Oral health and risk of retinal vascular occlusions: a Nationwide cohort study. J Pers Med. (2023) 13:121. doi: 10.3390/jpm13010121

 22. Park, JH, Kim, JW, Lee, H, Hong, I, and Song, TJ. Better Oral hygiene is associated with a decreased risk of Meniere’s disease: a Nationwide cohort study. J Pers Med. (2022) 13:80. doi: 10.3390/jpm13010080

 23. Park, JH, Chang, Y, Kim, JW, and Song, TJ. Improved Oral health status is associated with a lower risk of venous thromboembolism: a Nationwide cohort study. J Pers Med. (2022) 13:20. doi: 10.3390/jpm13010020

 24. Park, MS, Jeon, J, Song, TJ, and Kim, J. Association of periodontitis with microvascular complications of diabetes mellitus: a nationwide cohort study. J Diabetes Complicat. (2022) 36:108107. doi: 10.1016/j.jdiacomp.2021.108107 

 25. Seong, SC, Kim, YY, Park, SK, Khang, YH, Kim, HC, Park, JH , et al. Cohort profile: the National Health Insurance Service-National Health Screening Cohort (NHIS-HEALS) in Korea. BMJ Open. (2017) 7:e016640. doi: 10.1136/bmjopen-2017-016640 

 26. Tent, H, Waanders, F, Krikken, JA, Heerspink, HJ, Stevens, LA, Laverman, GD , et al. Performance of MDRD study and CKD-EPI equations for long-term follow-up of nondiabetic patients with chronic kidney disease. Nephrol Dial Transplant. (2012) 27:iii89–95. doi: 10.1093/ndt/gfr235

 27. Song, TJ, Kim, JW, and Kim, J. Oral health and changes in lipid profile: a nationwide cohort study. J Clin Periodontol. (2020) 47:1437–45. doi: 10.1111/jcpe.13373 

 28. Woo, HG, Chang, Y, Lee, JS, and Song, TJ. Association of Tooth Loss with new-onset Parkinson’s disease: a Nationwide population-based cohort study. Parkinsons Dis. (2020) 2020:1–8. doi: 10.1155/2020/4760512

 29. Chang, Y, Woo, HG, Lee, JS, and Song, TJ. Better oral hygiene is associated with lower risk of stroke. J Periodontol. (2021) 92:87–94. doi: 10.1002/JPER.20-0053 

 30. Lee, K, Lee, JS, Kim, J, Lee, H, Chang, Y, Woo, HG , et al. Oral health and gastrointestinal cancer: a nationwide cohort study. J Clin Periodontol. (2020) 47:796–808. doi: 10.1111/jcpe.13304 

 31. Kim, J, Kim, HJ, Jeon, J, and Song, TJ. Association between oral health and cardiovascular outcomes in patients with hypertension: a nationwide cohort study. J Hypertens. (2022) 40:374–81. doi: 10.1097/HJH.0000000000003022 

 32. Song, TJ, Chang, Y, Jeon, J, and Kim, J. Oral health and longitudinal changes in fasting glucose levels: a nationwide cohort study. PLoS One. (2021) 16:e0253769. doi: 10.1371/journal.pone.0253769 

 33. Park, JH, Lee, H, Kim, JW, and Song, TJ. Association between periodontal disease status and risk of atrial fibrillation: a nationwide population-based cohort study. BMC Oral Health. (2023) 23:461. doi: 10.1186/s12903-023-03165-x 

 34. Lee, SS, Ae Kong, K, Kim, D, Lim, YM, Yang, PS, Yi, JE , et al. Clinical implication of an impaired fasting glucose and prehypertension related to new onset atrial fibrillation in a healthy Asian population without underlying disease: a nationwide cohort study in Korea. Eur Heart J. (2017) 38:2599–607. doi: 10.1093/eurheartj/ehx316 

