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Abstract

:

Introduction: End-stage kidney disease (ESKD) patients who need renal replacement therapy need to face a dialysis modality decision: the choice between hemodialysis (HD) and peritoneal dialysis (PD). Although the global differences in HD/PD penetration are affected by health-care policies, these two modalities may exert different effects on survival in patients with ESKD. Although Taiwan did not implicate PD as first policy, we still need to compare patients’ outcomes using two modalities in a nation-wise database to determine future patients’ care and health policies. Methods: We used the nationwide Taiwan Renal Registry Data System (TWRDS) database from 2005 to 2012 and included 52,900 patients (48,371 on HD and 4529 on PD) to determine all-cause and cardiovascular mortality among ESKD patients. Results: Age-matched survival probability from all-cause mortality was significantly lower in patients on PD than in those on HD (p < 0.05). The adjusted hazard ratios of 3-year and 5-year all-cause and cardiovascular mortality were significantly higher in PD compared with HD. The presence of comorbid conditions including myocardial infarction, coronary artery disease (CAD), diabetes mellitus (DM), hypoalbuminemia, hyperferritinemia and hypophosphatemia was related with significantly higher all-cause and CV mortality in PD patients. No significant difference was noted among younger patients <45 years of age regardless of DM and/or comorbid conditions. Conclusion: Although PD did not have the survival advantage compared to HD in all dialysis populations, PD was related with superior survival in younger non-DM patients, regardless of the presence of comorbidities. Similarly, for younger ESKD patients without the risk of CV disease, both PD and HD would be suitable dialysis modalities.
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1. Introduction


Taiwan is among the three countries with the highest rates of increase in the number of patients with end-stage kidney disease (ESKD) dependent on long-term dialysis according to the USRDS 2021 report. Not only medical factors and lifestyle concerns but also the dialysis modality itself can affect patient survival [1]. In addition, some countries prefer the “peritoneal dialysis (PD) first” approach, which makes the biggest difference to dialysis penetration globally; the other issues include the percentage of diabetes mellitus (DM), health expenditure as percentage of gross domestic product, and the availability of hemodialysis (HD) facilities [2]. Therefore, whether HD or PD is better remains unclear.



Many studies have compared the survival benefit between PD and HD. HD is associated with an earlier decline of residual renal function [3] and dialysis-induced myocardial and cerebral ischemia [4], whereas PD is associated with the metabolic consequences of excessive absorption of glucose and its degradation products [5], inadequate volume control, and hypokalemia risk [6]. PD can also be technically difficult in patients with impaired physical and cognitive functions [7]. It is associated with a lower risk of mortality than HD in the first few months of dialysis, which seems to diminish with time [8,9,10]. Retrospective studies have revealed that certain survival benefits are influenced by unmeasured confounding factors, such as central venous catheter infection, psychosocial support, nutrition status, or even health-related quality of life [11,12]. Furthermore, it is challenging for physicians to determine the timing of conversion between PD and HD, which mostly depends on dialysis-specific risk factors [13].



Accurate comparisons of survival benefits and appropriate timing of conversion between HD and PD are lacking. Most survival benefits have been demonstrated in observational studies, which tend to have high heterogeneity [14,15]. These studies have provided no strong evidence comparing HD and PD in the latest guidelines [14]. Therefore, we evaluated and compared the adjusted survival benefit of HD and PD by using a nationwide cohort and multivariate Cox regression models.




2. Methods


The Taipei Medical University Institutional Review Board approved this study (No. N202201106) and waived the requirement for obtaining informed consent, and all applicable regulations were met. This study was conducted in accordance with the Declaration of Helsinki 1975, as revised in 2013.



2.1. Taiwan Renal Registry Data System


The Taiwan Renal Registry Data System (TWRDS) was established in 1987, and all dialysis units in Taiwan provide their patients’ clinical information and all laboratory reports to TWRDS on a quarterly basis. From 1997 onwards, complete information on patients’ comorbidities, such as the history of myocardial infarction (MI), coronary artery disease (CAD), patients’ rehabilitation status, etc. as well as dialysis adequacy indices, biochemical and hematological parameters, hepatitis serological results, information on medication prescriptions, anemia and mineral bone indices were recruited. Based on TWRDS data, the Taiwan Society of Nephrology develops annual guidelines to improve individual patients’ health outcomes and to issue reimbursement from the government. This government reimbursement provides only a very small portion of incentives (5%) for dialysis centers and is separated from medical reimbursement provided by Taiwan’s National Health Insurance (NHI) for overall health expenditures. Hence, the TWRDS data represent continual dialysis quality control at the national level.




2.2. Patient Enrollment


The data of 115,565 patients from 2005 to 2012 were extracted from the TWRDS. After excluding patients with missing data for Fe2+, TIBC, ferritin, ESA use, and iron supplements; age <20 or >90 years; a history of renal transplantation; and cancer, 52,900 patients (48,371 on HD and 4529 on PD) were included (Figure 1).




