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Abstract

:

Background: Little is known about how incident atrial fibrillation (AF) affects the clinical outcomes in chronic kidney disease (CKD) patients and whether there is a different influence between pre-existing and incident AF. Methods: Incident CKD patients from 2000 to 2013 were retrieved from the National Health Insurance Research Database (NHIRD) of Taiwan and they were classified as non-AF (n = 15,251), prevalent AF (n = 612), and incident AF (n = 588). The outcomes of interest were end-stage renal disease (ESRD) requiring dialysis, all-cause mortality, cardiovascular (CV) mortality, acute myocardial infarction (AMI), stroke or systemic thromboembolism. Results: Compared with CKD patients without AF, those with prevalent or incident AF were associated with higher adjusted rates of ESRD (hazard ratio (HR), 1.40; 95% confidence interval (CI), 1.32–1.48; HR, 2.91; 95% CI, 2.74–3.09, respectively), stroke or systemic thromboembolism (HR, 1.89; 95% CI, 1.77–2.03; HR, 1.67; 95% CI, 1.54–1.81, respectively), AMI (HR, 1.24; 95% CI, 1.09–1.41; HR, 1.99; 95% CI, 1.75–2.27, respectively), all-cause mortality (HR, 1.64; 95% CI, 1.56–1.72; HR, 2.17; 95% CI, 2.06–2.29, respectively), and CV mortality (HR, 2.95; 95% CI, 2.62–3.32; HR, 4.61; 95% CI, 4.09–5.20, respectively). Intriguingly, CKD patients with prevalent AF were associated with lower adjusted rates of ESRD, AMI, all-cause mortality, and CV mortality compared with those with incident AF. Conclusion: Both incident and prevalent AF were independently associated with greater risks of AMI, all-cause mortality, CV mortality, ESRD, and stroke or systemic thromboembolism. Our findings are novel in that, compared with prevalent AF, incident AF possessed an even higher risk of some clinical consequences, including ESRD, all-cause mortality, CV mortality, and AMI.
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1. Introduction


Atrial fibrillation (AF) is the most common persistent cardiac arrhythmias and is estimated to affect 3 million people in the United States [1]. The changes in the atrial electrical properties to a diffuse and chaotic pattern that suppress normal sinus discharge initiate and perpetuate AF. AF not only causes many adverse cardiovascular consequences associated with reduced cardiac output and atrial thrombosis, including heart failure, strokes, and mortality, but also results in significant medical expenses [2,3,4]. The classification of AF is a matter of debate, but the most widely used system divides AF into paroxysmal, persistent, long-standing persistent, or permanent. All of these types require periodic monitoring and evaluation of thromboembolism risk. Beyond the established complication of AF-related thromboembolism in the brain and heart, AF has been reported to play a role in renal function deterioration among patients with chronic kidney disease (CKD) [5].



Similar to AF, the increase in the prevalence of CKD has trended globally and is mainly due to the growing aging population and the prevalence of diabetes mellitus (DM) and hypertension [6]. CKD is commonly complicated by a variety of comorbid conditions, which are contributors of adverse outcomes. In addition to the traditional risk factors, CKD itself, both reduced glomerular filtration rate and increased albuminuria, and CKD-specific milieu, such as anemia and mineral disorder, can also result in high cardiovascular morbidity and mortality risk [7]. The guidelines of the National Kidney Foundation and the American College of Cardiology/American Heart Association also consider CKD to be a risk equivalent to coronary heart disease [8,9]. CKD itself is also a causal risk factor for strokes independent of the traditional cardiovascular risk factor [10].



Several population-based studies have shown that CKD is a risk factor for new-onset AF [11,12,13]. The coexistence of CKD and AF can lead to a multiplicative risk rather than an additive risk from each entity alone. However, little is known about how incident AF affects the clinical outcomes in CKD patients and whether there is a different influence between pre-existing and incident AF. Thus, we conducted the present study using the nationwide healthcare claim data to investigate and compare the effects of incident AF and prevalent AF on mortality, end-stage renal disease (ESRD), cardiovascular (CV) mortality, acute myocardial infraction (AMI), and stroke or systemic thromboembolism in patients with predialysis CKD.




2. Experimental Section


2.1. Data Source


The Taiwan National Health Insurance Research Database (NHIRD) is large-scale, nationwide data and contains the comprehensive medical practices of >99% of Taiwan residents. The information was provided by contracted medical facilities to the Bureau of National Health Insurance (NHI) for claiming the reimbursement of medical expenses. We conducted a nationwide cohort study through retrieving the information of all patients with CKD from a subset of the Taiwan NHIRD. Our data of one million beneficiaries were randomly sampled from the original Taiwan NHIRD and released by the Bureau of NHI. There were no significant differences in age, gender, or healthcare expenditure between the sampled subset and the entire database. This study was evaluated and approved by our institutional review board. A waiver of informed consents was obtained due to the retrospective design and the encrypted identities of the enrollees.