 35. Park, SY, Kim, SH, Kang, SH, Yoon, CH, Lee, HJ, Yun, PY , et al. Improved oral hygiene care attenuates the cardiovascular risk of oral health disease: a population-based study from Korea. Eur Heart J. (2019) 40:1138–45. doi: 10.1093/eurheartj/ehy836 

 36. Levey, AS, Coresh, J, Greene, T, Marsh, J, Stevens, LA, Kusek, JW , et al. Expressing the modification of diet in renal disease study equation for estimating glomerular filtration rate with standardized serum creatinine values. Clin Chem. (2007) 53:766–72. doi: 10.1373/clinchem.2006.077180 

 37. Watanabe, H, Watanabe, T, Sasaki, S, Nagai, K, Roden, DM, and Aizawa, Y. Close bidirectional relationship between chronic kidney disease and atrial fibrillation: the Niigata preventive medicine study. Am Heart J. (2009) 158:629–36. doi: 10.1016/j.ahj.2009.06.031 

 38. Iguchi, Y, Kimura, K, Aoki, J, Kobayashi, K, Terasawa, Y, Sakai, K , et al. Prevalence of atrial fibrillation in community-dwelling Japanese aged 40 years or older in Japan: analysis of 41,436 non-employee residents in Kurashiki-city. Circ J. (2008) 72:909–13. doi: 10.1253/circj.72.909 

 39. Reboldi, G, Verdecchia, P, Fiorucci, G, Beilin, LJ, Eguchi, K, Imai, Y , et al. Glomerular hyperfiltration is a predictor of adverse cardiovascular outcomes. Kidney Int. (2018) 93:195–203. doi: 10.1016/j.kint.2017.07.013 

 40. Di Angelantonio, E, Chowdhury, R, Sarwar, N, Aspelund, T, Danesh, J, and Gudnason, V. Chronic kidney disease and risk of major cardiovascular disease and non-vascular mortality: prospective population based cohort study. BMJ. (2010) 341:c4986. doi: 10.1136/bmj.c4986 

 41. Park, M, Yoon, E, Lim, YH, Kim, H, Choi, J, and Yoon, HJ. Renal hyperfiltration as a novel marker of all-cause mortality. J Am Soc Nephrol. (2015) 26:1426–33. doi: 10.1681/ASN.2014010115 

 42. Cherney, DZ, Sochett, EB, Lai, V, Dekker, MG, Slorach, C, Scholey, JW , et al. Renal hyperfiltration and arterial stiffness in humans with uncomplicated type 1 diabetes. Diabetes Care. (2010) 33:2068–70. doi: 10.2337/dc10-0767 

 43. Cherney, DZ, Reich, HN, Jiang, S, Har, R, Nasrallah, R, Hebert, RL , et al. Hyperfiltration and effect of nitric oxide inhibition on renal and endothelial function in humans with uncomplicated type 1 diabetes mellitus. Am J Physiol Regul Integr Comp Physiol. (2012) 303:R710–8. doi: 10.1152/ajpregu.00286.2012 

 44. Rafaqat, S, Rafaqat, S, Khurshid, H, and Rafaqat, S. Electrolyte’s imbalance role in atrial fibrillation: pharmacological management. Int J Arrhythmia. (2022) 23:15. doi: 10.1186/s42444-022-00065-z

 45. Parratt, J, and Vegh, A. Pronounced antiarrhythmic effects of ischemic preconditioning. Cardioscience. (1994) 5:9–18.



OPS/images/fmed-10-1207778-t002.jpg
Number of ~ Numberof Eventrate Person-years Incidencerate Adjusted HR  p-value

participants events (%) (95% (per 1,000 (95% CI)
Cl) person-years)

eGFR (decile), mL/min/1.73m?