2.3. Statistical Analysis


Continuous variables are expressed as means (standard deviations (SDs)), medians (ranges), or frequencies (percentages), and categorical variables are expressed as proportions. One-way ANOVA was used to compare continuous variables because a normal distribution was assumed in this big data analysis, and the chi-square test was used to compare nominal variables. We used the log-rank test for Kaplan–Meier analysis. A two-tailed p < 0.05 was set as the level of significance. We performed Cox regression analysis to estimate the hazard ratios (HR) of 3-year or 5-year all-cause or cardiovascular (CV) mortality. The case-mix adjusted model included the following confounding factors: age, sex, DM, hypertension, myocardial infarction (MI), coronary artery disease (CAD), and biochemistries including albumin, hemoglobin, calcium, phosphate, iron saturation, ferritin, and alkaline phosphatase. Crude and adjusted risks of mortality were estimated in subgroup analysis according to age, DM, and comorbidities. All statistical analyses were performed using SPSS version 17.0 (SPSS, Chicago, IL, USA) and SAS version 9.1 (SAS Institute, Cary, NC, USA).





3. Results


3.1. Baseline Characteristics


Table 1 presents the baseline characteristics of patients on PD and HD, including age, blood count, and electrolyte and hormone levels. Multiple logistic regression analysis revealed that patients on PD were significantly younger, less anemic, and less hyperglycemic than those on HD. Furthermore, patients on HD were more likely to have higher albumin levels and reduced P and iPTH levels than patients on PD. WBC counts and alkaline-P, triglyceride, uric acid, and Ca levels were not significantly different between the groups.




3.2. Kaplan–Meier Curves


Figure 2A presents the survival curves of all-cause mortality and CV mortality, and Figure 2B plots the two curves after age matching. Both figures cover the same 8-year period of 2005–2012. The survival probability of all-cause mortality between PD and HD was similar up to 70 months, and the survival probability was non-significantly higher in patients on PD than in those on HD after 70 months (Figure 2A).



CV mortality was also not significantly different between the groups. After age matching, the survival probability from all-cause mortality was significantly lower in patients on PD than in those on HD (p < 0.05). However, CV mortality showed no significant difference even after age matching (Figure 3B).




3.3. Hazard Ratio of Mortality between HD and PD in the Multivariate Cox Regression Model


We further analyzed the factors that influence mortality after correcting the hazard ratio in three multivariate Cox regression models. In model 1, we considered basic profiles such as age, male, and PD versus HD. Model 2 included comorbidities such as hypertension, MI, CAD, and DM. Finally, model 3 included laboratory data such as transferrin saturation and ferritin levels.



Table 2A presents the hazard ratios of 3-year all-cause mortality in the overall cohort. PD versus HD, age, and male sex were all significantly different in all three models. Hb < 10 g/dL versus Hb 10–12 g/dL, hypertension, MI, CAD, and DM in model 2 and hypertension, DM, albumin < 3.5 mg/dL, albumin > 4.0 mg/dL, and ferritin < 100 mg/dL in model 3 were also significantly different.



Table 3 present the hazard ratios of 5-year all-cause and CV mortality, respectively, in the overall cohort. Compared with the results in Table 2, they were different in model 2. Table 3 only shows PD versus HD; age, male sex, CAD, and DM showed significant differences in model 2. Compared with the results in Table 2, they were different in model 3. As presented in Table 3, albumin >4.0 mg/dL exhibited a significant difference in model 3.




3.4. DM and Comorbidities: Subgroup Analysis


As shown in Table 4, patients on HD and PD were subdivided into four groups: with or without comorbidities and with or without DM. Regardless of the presence of comorbidities, including DM, the death rate in the HD and PD groups increased with patient age. The crude relative risk (RR) was higher in patients on PD than in patients on HD in all of the following subgroups: age ≥65 years without DM/comorbidities (crude RR, 1.42; 95% confidence interval (CI), 1.06–1.90), age of 45–64 years with DM but without comorbidities (crude RR, 1.57; 95% CI, 1.15–2.15), age of ≥65 years with DM but without comorbidities (crude RR, 1.47; 95% CI, 1.02–1.95), age of 45–64 years without DM but with comorbidities (crude RR, 1.75; 95% CI, 1.03–2.99), and age ≥65 with both DM and comorbidities (crude RR, 2.26; 95% CI, 1.43–3.52). However, the adjusted RR was significantly higher in patients on PD than in patients on HD in only two of those subgroups: age of 45–64 years with DM but without comorbidities (adjusted RR, 1.44; 95% CI, 1.05–1.97) and age ≥65 years with both DM and comorbidities (adjusted RR, 1.96; 95% CI, 1.24–3.11).





4. Discussion


In a previous study, DM, age, and baseline comorbidities were the key factors that influenced the RR of death between PD and HD [16]. In Taiwan, HD is preferred to PD among patients with ESKD, which is similar to the trend in other countries [16,17,18]. However, we hypothesized that survival outcomes may not be identical between the two groups, and advancements such as more biocompatible solutions might make PD a more favorable choice [14]. In this study, we conducted a detailed comparison between PD and HD outcomes. To the best of our knowledge, it has been a long time since the last large-scale native study has been conducted in Taiwan. We therefore used TWRDS in our study design for comparing PD and HD. Our study comprehensively identified the factors that influence the RR of death between HD and PD, including the cause of ESKD (DM vs. non-DM), age (18–44, 45–64, and ≥65 years), baseline comorbidity (none vs. one or more comorbidities), and laboratory data. We also performed in-depth analyses of CV and all-cause mortality over 3-year and 5-year time horizons, which might solve the potential limitations of previous studies.