2.2. Study Cohort and Design


Taiwan NHIRD adopted the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) to record the comorbidities. To increase the accuracy of diagnosis, we defined a patient to have a specific comorbidity if the medical diagnosis is listed as a discharge diagnosis or listed at least twice in the outpatient department within one year and the interval between the first and last date of medical coding should be more than 90 days apart [14,15]. First, we identified patients with CKD from 1 January 1996 and 31 December 2013 from the NHIRD [14,16]. Incident CKD patients from 2000 to 2013 were retrieved after excluding those CKD patients who had CKD diagnosed before 2000. This 4-year look-back period (1996–1999) was used to ensure that all CKD patients in our cohort were newly diagnosed and to reduce false incident cases. In addition, we also excluded those who were aged <18 or >100 years, underwent renal replacement therapy before the date of incident CKD, had incomplete demographic data, or a follow-up period of <90 days. The index date was defined as the date of first CKD confirmation. Finally, CKD patients with aortic or mitral valve disease or hyperthyroidism before the index date were also excluded. Individuals were classified as incident AF, prevalent AF, or non-AF according the temporal relations between the date of AF occurrence, if any, and the date of incident CKD. Patients with prevalent AF were those participants who already had AF before the diagnosis of CKD, whereas patients with incident AF were those who developed AF after the diagnosis of CKD, and the remaining patients were designated as non-AF. A follow-up started from the index date to the date of death, or the end of study on 31 December 2013.




2.3. Study Outcomes and Relevant Confounding Variables


Our study outcomes were ESRD requiring renal replacement therapy, all-cause mortality, CV mortality, AMI, and stroke or systemic thromboembolism. Systemic thromboembolism included ischemic strokes, transient ischemic attacks, peripheral artery embolism, and pulmonary embolism. The events of AMI, stroke or systemic thromboembolism were defined as hospitalizations for those outcome events being listed as the first discharge diagnosis [17]. Diagnosis of ESRD requiring renal replacement therapy was confirmed by specific (ICD-9-CM) codes and inclusion in the Registry for Catastrophic Illness Patient Database, a sub-classification of the NHIRD. In Taiwan, ESRD patients undergoing renal replacement therapy were granted a catastrophic illness card so that the copayment for medical expenditure was waived. We also collected the data on pharmacotherapy, the frequency of annual outpatient visits, demographics, and comorbid conditions for statistical analyses. The CHA2DS2-VASc score, a valid stroke risk stratification model, was also calculated and adjusted for [18]. The medical codes used for the comorbidities, outcome events, and CHA2DS2-VASc calculation were provided in Table S1.




2.4. Statistical Analyses


The data distribution was shown in number (proportions) for categorical variables and in mean ± standard deviation (SD) for continuous variables in the three groups. The comparisons of the differences in the distribution of covariates in the three AF groups were made using one-way analysis of variance (ANOVA), a Chi-square test, or Fisher’s exact test, as appropriate. The crude incidence rate for each outcome of interest was calculated per every 1000 person-years for those with non-AF, prevalent AF, and incident AF, with associated 95% confidence interval (CI). The risk at study endpoints started when incident CKD was diagnosed. Traditional Kaplan–Meier curves are not suitable for our study because the incident AF group might have their AF occurrence years after their index CKD date. Instead, the Simon and Makuch method was adopted to plot the cumulative incidence of study outcomes for the three AF groups.



A propensity score-matched process has been widely applied to produce a similar distribution of baseline characteristics between case cohort and control cohort in observational studies examining the causal effects of treatments or interventions. Due to the three study groups, rather than two groups, in our study, we applied an inverse probability weighting (IPW) model with propensity scores estimated from the generalized boosted models for the concern over the distinct data distribution [19,20]. The generalized boosted model was a machine learning technique that applies an iterative process with multinomial regression tree to identify the propensity score model that produces the best covariate balance between exposure groups. All the baseline characteristics were used to calculate the propensity scores.



A multivariate Cox regression model was built to analyze the association between study events and AF status by incorporating all the variables. Considering the competing risk of death and immortal bias for the incident AF group, we performed IPW-adjusted time-dependent cause-specific Cox models to examine the association between AF status and risk of study outcomes. Thus, if a patient developed AF during follow-up, they contributed time to the “non- AF” exposure group before being diagnosed with incident AF. After being diagnosed with AF, they would contribute person-time to the “incident AF” exposure group. The risk of study outcomes associated with AF status was expressed by hazard ratios (HRs) and 95% confidence interval (CI). The influence of AF status on study outcomes was examined by subgroup analyses stratified by age (< or ≥65 years), gender, CHA2DS2-VASc score (< or ≥3), and the use of renin-angiotensin system inhibitors. We performed three additional sensitivity analyses to test the robustness of our results. First, we repeated our analyses by incorporating those covariates with maximum standardization difference >0.1 into the adjustment model. Second, we adjusted for use of warfarin and antiplatelet agents (aspirin and clopidogrel) treated as time-dependent variables to determine whether treatment for AF attenuated the observed associations. Third, the risk of stroke or systemic thromboembolism was re-evaluated after excluding pulmonary embolism or a transient ischemic attack (TIA) as the outcome. Fourth, because the time difference in reporting AF is an important issue in our research and the misclassification of prevalent and incident AF is possible. We reclassified patients with AF occurring within 30, 90, and 180 days after CKD diagnosis to have prevalent AF to test the robustness of our study. All statistical analyses were performed using R language and SPSS statistical software, version 20.0 (SAS 9.4 software (SAS Institute Inc., Cary, NC, USA)). A two-tailed p-value <0.05 was considered statistically significant.