Ist (< 67.51) 263451 6,838 260(253,266)  2403,195.33 285 1.08 (103, 1.13) 0.010
2nd (67.51-75.08) 266,010 4236 159 (154, 1.64) 2512,757.54 169 1.05 (100, 1.10) 0.034
3rd (75.08-80.69) 265,650 3,065 115 (111, 1.19) 2,532,633.50 121 105 (100, 1.11) 0.056
4th (80.69-86.05) 271,300 2,752 101(098,1.05)  2575,152.64 107 096 (091, 1.01) 0.130
5th (86.05-90.49) 254,182 2815 L1L(1.07, 1.15) 2413,161.20 117 1 (Reference)

6th (90.49-95.50) 262,462 2721 1.04 (100, 1.08) 2,498,383.35 109 102 (097,1.08) 0.443
7th (95.50-100.55) 271,764 2279 0.84(0.80,087) 260031254 088 104 (098, 1.10) 0216
sth (100.55-105.63) 261435 1,352 0.52(049,054) 250668116 054 091 (0.85,0.97) 0.006
9th (105.63-113.41) 264,354 944 0.36(0.33,038) 2,531,735.26 037 083 (077, 0.89) <0001
10th (> 113.41) 264,434 467 0.18(0.16,019)  2,531292.14 018 077 (0.70,0.85) <0001

eGFR(range), mL/min/1.73m?

<30 2774 116 4.18(3.42,4.94) 19,998.23 580 122 (101, 1.46) 0.039
30-60 12121 3494 3.12(3.01,3.22) 994,408.94 351 102 (098, 1.06) 0.308
60-90 1,185,354 15,89 134(132,136)  11,227,88141 142 1 (Reference)

90-120 1,235,776 7,770 0.63(0.61,064)  11,820,40043 0.66 095 (092,0.98) <0001
>120 109,017 193 0.18(0.15,020) 1,042,615.65 019 088 (078, 0.98) 0.045
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Variables otal (N =2,645,042)
Sex
Male 1,358,515 (51.4)
Female 1,286,527 (48.6)
Age, years 48.82£10.08
Body mass index (kg/m?) 23.76+327
Waist circumference (cm) 8030+937

Household income

Q1 lowest 717,496 (27.1)
Q@ 922,008 (34.9)
Q3 664,499 (25.1)
Q4 highest 341,039 (129)

Smoking status

Never 1,629,714 (61.6)
Former 388,337 (14.7)
Current 626,991 (23.7)

Alcohol consumption (days/week)

None 1,411,227 (53.4)
14 1,127,425 (426)
>5 106,390 (4.0)

Regular physical activity (days/week)

None 1,621,142 (61.3)
14 869,808 (32.9)
>5 154,092 (5.8)
Proteinuria
Negative (<) 255245572 (95.5)
Positive (+) 120470 (46)
Comorbidities
Hypertension 639,503 (24.9)
Diabetes mellitus 279,725 (10.6)
Dyslipidemia 523,785 (19.8)
Heart failure 33429(13)
Myocardial infarction 7,813 (0.3)
Valvular heart disease 5819(02)
Cardiomyopathy 1,902 (0.1)
Congenital heart disease 833 (0.0)
Hyperthyroidism 29,648 (1.1)

Charlson comorbidity index

0 2,096,358 (79.3)
1 402,157 (15.2)
>2 146,527 (5.5)

eGFR (decile), mL/min/1.73m?
15t (<67.51) 263451 (10.0)
20d (67.51-75.08) 266,010 (10.1)
31d (75.08-80.69) 265,650 (10.0)
4th (80.69-86.05) 271,300 (10.3)
5th (86.05-90.49) 254,182 (9.6)
6th (90.49-95.50) 262462 (9.9)
7th (95.50-100.55) 271,764 (10.3)
8th (100.55-105.63) 261,435 (9.9)
9th (105.63-113.41) 264,354 (10.0)
10th (=113.41) 264,434 (10.0)

eGFR (range), mL/min/1.73m?

<30 74 (0.1)
30-60 112,121 (42)
60-90 1,185,354 (44.8)
90-120 1,235,776 (46.7)
>120 109,017 (4.1)

Data are expressed as the mean  standard deviation, or number (percentage). Q. quartile; eGFR, estimated glomerular filtration rate.
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