Although the survival probability in patients on PD was non-significantly higher than that in patients on HD after 70 months; age-matched analysis revealed that the survival probability in patients on PD was significantly lower than that in patients on HD. Comparing all-cause mortality in Table 2A and Table 3A, significant HRs were obtained for hypertension, MI, CAD, and DM among all models in the 5-year analysis, but significant HRs were only found for hypertension and DM among all models in the 3-year analysis. Next, we compared CV mortality, and only DM contributed to the significant differences. Our study indicated that PD, age, and male sex were always risk factors for mortality. PD increased the risk of all-cause mortality, which indicated that patients with more comorbidities such as hypertension, MI, CAD, and DM might have higher risks of using PD, and the risk was higher if the patients had longer duration of PD use. However, without the risk of CV disease, both PD and HD will be suitable modalities.



Our results are consistent with those of previous studies. Weinhandl et al. [19] reported that PD was associated with better survival than HD among patients without CV disease, whereas HD was associated with improved survival among patients with CV disease and diabetes. Liem et al. [20] concluded that the survival advantage for PD compared with HD decreased over time, with age, and in the presence of diabetes as a primary disease. Kim et al. [21] also concluded that in older patients (aged ≥55 years), PD was consistently associated with a higher mortality rate with the consideration of comorbidities. McDonald et al. [21,22] revealed that among younger patients (aged <60 years) without comorbidities, the PD group exhibited better survival over 90–365 days, and that this initial survival advantage persisted for 4 years. Collins et al. [23] concluded that within the first 2 years of therapy, short-term CAPD/CCPD was associated with better outcomes than HD. Although several studies have been analyzed different survival periods [24,25], their conclusions are similar: patients under PD who are younger or had no or few comorbidities may have better outcomes over the short term.



In our subgroup analyses of the influence of DM and comorbidities on dialysis modality, patients aged 20–44 years with DM but without comorbidities and those aged 20–44 with both DM and comorbidities had adjusted RRs (PD vs. HD) of 0.95 (95% CI, 0.37–2.47) and 0.53 (95% CI, 0.07–4.03), respectively (Table 4). However, older patients in the other groups exhibited higher RRs. Our results correspond to those of Vonesh et al. [11]. They concluded that PD was associated with an increased mortality risk in patients with DM aged ≥45 years. However, HD was associated with an increased mortality risk in the population comprising non-DM patients and younger patients with DM but without comorbidities. Our data did not indicate a significant difference between PD and HD, which was likely due to the low amounts of patients’ data included in these two subgroups, with patient percentages of only 1% and 2% for each dialysis type. Further large-scale analyses should focus on younger patients with DM undergoing PD or HD. Other studies have also supported our findings. In a Korean study, Kim et al. [21] reported that regardless of covariates, the survival rate was comparable between younger patients on PD and HD. van de Luijtgaarden et al. [26] also reported that overall, patients starting on PD, especially those without comorbidities, had survival benefits. Collins et al. [23] reported a lower mortality risk in younger patients (<55 years old) on CAPD/CCPD without diabetes (men: RR, 0.61; 95% CI, 0.59–0.66 and women: RR, 0.72; 95% CI, 0.67–0.77) or with diabetes (men: RR, 0.88; 95% CI 0.82–0.94 and women: RR, 0.86; 95% CI 0.81–0.92).



This study has some limitations. It was a retrospective observational study, and its generalizability is still required. The most important factor, actual clearance levels is not justifiable in such retrospective comparison between two modalities. Further, no adjustments were made during selection of the type of dialysis, such as duration of CKD, timing of nephrologists’ care, and patients’ family support for their daily HD or PD. Individualized data important for patient and family care, including various socioeconomic factors, were unavailable and thus could not be adjusted in this study. We believe that future prospective randomized studies that include younger patients can address these limitations.



In conclusion, we proved that PD did not revealed a survival benefit as compared with HD, especially in the elder population. Both PD and HD might be suitable for younger patients <45 years old with or without DM and regardless of comorbid conditions and underlying CV risk factors. Thus, individual evaluation and explanation is important for dialysis modality choice in each and every ESKD patient.







Author Contributions


Conceptualization: C.-M.Z., M.-H.T., C.-T.L. and Y.-C.L. Methodology: C.-C.C., C.-C.K. and Y.-C.L. Analyzed the data: L.-Y.C., H.-Y.C., C.-C.H. and Y.-C.L. Formal analysis: C.-C.S., Y.-H.H. and M.-S.W. Original draft preparation: P.-C.S. and Y.-C.L. All authors reviewed the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research and the APC was funded by Taipei Medical University grant number (TMU-NTUST-111-08).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of Taipei Medical University (No. N202201106).




Informed Consent Statement


Patient consent was waived because we used the de-identification data without personal information.




Data Availability Statement


No new data were created or analyzed in this study. Data sharing is not applicable to this article.