3. Results


3.1. Characteristics of Participants


The study data for the patient enrollment process were described in Figure 1. A total of 16,451 adults with incident CKD without valvular heart disease or hyperthyroidism were enrolled in this study and they were classified as the non-AF group (n = 15,251), prevalent AF group (n = 612), and incident AF group (n = 588). Before the IPW-matching process, participants with prevalent AF were more likely to be older, men, have a higher monthly income, have a past history of ischemic heart disease, chronic obstructive pulmonary disease, dementia, or peptic ulcer disease, and use more medications compared with the those with non-AF and incident AF (Table 1). After the IPW-matching process, no significantly different distribution amongst the three AF groups was found for most of the covariates, indicating their maximum standardization differences were less than 0.1.




3.2. Rates of Outcome Events by AF Status


The mean duration of follow-up was 4.72 ± 3.75 years. The crude incidence rate of our study outcomes was shown in Figure 2. The incident AF group had the highest incident rates for ESRD, stroke or systemic thromboembolism, AMI, all-cause mortality, and CV mortality compared with the prevalent and non-AF groups. Compared with non-AF group, the prevalent and incident AF groups both had several-fold higher crude HRs of ESRD (Table 2). Similarly, the prevalent and incident AF groups also had higher crude HRs of all-cause mortality, CV mortality, HF, AMI, ischemic stroke or systemic thromboembolism than the non-AF group.




3.3. Association of AF Status with Subsequent ESRD


The cumulative ESRD probability was plotted for the AF groups in Figure S1. In multivariable IPW-adjusted cause-specific and time-dependent Cox models (Table 2), incident AF was significantly associated with a 2.91-fold higher risk of ESRD, whereas prevalent AF was associated with a 1.4-fold higher risk compared with non-AF. Interestingly, incident AF had a significantly higher risk of ESRD compared with prevalent AF with the adjusted HR of prevalent AF versus incident AF being 0.48 (95% CI, 0.45–0.51).




3.4. Association of AF Status with Subsequent All-Cause and CV Deaths


The cumulative incidence of all-cause and CV survival was plotted for the AF groups in Figures S2 and S3. In multivariable IPW-adjusted cause-specific and time-dependent Cox models (Table 2), incident AF was significantly associated with 2.17-fold and 4.61-fold higher risks of all-cause and CV mortality compared with non-AF, respectively. Prevalent AF was associated with 1.64-fold and 2.95-fold higher risks of all-cause and CV mortality compared with non-AF, respectively. Incident AF had a significantly higher risk of all-cause mortality and CV mortality compared with prevalent AF with the adjusted HR of prevalent AF versus incident AF for all-cause mortality and CV mortality being 0.76 (95% CI, 0.72–0.81) and 0.64 (95% CI, 0.57–0.72), respectively.




3.5. Association of AF Status with Subsequent Cardiovascular Events


The cumulative survival free of AMI and stroke or systemic thromboembolism was plotted for the AF groups in Figures S4 and S5. In multivariable IPW-adjusted cause-specific and time-dependent Cox models (Table 2), incident AF was significantly associated with higher adjusted rates of AMI (aHR, 1.99; 95% CI, 1.75–2.27) and stroke or systemic thromboembolism (aHR, 1.67; 95% CI, 1.54–1.81), whereas prevalent AF was also associated with higher adjusted rates of AMI (aHR, 1.24; 95% CI, 1.09–1.41) and stroke or systemic thromboembolism (aHR, 1.89; 95% CI, 1.77–2.03) compared with non-AF. Compared with incident AF, prevalent AF had a significantly higher adjusted HR of stroke or systemic thromboembolism (HR, 1.14; 95% CI, 1.05–1.25) but with a lower risk of AMI (HR, 0.62; 95% CI, 0.53–0.72).




3.6. Subgroup Analyses


The results of subgroup analyses stratified by age (< or ≥65 years), gender, CHA2DS2-VASc score (< or ≥3), and the use of an angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker (ACEI/ARB) were shown in Table 3. The associations of increased risks of prevalent and incident AF versus non-AF with ESRD, AMI, all-cause mortality, CV mortality, and stroke or systemic thromboembolism were generally consistent across most of the participant subgroups.




3.7. Sensitivity Analyses


The associations of prevalent and incident AF versus non-AF with the outcomes under investigation remained statistically significant when the adjusted variables only included those with IPW-adjusted maximum standardization difference >0.1 in Table 1 (Table 4). In Cox models with medications (aspirin, clopidogrel, and warfarin) treated as time-dependent variables, very similar results to the main analyses were concluded regarding the associations of AF status with subsequent study outcomes. Additionally, consistent associations of prevalent and incident AF versus non-AF with subsequent risk of stroke or systemic thromboembolism were yielded when excluding TIA or pulmonary embolism as the outcome. Furthermore, the associations of a different AF status with clinical outcomes were consistent with preliminary results after reclassification of patients with AF occurring within 30, 90, and 180 days after CKD diagnosis as prevalent AF (Table S2).