Acknowledgments


We thank Yu-Lin Tseng for the help of statistical analysis.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Selby, N.M.; Kazmi, I. Peritoneal dialysis has optimal intradialytic hemodynamics and preserves residual renal function: Why isn’t it better than hemodialysis? Semin. Dial. 2019, 32, 3–8. [Google Scholar] [CrossRef] [PubMed]

	



Van De Luijtgaarden, M.W.; Jager, K.J.; Stel, V.S.; Kramer, A.; Cusumano, A.; Elliott, R.F.; Geue, C.; MacLeod, A.M.; Stengel, B.; Covic, A.; et al. Global differences in dialysis modality mix: The role of patient characteristics, macroeconomics and renal service indicators. Nephrol. Dial. Transplant. 2013, 28, 1264–1275. [Google Scholar] [CrossRef]

	



Jansen, M.A.; Hart, A.A.; Korevaar, J.C.; Dekker, F.W.; Boeschoten, E.W.; Krediet, R.T. Predictors of the rate of decline of residual renal function in incident dialysis patients. Kidney Int. 2002, 62, 1046–1053. [Google Scholar] [CrossRef] [PubMed]

	



Polinder-Bos, H.A.; García, D.V.; Kuipers, J.; Elting, J.W.J.; Aries, M.J.; Krijnen, W.P.; Groen, H.; Willemsen, A.T.; Van Laar, P.J.; Strijkert, F.; et al. Hemodialysis Induces an Acute Decline in Cerebral Blood Flow in Elderly Patients. J. Am. Soc. Nephrol. 2018, 29, 1317–1325. [Google Scholar] [CrossRef] [PubMed]

	



Nakayama, M.; Kawaguchi, Y.; Yamada, K.; Hasegawa, T.; Takazoe, K.; Katoh, N.; Hayakawa, H.; Osaka, N.; Yamamoto, H.; Ogawa, A.; et al. Immunohistochemical detection of advanced glycosylation end-products in the peritoneum and its possible pathophysiological role in CAPD. Kidney Int. 1997, 51, 182–186. [Google Scholar] [CrossRef] [PubMed]

	



Torlén, K.; Kalantar-Zadeh, K.; Molnar, M.Z.; Vashistha, T.; Mehrotra, R. Serum potassium and cause-specific mortality in a large peritoneal dialysis cohort. Clin. J. Am. Soc. Nephrol. 2012, 7, 1272–1284. [Google Scholar] [CrossRef]

	



Brown, E.A.; Finkelstein, F.O.; Iyasere, O.U.; Kliger, A.S. Peritoneal or hemodialysis for the frail elderly patient, the choice of 2 evils? Kidney Int. 2017, 91, 294–303. [Google Scholar] [CrossRef] [PubMed]

	



Lukowsky, L.R.; Mehrotra, R.; Kheifets, L.; Arah, O.A.; Nissenson, A.R.; Kalantar-Zadeh, K. Comparing mortality of peritoneal and hemodialysis patients in the first 2 years of dialysis therapy: A marginal structural model analysis. Clin. J. Am. Soc. Nephrol. 2013, 8, 619–628. [Google Scholar] [CrossRef] [PubMed]

	



Klinger, M.; Madziarska, K. Mortality predictor pattern in hemodialysis and peritoneal dialysis in diabetic patients. Adv. Clin. Exp. Med. 2019, 28, 133–135. [Google Scholar] [CrossRef] [PubMed]

	



Jaar, B.G. The Achilles heel of mortality risk by dialysis modality is selection bias. J. Am. Soc. Nephrol. 2011, 22, 1398–1400. [Google Scholar] [CrossRef]

	



Marshall, M.R. The benefit of early survival on PD versus HD-Why this is (still) very important. Perit. Dial. Int. 2020, 40, 405–418. [Google Scholar] [CrossRef] [PubMed]

	



Zazzeroni, L.; Pasquinelli, G.; Nanni, E.; Cremonini, V.; Rubbi, I. Comparison of Quality of Life in Patients Undergoing Hemodialysis and Peritoneal Dialysis: A Systematic Review and Meta-Analysis. Kidney Blood Press Res. 2017, 42, 717–727. [Google Scholar] [CrossRef] [PubMed]

	



Gallieni, M.; Giordano, A.; Ricchiuto, A.; Gobatti, D.; Cariati, M. Dialysis access: Issues related to conversion from peritoneal dialysis to hemodialysis and vice versa. J. Vasc. Access. 2017, 18 (Suppl. 1), 41–46. [Google Scholar] [CrossRef] [PubMed]

	



Arslan, Z.; Khurram, M.A.; Sinha, M.D. Renal replacement therapy and conservative management: NICE guideline (NG 107) October 2018. Arch. Dis. Child Educ. Pract. Ed. 2020, 105, 352–354. [Google Scholar] [CrossRef] [PubMed]

	



Xue, J.; Li, H.; Zhou, Q.; Wen, S.; Zhou, Q.; Chen, W. Comparison of peritoneal dialysis with hemodialysis on survival of diabetic patients with end-stage kidney disease: A meta-analysis of cohort studies. Ren. Fail. 2019, 41, 521–531. [Google Scholar] [CrossRef]

	



Gregoor, P.J. The differential impact of risk factors on mortality in hemodialysis and peritoneal dialysis. Kidney Int. 2005, 67, 2506. [Google Scholar] [CrossRef] [PubMed]

	



Quinn, R.R.; Hux, J.E.; Oliver, M.J.; Austin, P.C.; Tonelli, M.; Laupacis, A. Selection bias explains apparent differential mortality between dialysis modalities. J. Am. Soc. Nephrol. 2011, 22, 1534–1542. [Google Scholar] [CrossRef] [PubMed]

	



Diaz-Buxo, J.A.; Lowrie, E.G.; Lew, N.L.; Zhang, H.; Lazarus, J. Quality-of-life evaluation using Short Form 36: Comparison in hemodialysis and peritoneal dialysis patients. Am. J. Kidney Dis. 2000, 35, 293–300. [Google Scholar] [CrossRef]

	