4. Discussion


We analyzed well-characterized and large data from Taiwan NHIRD to study the impact of AF on the clinical endpoints in patients with CKD. To the best of our knowledge, the present study has been the first one to evaluate the differences in the risk of ESRD, AMI, mortality, and stroke or systemic thromboembolism in CKD patients stratified by the AF status. The main findings were highlighted as follows: (i) The presence of AF (prevalent or incident) was associated with higher risks of ESRD, all-cause mortality, CV mortality, AMI, and stroke or systemic thromboembolism compared with non-AF; (ii) the incident AF group had greater risks of ESRD, all-cause mortality, CV mortality, and AMI compared with the prevalent AF group.



AF-related ischemic strokes are a serious medical complication in CKD patients. Using Danish national registries, Olesen et al. also demonstrated a higher risk of ischemic strokes in patients with both CKD and AF and a reduced risk of thromboembolism by the warfarin treatment [21]. CKD per se was also suggested as a causal risk factor for strokes beyond traditional cardiovascular risk factors (10). CKD and AF share many cardiovascular risk factors, such as advanced age, hypertension, and coronary artery disease, so that the coexistence could lead to an amplified risk of a stroke. Bansal et al. examined the association of a new-onset of AF with subsequent risks of CV events in patients with CKD and found that participants with incident AF had a higher adjusted rate of strokes (HR, 2.66) compared with those without incident AF [22]. We also found the similar association, but the adjusted HR was 1.75. The difference in the strength of associations may be attributed to the distinct population characteristics, study design, and the number and severity of adjusted covariates. In addition to reporting the risk of thromboembolism for incident AF, we also compared the risk of prevalent AF and incident AF, which has rarely been discussed. Incident AF carried a lower risk of strokes versus prevalent AF from our study.



The term “cardiorenal syndrome” refers to the acute or chronic dysfunction of the heart or kidney, which can induce acute or chronic dysfunction of the other organ [23,24]. Previous work has established AF to be a causal predictor for CKD [25]. Further studies also addressed the risk of ESRD associated with AF in adults with CKD. Bansal et al. reported a strong and independent association between incident AF and ESRD with an adjusted HR of 1.67 among CKD patients enrolled in the Kaiser Permanente Northern California study [26]. The authors further used a more vigorous prospective design to study 3939 participants in the Chronic Renal Insufficiency Cohort (CRIC) Study and found that incident AF was associated an even higher risk of ESRD (adjusted HR 3.2) [22]. Consistent with their later study, we also showed that incident AF was associated with a nearly three-fold higher risk of ESRD compared with non-AF. Moreover, incident AF even carried a higher risk of ESRD than prevalent AF.



AF has been associated with higher risks of AMI, heart failure, and death in individuals without CKD [27,28,29,30]. In a meta-analysis of 104 cohort studies involving 9.7 million participants, AF was associated with a 1.46- to 4.99-fold higher risk of death, heart failure, and ischemic heart disease [31]. AF also carried a higher risk of death in patients with ESRD who underwent hemodialysis [32,33]. Research on the impact of incident AF on those outcomes in patients with CKD is relatively scarce. In a study of CKD patients in a large healthcare service system, incident AF was associated with a 66% increase in the relative rate of death (adjusted HR 1.66, 95% CI 1.57 to 1.77) [34]. Recently, one population-based retrospective cohort study of 1.4 million adult residents with eGFRs < 90 mL/min/1.73 m2 from Ontario, Canada found that incident AF is associated with a high risk for adverse outcomes, including HF, ESRD, death, and AMI, particularly in the first six months from diagnosis [35]. Later, a prospective cohort study of 3939 adults enrolled into the CRIC study by Bansal et al. reported that incident AF is independently associated with two- to five-fold increased rates of developing subsequent heart failure, myocardial infarction, strokes, or death in adults with CKD [22]. Similar to their findings, we also found that incident AF and prevalent AF were associated with higher risks of mortality and AMI compared with non-AF. Although retrospectively designed, our study had a much larger CKD population than Bansal’s. Furthermore, the results of our study can be applicable to CKD patients in the Asia-Pacific region amid most studies regarding the influence of incident AF on clinical outcomes that have been conducted in Europe or the United States.



There are several possibilities to explain our findings. AF and CKD share many pathogenic mechanisms, making them closely interrelated. The increased fibroblast growth factor-23 level in CKD has been linked with left ventricular hypertrophy and increased left ventricular mass, resulting in left ventricular dysfunction [36]. AF-related tachycardia can cause an inadequate cardiac filling volume and it can also lead to structural and functional cardiac damage in the long run. Vascular calcification in CKD and reduced coronary perfusion by AF can contribute to insufficient blood supply to the coronary arteries. Briefly, AF and CKD amplify a vicious cycle, resulting in higher overall death and CV death. Furthermore, atrial thrombi may migrate to cause coronary and cerebral embolism as a possible mechanism of AMI and ischemic strokes. Therefore, AF undoubtedly confers a significant association with adverse cardiovascular complications. AF-induced alteration in cardiac hemodynamics can promote the progression of CKD to ESRD via reduced renal perfusion [37]. Other possible mechanisms of renal function deterioration by AF include direct impaired renal hemodynamics, increased fibrosis within myocardium and renal tissues, up-regulation of pro-fibrotic proteins, and possible renal microinfarctions [38,39].