Weinhandl, E.D.; Foley, R.N.; Gilbertson, D.T.; Arneson, T.J.; Snyder, J.J.; Collins, A.J. Propensity-matched mortality comparison of incident hemodialysis and peritoneal dialysis patients. J. Am. Soc. Nephrol. 2010, 21, 499–506. [Google Scholar] [CrossRef] [PubMed]

	



Liem, Y.; Wong, J.; Hunink, M.M.; de Charro, F.; Winkelmayer, W. Comparison of hemodialysis and peritoneal dialysis survival in The Netherlands. Kidney Int. 2007, 71, 153–158. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.; Kim, K.H.; Park, K.; Kang, S.W.; Yoo, T.H.; Ahn, S.V.; Ahn, H.S.; Hann, H.J.; Lee, S.; Ryu, J.H.; et al. A population-based approach indicates an overall higher patient mortality with peritoneal dialysis compared to hemodialysis in Korea. Kidney Int. 2014, 86, 991–1000. [Google Scholar] [CrossRef] [PubMed]

	



McDonald, S.P.; Marshall, M.R.; Johnson, D.W.; Polkinghorne, K.R. Relationship between dialysis modality and mortality. J. Am. Soc. Nephrol. 2009, 20, 155–163. [Google Scholar] [CrossRef]

	



Collins, A.J.; Hao, W.; Xia, H.; Ebben, J.P.; Everson, S.E.; Constantini, E.G.; Ma, J.Z. Mortality risks of peritoneal dialysis and hemodialysis. Am. J. Kidney Dis. 1999, 34, 1065–1074. [Google Scholar] [CrossRef]

	



Wong, B.; Ravani, P.; Oliver, M.J.; Holroyd-Leduc, J.; Venturato, L.; Garg, A.X.; Quinn, R.R. Comparison of Patient Survival between Hemodialysis and Peritoneal Dialysis among Patients Eligible for Both Modalities. Am. J. Kidney Dis. 2018, 71, 344–351. [Google Scholar] [CrossRef]

	



Kumar, V.A.; Sidell, M.A.; Jones, J.P.; Vonesh, E.F. Survival of propensity matched incident peritoneal and hemodialysis patients in a United States health care system. Kidney Int. 2014, 86, 1016–1022. [Google Scholar] [CrossRef] [PubMed]

	



van de Luijtgaarden, M.W.; Noordzij, M.; Stel, V.S.; Ravani, P.; Jarraya, F.; Collart, F.; Schön, S.; Leivestad, T.; Puttinger, H.; Wanner, C.; et al. Effects of comorbid and demographic factors on dialysis modality choice and related patient survival in Europe. Nephrol. Dial. Transplant. 2011, 26, 2940–2947. [Google Scholar] [CrossRef]








[image: Jpm 12 01715 g001 550] 





Figure 1. Flow chart of the whole population (N = 52,900). 






Figure 1. Flow chart of the whole population (N = 52,900).



[image: Jpm 12 01715 g001]







[image: Jpm 12 01715 g002 550] 





Figure 2. Survival curves between all-death survival (A) and CV-death survival (B). 
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Figure 3. Age-matched survival curves between all-death survival (A) and CV-death survival (B). 
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Table 1. Characteristics of the population (N = 52,900).
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PD (N = 4529)

	
HD (N = 48,371)




	
Variables

	
Means ± SD

	
Means ± SD

	
p-Value






	
Age (yr)

	
53.74 ± 14.68

	
62.02 ± 13.54

	
<0.001




	
W.B.C. (×1000/μL)

	
7.07 ± 2.77

	
7.11 ± 3.53

	
0.066




	
R.B.C. (×106/μL)

	
3.40 ± 0.58

	
3.42 ± 3.69

	
<0.001




	
Hbc (g/dL)

	
10.08 ± 1.46

	
9.80 ± 1.40

	
<0.001




	
MCV (fL)

	
89.25 ± 6.96

	
91.40 ± 7.22

	
<0.001




	
Platelet (×1000/μL)

	
220.37± 79.85

	
202.08 ± 78.56

	
<0.001




	
Albumin (gm/dL)

	
3.65 ± 0.50

	
3.72 ± 0.47

	
<0.001




	
A.S.T.[GOT] (IU/L)

	
23.58 ± 16.64

	
22.51 ± 15.92

	
<0.001




	
Alkaline-P (IU/L)

	
121.44 ± 107.90

	
121.93 ± 102.59

	
0.626




	
Total Bilirubin (mg/dL)

	
0.39 ± 0.52

	
0.45 ± 0.65

	
<0.001




	
Cholesterol (mg/dL)

	
194.63 ± 49.19

	
172.09 ± 0.65

	
<0.001




	
Triglyceride(mg/dL)

	
153.08 ± 112.25

	
154.40 ± 114.58

	
0.572




	
Glucose[AC] (mg/dL)

	
127.34 ± 69.24

	
152.24 ± 83.17

	
<0.001




	
BUN (mg/dL)

	
68.79 ± 23.57

	
72.19 ± 22.26

	
<0.001




	
Creatinine (mg/dL)

	
9.51 ± 3.02

	
9.01 ± 2.71

	
<0.001




	
Uric acid (mg/dL)

	
7.20 ± 1.53

	
7.22 ± 1.51

	
0.117




	
Na (meq/L)

	
137.53 ± 4.20

	
137.22 ± 3.89

	
<0.001




	
K (meq/L)

	
4.01 ± 0.73

	
4.55 ± 0.84

	
<0.001




	
Ca (mg/dL)