The present study also had some limitations. First, the diagnosis of AF was made based on the diagnostic code registered by the attending physician and was not verified by the electrocardiogram, which is not available in the NHIRD. It is possible that paroxysmal or asymptomatic AF may be undiagnosed in the non-AF group amid electrocardiogram and cardiac event recording are not a routine for CKD care. Since AF leads to a higher risk of adverse clinical outcomes, the association of AF with study events will be strengthened more after re-classifying those with paroxysmal AF in the non-AF group as AF group. Moreover, we adjusted for the frequency of medical visits to mitigate detection bias since AF occurrence could be more easily detected in patients with more medical utilization. Second, some important factors known to affect AF and study outcomes were not available in the national registry data and included smoking habits, alcohol consumption, and physical activities. Nevertheless, we adjusted for coronary artery disease, COPD, and liver cirrhosis, which are the surrogate markers of unhealthy lifestyle habits. Third, we also lacked echocardiographic parameters and thyroid function tests. We excluded participants with aortic, mitral valve disorders or hyperthyroidism at study entry because valvular heart disease and thyroid disorder can predispose to AF occurrence and mediate the observed association. Finally, most patients with AF were not treated with oral anticoagulation. However, the society guideline for stroke prophylaxis in AF patients has changed a lot with time. In addition, the use of antiplatelet or anticoagulant relies on the clinical guidelines at the time, the patient’s preference, and the physician’s experience. Thus, our data on medication use represents a real-world setting. Although the use of warfarin in the prevalent AF group was only 12%, the use of anti-platelet drugs was nearly 60%. The total rate of using antiplatelet or anticoagulant drugs achieved more than 70%.




5. Conclusions


In conclusion, both incident and prevalent AF were independently associated with greater risks of AMI, all-cause mortality, CV mortality, ESRD, and stroke or systemic thromboembolism in a large adult population with CKD. Our findings are novel in that, compared with prevalent AF, incident AF possessed an even higher risk of some clinical consequences, including ESRD, death, and AMI. Therefore, cardiac rhythms should be monitored periodically amongst CKD patients as a routine practice in the integrated CKD care program in the hope of early detection of incident AF. However, the underlying mechanisms of why incident AF confers to higher risks of some adverse outcomes than prevalent AF are beyond the scope of this study due to its retrospective nature, and further studies to delineate the pathogenesis are mandatory for the aim of exploiting evidence-based practice and putting into practice targeted at reducing the renal, cardiovascular, and thrombotic events.








Supplementary Materials


The following are available online at https://www.mdpi.com/2077-0383/8/9/1378/s1, Figure S1: Cumulative incidence of ESRD amongst participants with non-AF, prevalent AF and incident AF. Figure S2: Cumulative survival curves amongst participants with non-AF, prevalent AF and incident AF. Figure S3: Cumulative survival curves free of cardiovascular death amongst participants with non-AF, prevalent AF and incident AF. Figure S4: Cumulative survival curves free of stroke of systemic thromboembolism amongst participants with non-AF, prevalent AF and incident AF. Figure S5: Cumulative survival curves free of acute myocardial infarction amongst participants with non-AF, prevalent AF and incident AF. Table S1: ICD-9-CM codes used to identify chronic kidney disease, atrial fibrillation, comorbidities and the cause of death. Table S2: Risks for ESRD, stroke or systemic thromboembolism, acute myocardial infarction and mortality among patients with CKD by AF status after re-classification of incident AF as prevalent AF (non-AF as the reference).





Author Contributions


Conceptualization, H.-H.H.; formal analysis, C.-T.K.; Writing—Review and editing, P.-F.C.; Writing—Original draft, Y.-P.H.




Funding


This study was funded by grants 107-CCH-HCR-033 and 108-CCH-IRP-092 from the Changhua Christian Hospital Research Foundation




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Roger, V.L.; Go, A.S.; Lloyd-Jones, D.M.; Benjamin, E.J.; Berry, J.D.; Borden, W.B.; Fullerton, H.J. Heart disease and stroke statistics—2012 update: A report from the American Heart Association. Circulation 2012, 125, e2–e220. [Google Scholar]

	



Stewart, S.; Hart, C.L.; Hole, D.J.; McMurray, J.J. A population-based study of the long-term risks associated with atrial fibrillation: 20-year follow-up of the Renfrew/Paisley study. Am. J. Med. 2002, 113, 359–364. [Google Scholar] [CrossRef]

	



Stewart, S.; MacIntyre, K.; MacLeod, M.; Bailey, A.; Capewell, S.; McMurray, J. Trends in hospital activity, morbidity and case fatality related to atrial fibrillation in Scotland, 1986–1996. Eur. Hear J. 2001, 22, 693–701. [Google Scholar] [CrossRef]

	



Lee, W.C.; Lamas, G.A.; Balu, S.; Spalding, J.; Wang, Q.; Pashos, C.L. Direct treatment cost of atrial fibrillation in the elderly American population: A Medicare perspective. J. Med. Econ. 2008, 11, 281–298. [Google Scholar] [CrossRef]

	



Bansal, N.; Xie, D.; Tao, K.; Chen, J.; Deo, R.; Horwitz, E.; Hsu, C.-Y.; Kallem, R.K.; Keane, M.G.; Lora, C.M.; et al. Atrial Fibrillation and Risk of ESRD in Adults with CKD. Clin. J. Am. Soc. Nephrol. 2016, 11, 1189–1196. [Google Scholar] [CrossRef]