	
9.15 ± 0.92

	
9.15 ± 0.92

	
0.0307




	
P (mg/dL)

	
5.00 ± 1.47

	
4.84 ± 1.61

	
<0.001




	
CCr (mL/min)

	
5.92 ± 2.21

	
6.67 ± 2.48

	
<0.001




	
Ferritin (ng/mL)

	
316.60 ± 240.21

	
365.65 ± 246.22

	
<0.001




	
Tranferrin saturation (%)

	
27.90 ± 14.29

	
26.93 ± 13.21

	
<0.001




	
intact-PTH (pg/mL)

	
307.27 ± 230.19

	
230.36 ± 204.18

	
<0.001
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Table 2. (A) Hazard ratio (HR) of 3-year all-cause mortality in the whole population. (B) Hazard ratio (HR) of 3-year cardiovascular mortality in the whole population (N = 52,900).






Table 2. (A) Hazard ratio (HR) of 3-year all-cause mortality in the whole population. (B) Hazard ratio (HR) of 3-year cardiovascular mortality in the whole population (N = 52,900).





	
(A)

	
Model 1

	
Model 2

	
Model 3




	

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value






	
PD vs. HD

	
1.58

	
1.34–1.88

	
<.0001

	
1.46

	
1.23–1.74

	
<0.001

	
1.49

	
1.25–1.77

	
<0.001




	
Age

	
1.06

	
1.06–1.07

	
<.0001

	
1.06

	
1.05–1.06

	
<0.001

	
1.06

	
1.05–1.06

	
<0.001




	
Gender (male)

	
1.18

	
1.06–1.27

	
<0.001

	
1.15

	
1.05–1.26

	
<0.001

	
1.18

	
1.07–1.29

	
<0.001




	
Hb < 10 g/dL

	

	

	

	
1.21

	
1.10–1.33

	
<0.001

	
0.98

	
0.89–1.08

	
0.66




	
Hb between 10–12 g/dL

	

	

	

	
1

	

	

	
1

	

	




	
Hypertension

	

	

	

	
0.83

	
0.74–0.93

	
<0.01

	
0.85

	
0.75–0.95

	
<0.01




	
Myocardial infarction

	

	

	

	
1.64

	
1.21–2.22

	
<0.01

	
1.40

	
0.69–2.83

	
0.35




	
Coronary artery disease

	

	

	

	
1.74

	
1.37–2.21

	
<0.001

	
1.49

	
0.85–2.61

	
0.17




	
Diabetes mellitus

	

	

	

	
1.83

	
1.67–2.01

	
<0.001

	
1.79

	
1.46–2.19

	
<0.001




	
Albumin

	

	

	

	

	

	

	

	

	




	
Alb < 3.5 mg/dL

	

	

	

	

	

	

	
1.64

	
1.48–1.82

	
<0.001




	
Alb = 3.5–4.0 mg/dL

	

	

	

	

	

	

	
1

	

	




	
Alb > 4.0 mg/dL

	

	

	

	

	

	

	
0.63

	
0.54–0.72

	
<0.001




	
Fe Saturation (%)

	

	

	

	

	

	

	
0.99

	
0.98–1.00

	
0.22




	
Ferritin level

	

	

	

	

	

	

	

	

	




	
<100 mg/dL

	

	

	

	

	

	

	
0.81

	
0.70–0.94

	
<0.001




	
100–499 mg/dL

	

	

	

	

	

	

	
1

	
-

	
-




	
400–800 mg/dL

	

	

	

	

	

	

	
1.06

	
0.94–1.19

	
0.36




	
>800 mg/dL

	

	

	

	

	

	

	
1.22

	
1.02–1.45

	
0.03




	
(B)

	
Model 1

	
Model 2

	
Model 3




	

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value




	
PD vs. HD

	
1.51

	
1.12–2.04

	
<0.01

	
1.46

	
1.08–1.98

	
0.01

	
1.61

	
1.15–2.24

	
<0.01




	
Age

	
1.06

	
1.05–1.07

	
<0.001

	
1.06

	
1.05–1.07

	
<0.001

	
1.06

	
1.05–1.07

	
<0.001




	
Gender (male)

	
1.18

	
1.01–1.38

	
0.04

	
1.18

	
1.00–1.38

	
0.04

	
1.18

	
0.97–1.45

	
0.10




	
Hb < 10 g/dL

	

	

	

	
1.04

	
0.96–1.12

	
0.36

	
1.05

	
0.80–1.35

	
0.66




	
Hb 10–12 g/dL

	

	

	

	
1

	

	

	
1

	

	




	
Hypertension

	

	

	

	
0.94

	
0.77–1.14

	
0.50

	
0.88

	
0.69–1.23

	
0.29




	
Myocardial infarction

	

	

	

	
1.24

	
0.70–2.20

	
0.13

	
1.40

	
0.69–2.83

	
0.35




	
Coronary artery disease

	

	

	

	
1.51

	
0.90–2.19

	
0.13

	
1.49

	
0.85–2.61

	
0.35




	
Diabetes mellitus

	

	

	

	
1.86

	
1.58–2.19

	
<0.001

	
1.79

	
1.46–2.20

	
<0.001




	
Alb < 3.5 mg/dL

	

	

	

	

	

	

	
1.49

	
1.19–1.88

	
<0.001




	
Alb = 3.5–4.0 mg/dL

	

	

	

	

	

	

	
1

	
-

	
-




	
Alb > 4.0 mg/dL

	

	

	

	

	

	

	
0.82

	
0.62–1.10

	
0.16




	
Ca < 8.5 (mg/dL)

	

	

	

	

	

	

	
0.97

	
0.75–1.26

	
0.84




	
Ca 8.5–10.2 (mg/dL)

	

	

	

	

	

	

	
1

	
-

	
-




	
Ca > 10.2 (mg/dL)

	

	

	

	

	

	

	
0.75

	
0.52–1.08

	
0.12




	
P < 2.5 (mg/dL)

	

	

	

	

	

	

	
1.35

	
0.83–1.38

	
0.12




	
P 2.5–4.5 (mg/dL)

	

	

	

	

	

	

	
1

	
-

	
-




	
P > 4.5 (mg/dL)

	

	

	

	

	

	

	
1.02

	
0.82–1.26

	
0.86




	
ALK-P

	

	

	

	

	

	

	
1.001

	
1–1.002

	
<0.01




	
Intact PTH < 150 pg/dL

	

	

	

	

	

	

	
1.07

	
0.84–1.36

	
0.57




	
Intact PTH 150–300 pg/dL

	

	

	

	

	

	

	
1

	
-

	
-




	
Intact PTH 300–450 pg/dL

	

	

	

	

	

	

	
0.84

	
0.591.20

	
0.34




	
Intact PTH > 450 pg/dL

	

	

	

	

	

	

	
0.93

	
0.65–1.33

	
0.70








PD: peritoneal dialysis; HD: hemodialysis; Alb: serum albumin; Ca: serum calcium; ALK-P: alkaline phosphatase; PTH: parathyroid hormone.
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Table 3. (A) Hazard ratio (HR) of 5-year all-cause mortality in the whole population (N = 52,900). (B) Hazard ratio (HR) of 5-year cardiovascular mortality in the whole population (N = 52,900).






Table 3. (A) Hazard ratio (HR) of 5-year all-cause mortality in the whole population (N = 52,900). (B) Hazard ratio (HR) of 5-year cardiovascular mortality in the whole population (N = 52,900).





	
(A)

	
Model 1

	
Model 2

	
Model 3




	

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value






	
PD vs. HD

	
1.59

	
1.38–1.84

	
<0.001

	
1.48

	
1.28–1.71

	
<0.001

	
1.49

	
1.25–1.77

	
<0.001




	
Age

	
1.07

	
1.06–1.07

	
<0.001

	
1.06

	
1.06–1.06

	
<0.001

	
1.06

	
1.05–1.06

	
<0.001




	
Gender (male)

	
1.19

	
1.10–1.28

	
<0.001

	
1.18

	
1.09–1.27

	
<0.001

	
1.18

	
1.07–1.29

	
<0.001




	
AnemiaHb < 10 g/dL

	

	

	

	
1.04

	
0.96–1.12

	
0.36

	
0.98

	
0.89–1.08

	
0.66




	
Hb between 10–12 g/dL

	

	

	

	
1

	

	

	
1

	

	




	
Hypertension

	

	

	

	
0.87

	
0.79–0.96

	
0.004

	
0.85

	
0.75–0.95

	
<0.01




	
Myocardial infarction

	

	

	

	
1.51

	
1.18–1.94

	
0.001

	
1.40

	
0.69–2.83

	
0.35




	
Coronary artery disease

	

	

	

	
1.62

	
1.32–1.99

	
<0.0001

	
1.49

	
0.85–2.61

	
0.17




	
Diabetes mellitus

	

	

	

	
1.80

	
1.66–1.94

	
<0.0001

	
1.79

	
1.46–2.19

	
<0.001




	
Albumin

	

	

	

	

	

	

	

	

	




	
Alb < 3.5 mg/dL

	

	

	

	

	

	

	
1.64

	
1.51–1.79

	
<0.001




	
Alb = 3.5–4.0 mg/dL

	

	

	

	

	

	

	
1

	
-

	
-




	
Alb > 4.0 mg/dL

	

	

	

	

	

	

	
0.63

	
0.56–0.70

	
<0.001




	
Fe Saturation (%)

	

	

	

	

	

	

	
0.99

	
0.98–0.99

	
0.04




	
Ferritin

	

	

	

	

	

	

	

	

	




	
<100 mg/dL

	

	

	

	

	

	

	
0.82

	
0.73–0.92

	
<0.001




	
100–499 mg/dL

	

	

	

	

	

	

	
1

	
-

	
-




	
400–800 mg/dL

	

	

	

	

	

	

	
1.00

	
0.91–1.11

	
0.95




	
>800 mg/dL

	

	

	

	

	

	

	
1.06

	
0.92–1.24

	
0.42




	
(B)

	
Model 1

	
Model 2

	
Model 3




	

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value

	
HR

	
95% CI

	
p-Value




	
PD vs. HD

	
1.59

	
1.38–1.84

	
<0.001

	
1.48

	
1.28–1.71

	
<0.001

	
1.70

	
1.29–2.24

	
<0.001




	
Age

	
1.06

	
1.06–1.07

	
<0.001

	
1.06

	
1.06–1.06

	
<0.001

	
1.06

	
1.05–1.07

	
<0.001




	
Gender (male)

	
1.22

	
1.08–1.39

	
<0.01

	
1.18

	
1.09–1.27

	
<0.001

	
1.2

	
1.02–1.41

	
0.03




	
Hb < 10 g/dL vs. Hb 10–12 g/dL)