	



Coresh, J.; Selvin, E.; Stevens, L.A.; Manzi, J.; Kusek, J.W.; Eggers, P.; Van Lente, F.; Levey, A.S. Prevalence of Chronic Kidney Disease in the United States. JAMA 2007, 298, 2038. [Google Scholar] [CrossRef]

	



Di Lullo, L.; House, A.; Gorini, A.; Santoboni, A.; Russo, D.; Ronco, C. Chronic kidney disease and cardiovascular complications. Heart Fail. Rev. 2015, 20, 259–272. [Google Scholar] [CrossRef]

	



Levey, A.S.; Coresh, J.; Balk, E.; Kausz, A.T.; Levin, A.; Steffes, M.W.; Hogg, R.J.; Perrone, R.D.; Lau, J.; Eknoyan, G. National Kidney Foundation Practice Guidelines for Chronic Kidney Disease: Evaluation, Classification, and Stratification. Ann. Intern. Med. 2003, 139, 137–147. [Google Scholar] [CrossRef]

	



Sarnak, M.J.; Levey, A.S.; Schoolwerth, A.C.; Coresh, J.; Culleton, B.; Hamm, L.L.; Parfrey, P. Kidney disease as a risk factor for development of cardiovascular disease: A statement from the American Heart Association Councils on Kidney in Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology, and Epidemiology and Prevention. Circulation 2003, 108, 2154–2169. [Google Scholar] [CrossRef]

	



Chen, Y.-C.; Su, Y.-C.; Lee, C.-C.; Huang, Y.-S.; Hwang, S.-J. Chronic Kidney Disease Itself Is a Causal Risk Factor for Stroke beyond Traditional Cardiovascular Risk Factors: A Nationwide Cohort Study in Taiwan. PLoS ONE 2012, 7, e36332. [Google Scholar] [CrossRef]

	



Alonso, A.; Lopez, F.L.; Matsushita, K.; Loehr, L.R.; Agarwal, S.K.; Chen, L.Y.; Soliman, E.Z.; Astor, B.C.; Coresh, J. Chronic Kidney Disease is Associated with the Incidence of Atrial Fibrillation: The Atherosclerosis Risk in Communities (ARIC) Study. Circulation 2011, 123, 2946–2953. [Google Scholar] [CrossRef]

	



Ananthapanyasut, W.; Napan, S.; Rudolph, E.H.; Harindhanavudhi, T.; Ayash, H.; Guglielmi, K.E.; Lerma, E.V. Prevalence of atrial fibrillation and its predictors in nondialysis patients with chronic kidney disease. Clin. J. Am. Soc. Nephrol. 2010, 5, 173–181. [Google Scholar] [CrossRef] [PubMed]

	



Baber, U.; Howard, V.J.; Halperin, J.L.; Soliman, E.Z.; Zhang, X.; McClellan, W.; Muntner, P. Association of chronic kidney disease with atrial fibrillation among adults in the United States: Reasons for Geographic and Racial Differences in Stroke (REGARDS) study. Circ. Arrhythm. Electrophysiol. 2011, 4, 26–32. [Google Scholar] [CrossRef] [PubMed]

	



Lin, M.-Y.; Chiu, Y.-W.; Chang, J.-S.; Lin, H.-L.; Lee, C.T.-C.; Chiu, G.-F.; Kuo, M.-C.; Wu, M.-T.; Chen, H.-C.; Hwang, S.-J. Association of prescribed Chinese herbal medicine use with risk of end-stage renal disease in patients with chronic kidney disease. Kidney Int. 2015, 88, 1365–1373. [Google Scholar] [CrossRef] [PubMed]

	



Chang, C.-H.; Lee, Y.-C.; Tsai, C.-T.; Chang, S.-N.; Chung, Y.-H.; Lin, M.-S.; Lin, J.-W.; Lai, M.-S. Continuation of statin therapy and a decreased risk of atrial fibrillation/flutter in patients with and without chronic kidney disease. Atherosclerosis 2014, 232, 224–230. [Google Scholar] [CrossRef] [PubMed]

	



Weng, S.-C.; Wu, C.-L.; Kor, C.-T.; Chiu, P.-F.; Wu, M.-J.; Chang, C.-C.; Tarng, D.-C. Migraine and subsequent chronic kidney disease risk: A nationwide population-based cohort study. BMJ Open 2017, 7, e018483. [Google Scholar] [CrossRef]

	



Hsu, T.-W.; Liu, J.-S.; Hung, S.-C.; Kuo, K.-L.; Chang, Y.-K.; Chen, Y.-C.; Hsu, C.-C.; Tarng, D.-C. Renoprotective Effect of Renin-Angiotensin-Aldosterone System Blockade in Patients with Predialysis Advanced Chronic Kidney Disease, Hypertension, and Anemia. JAMA Intern. Med. 2014, 174, 347. [Google Scholar] [CrossRef] [PubMed]

	



January, C.T.; Wann, L.S.; Alpert, J.S.; Calkins, H.; Cigarroa, J.E.; Cleveland, J.C.; Murray, K.T. 2014 AHA/ACC/HRS guideline for the management of patients with atrial fibrillation: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines and the Heart Rhythm Society. J. Am. Coll. Cardiol. 2014, 64, e1–e76. [Google Scholar] [CrossRef]

	



McCaffrey, D.F.; Griffin, B.A.; Almirall, D.; Slaughter, M.E.; Ramchand, R.; Burgette, L.F. A Tutorial on Propensity Score Estimation for Multiple Treatments Using Generalized Boosted Models. Stat. Med. 2013, 32, 3388–3414. [Google Scholar] [CrossRef]

	



Hsu, P.-K.; Kor, C.-T.; Hsieh, Y.-P. Effect of New-Onset Diabetes Mellitus on Renal Outcomes and Mortality in Patients with Chronic Kidney Disease. J. Clin. Med. 2018, 7, 550. [Google Scholar] [CrossRef]

	



Olesen, J.B.; Lip, G.Y.; Kamper, A.-L.; Hommel, K.; Køber, L.; Lane, D.A.; Lindhardsen, J.; Gislason, G.H.; Torp-Pedersen, C. Stroke and Bleeding in Atrial Fibrillation with Chronic Kidney Disease. N. Engl. J. Med. 2012, 367, 625–635. [Google Scholar] [CrossRef] [PubMed]

	



Bansal, N.; Xie, D.; Sha, D.; Appel, L.J.; Deo, R.; Feldman, H.I.; He, J.; Jamerson, K.; Kusek, J.W.; Messe, S.; et al. Cardiovascular Events after New-Onset Atrial Fibrillation in Adults with CKD: Results from the Chronic Renal Insufficiency Cohort (CRIC) Study. J. Am. Soc. Nephrol. 2018, 29, 2859–2869. [Google Scholar] [CrossRef] [PubMed]

	



Hillege, H.L.; Nitsch, D.; Pfeffer, M.A.; Swedberg, K.; McMurray, J.J.; Yusuf, S.; de Zeeuw, D. Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity (CHARM) Investigators: Renal function as a predictor of outcome in a broad spectrum of patients with heart failure. Circulation 2006, 113, 671–678. [Google Scholar] [CrossRef] [PubMed]

	



Hillege, H.L.; van Gilst, W.H.; van Veldhuisen, D.J.; Navis, G.; Grobbee, D.E.; De Graeff, P.A.; De Zeeuw, D. CATS Randomized Trial: Accelerated decline and prognostic impact of renal function after myocardial infarction and the benefits of ACE inhibition: The CATS randomized trial. Eur. Heart J. 2003, 24, 412–420. [Google Scholar] [CrossRef]

	



Watanabe, H.; Watanabe, T.; Sasaki, S.; Nagai, K.; Roden, D.M.; Aizawa, Y. Close bidirectional relationship between chronic kidney disease and atrial fibrillation: The Niigata preventive medicine study. Am. Hear J. 2009, 158, 629–636. [Google Scholar] [CrossRef] [PubMed]

	



Bansal, N.; Fan, D.; Hsu, C.Y.; Ordonez, J.D.; Marcus, G.M.; Go, A.S. Incident atrial fibrillation and risk of end-stage renal disease in adults with chronic kidney disease. Circulation 2013, 127, 569–574. [Google Scholar] [CrossRef] [PubMed]

	



Soliman, E.Z.; Safford, M.M.; Muntner, P.; Khodneva, Y.; Dawood, F.Z.; Zakai, N.A.; Thacker, E.L.; Judd, S.; Howard, V.J.; Howard, G.; et al. Atrial Fibrillation and the Risk of Myocardial Infarction. JAMA Intern. Med. 2014, 174, 107–114. [Google Scholar] [CrossRef] [PubMed]

	



Benjamin, E.J.; Wolf, P.A.; D’Agostino, R.B.; Silbershatz, H.; Kannel, W.B.; Levy, D. Impact of atrial fibrillation on the risk of death: The Framingham Heart Study. Circulation 1998, 98, 946–952. [Google Scholar] [CrossRef] [PubMed]

	



O’Neal, W.T.; Salahuddin, T.; Broughton, S.T.; Soliman, E.Z. Atrial Fibrillation and Cardiovascular Outcomes in the Elderly. Pacing Clin. Electrophysiol. 2016, 39, 907–913. [Google Scholar] [CrossRef] [PubMed]

	



Potpara, T.S.; Polovina, M.M.; Licina, M.M.; Marinkovic, J.M.; Lip, G.Y. Predictors and prognostic implications of incident heart failure following the first diagnosis of atrial fibrillationin patients with structurally normal hearts: The Belgrade Atrial Fibrillation Study. Eur. J. Heart Fail. 2013, 15, 415–424. [Google Scholar] [CrossRef] [PubMed]

	



Odutayo, A.; Wong, C.X.; Hsiao, A.J.; Hopewell, S.; Altman, D.G.; Emdin, C.A. Atrial fibrillation and risks of cardiovascular disease, renal disease, and death: Systematic review and meta-analysis. BMJ 2016, 354, 4482. [Google Scholar] [CrossRef] [PubMed]

	



Genovesi, S.; Vincenti, A.; Rossi, E.; Pogliani, D.; Acquistapace, I.; Stella, A.; Valsecchi, M.G. Atrial Fibrillation and Morbidity and Mortality in a Cohort of Long-term Hemodialysis Patients. Am. J. Kidney Dis. 2008, 51, 255–262. [Google Scholar] [CrossRef] [PubMed]

	



Shih, C.J.; Ou, S.M.; Chao, P.W.; Kuo, S.C.; Lee, Y.J.; Yang, C.Y.; Chen, Y.T. Risks of death and stroke in patients undergoing hemodialysis with new-onset atrial fibrillation: A competing-risk analysis of a nationwide cohort. Circulation 2016, 133, 265–272. [Google Scholar] [CrossRef] [PubMed]

	



Bansal, N.; Fan, D.; Hsu, C.; Ordonez, J.D.; Go, A.S. Incident Atrial Fibrillation and Risk of Death in Adults With Chronic Kidney Disease. J. Am. Hear. Assoc. 2014, 3, e001303. [Google Scholar] [CrossRef] [PubMed]

	



Massicotte-Azarniouch, D.; Kuwornu, J.P.; Lam, N.N.; Molnar, A.O.; McCallum, M.K.; Garg, A.X.; Carrero, J.-J.; Zimmerman, D.; Sood, M.M. Incident Atrial Fibrillation and the Risk of Congestive Heart Failure, Myocardial Infarction, End-Stage Kidney Disease, and Mortality Among Patients With a Decreased Estimated GFR. Am. J. Kidney Dis. 2018, 71, 191–199. [Google Scholar] [CrossRef] [PubMed]

	



Faul, C.; Amaral, A.P.; Oskouei, B.; Hu, M.-C.; Sloan, A.; Isakova, T.; Gutierrez, O.M.; Aguillon-Prada, R.; Lincoln, J.; Hare, J.M.; et al. FGF23 induces left ventricular hypertrophy. J. Clin. Investig. 2011, 121, 4393–4408. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.-C.; Su, H.-M.; Hung, C.-C.; Chang, J.-M.; Liu, W.-C.; Tsai, J.-C.; Lin, M.-Y.; Hwang, S.-J.; Chen, H.-C. Echocardiographic Parameters are Independently Associated with Rate of Renal Function Decline and Progression to Dialysis in Patients with Chronic Kidney Disease. Clin. J. Am. Soc. Nephrol. 2011, 6, 2750–2758. [Google Scholar] [CrossRef] [PubMed]

	



Burstein, B.; Calderone, A.; Qi, X.-Y.; Yeh, Y.-H.; Nattel, S. Atrial cardiomyocyte tachycardia alters cardiac fibroblast function: A novel consideration in atrial remodeling. Cardiovasc. Res. 2007, 76, 442–452. [Google Scholar] [CrossRef] [PubMed]

	



Bukowska, A.; Lendeckel, U.; Krohn, A.; Keilhoff, G.; Have, S.T.; Neumann, K.H.; Goette, A. Atrial fibrillation down-regulates renal neutral endopeptidase expression and induces profibrotic pathways in the kidney. Europace 2008, 10, 1212–1217. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 08 01378 g001 550] 





Figure 1. Flowchart of patient selection processes for incident chronic kidney disease (CKD) with non-atrial fibrillation (AF), prevalent AF, and incident AF. 
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Figure 2. Cumulative incidence rates of study outcomes amongst participants with non-AF, prevalent AF, and incident AF. 
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Table 1. Baseline characteristics of study population between the AF groups.
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CKD Cohort

	
Maximum Standardization Difference between Groups




	
Non-AF

	
Prevalent AF

	
Incident AF

	
p-Value

	
Before IPW a (%)

	
After IPW a (%)






	
Sample size

	
15,251

	
612

	
588

	
--

	
--

	
--




	
Age, years

	
65 ± 14

	
76 ± 10

	
72 ± 10

	
<0.001

	
0.746

	
0.161




	
Gender, Male

	
9076 (59.51%)

	
397 (64.87%)

	
337 (57.31%)

	
0.015

	
0.111

	
0.098




	
Monthly income, NTD

	
14,144.97 ± 13,893.61

	
10,331.85 ± 11,240.98

	
10,067.77 ± 10,329.03

	
<0.001

	
0.340

	
0.119




	
Geographical location

	

	

	

	

	

	




	
Northern

	
6509 (42.68%)

	
264 (43.14%)

	
246 (41.84%)

	
0.894

	
0.028

	
0.093




	
Central

	
2799 (18.35%)

	
112 (18.3%)

	
121 (20.58%)

	
0.392

	
0.073

	
0.088




	
Southern

	
5521 (36.2%)

	
207 (33.82%)

	
197 (33.5%)

	
0.211

	
0.073

	
0.035




	
Eastern

	
422 (2.77%)

	
29 (4.74%)

	
24 (4.08%)

	
0.004

	
0.094

	
0.042




	
Comorbidities

	

	

	

	

	

	




	
Coronary artery disease

	
2881 (18.89%)

	
254 (41.5%)

	
197 (33.5%)

	
<0.001

	
0.559

	
0.127




	
Chronic obstructive pulmonary disease

	
1451 (9.51%)

	
137 (22.39%)

	
99 (16.84%)

	
<0.001

	
0.424

	
0.081




	
Cancer

	
1119 (7.34%)

	
50 (8.17%)

	
32 (5.44%)

	
0.156

	
0.116

	
0.021




	
Liver Cirrhosis

	
361 (2.37%)

	
16 (2.61%)

	
5 (0.85%)

	