	

	

	

	
1.04

	
0.96–1.12

	
0.36

	
1.07

	
0.90–1.28

	
0.42




	
Hypertension

	

	

	

	
0.87

	
0.79–0.96

	
<0.01

	
0.88

	
0.72–1.07

	
0.21




	
Myocardial infarction

	

	

	

	
1.51

	
1.18–1.94

	
<0.01

	
1.23

	
0.66–2.31

	
0.51




	
Coronary artery disease

	

	

	

	
1.62

	
1.32–1.91

	
<0.001

	
1.50

	
0.93–2.41

	
0.10




	
Diabetes mellitus

	

	

	

	
1.80

	
1.66–1.94

	
<0.001

	
2.03

	
1.71–2.40

	
<0.001




	
Alb < 3.5 mg/dL

	

	

	

	

	

	

	
1.49

	
1.23–1.79

	
<0.001




	
Alb = 3.5–4.0 mg/dL

	

	

	

	

	

	

	
1

	
-

	
-




	
Alb > 4.0 mg/dL

	

	

	

	

	

	

	
0.88

	
0.70–1.10

	
0.25




	
Ca < 8.5 (mg/dL)

	

	

	

	

	

	

	
0.91

	
0.73–1.13

	
0.37




	
Ca 8.5–10.2 (mg/dL)

	

	

	

	

	

	

	
1

	
-

	
-




	
Ca > 10.2 (mg/dL)

	

	

	

	

	

	

	
0.92

	
0.70–1.21

	
0.56




	
P < 2.5 (mg/dL)

	

	

	

	

	

	

	
1.18

	
0.84–1.64

	
0.34




	
P 2.5–4.5 (mg/dL)

	

	

	

	

	

	

	
1

	
-

	
-




	
P > 4.5 (mg/dL)

	

	

	

	

	

	

	
0.96

	
0.81–1.14

	
0.67




	
ALK-P

	

	

	

	

	

	

	
1.001

	
1–1.002

	
<0.01




	
Intact PTH < 150 pg/dL

	

	

	

	

	

	

	
1

	
0.82–1.22

	
1.00




	
Intact PTH 150–300 pg/dL

	

	

	

	

	

	

	
1

	
-

	
-




	
Intact PTH 300–450 pg/dL

	

	

	

	

	

	

	
0.89

	
0.67–1.18

	
0.42




	
Intact PTH > 450 pg/dL

	

	

	

	

	

	

	
0.98

	
0.74–1.31

	
0.912








PD: peritoneal dialysis; HD: hemodialysis; Alb: serum albumin; Ca: serum calcium; ALK-P: alkaline phosphatase; PTH: parathyroid hormone.
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Table 4. Mortality risk by stratifying diabetes mellitus, comorbid condition, and comorbidities.






Table 4. Mortality risk by stratifying diabetes mellitus, comorbid condition, and comorbidities.





	
Comorbid Condition

	
DM

	
Age

	
HD

	
PD

	

	
Relative Risk (PD vs. HD)




	
Deaths

	
Death Rate (%)

	
95% CI

	
Deaths

	
Death Rate (%)

	
95% CI

	
Patient %

	
Crud RR

	
Adjust RR






	
None

	
Non_DM

	
20–44

	
59

	
0.42

	
0.32–0.54

	
13

	
0.47

	
0.27–0.81

	
7%

	
1.41 (0.75–2.58)

	
1.35 (0.72–2.50)




	

	
45–64

	
342

	
0.96

	
0.86–1.07

	
34

	
0.92

	
0.66–1.29

	
17%

	
1.16 (0.82–1.67)

	
1.12 (0.78–1.60)




	

	
≥65

	
904

	
3.11

	
2.91–3.32

	
47

	
3.82

	
2.87–5.09

	
18%

	
1.42 (1.06–1.90) *

	
1.28 (0.95–1.71)




	
DM

	
20–44

	
47

	
1.61

	
1.21–2.15

	
5

	
1.45

	
0.6–3.49

	
2%

	
1.22 (0.48–3.12)

	
0.95 (0.37–2.47)




	

	
45–64

	
506

	
2.21

	
2.03–2.41

	
44

	
2.84

	
2.11–3.82

	
14%

	
1.57 (1.15–2.15) *

	
1.44 (1.05–1.97) *




	

	
≥65

	
796

	
4.36

	
4.06–4.67

	
38

	
5.29

	
3.85–7.28

	
13%

	
1.47 (1.02–1.95) *

	
1.30 (0.93–1.81)




	
One or more

	
Non_DM

	
20–44

	
19

	
0.37

	
0.24–0.58

	
3

	
0.40

	
0.13–1.24

	
2%

	
1.41 (0.41–4.88)

	
1.49 (0.40–5.55)




	

	
45–64

	
170

	
1.29

	
1.11–1.5

	
15

	
1.57

	
0.95–2.61

	
6%

	
1.75 (1.03–2.99) *

	
1.68 (0.98–2.86)




	

	
≥65

	
336

	
3.44

	
3.09–3.82

	
8

	
3.31

	
1.66–6.63

	
6%

	
1.33 (0.66–2.70)

	
1.11 (0.55–2.27)




	
DM

	
20–44

	
21

	
1.53

	
1–2.35

	
1

	
0.63

	
0.09–4.46

	
1%

	
0.58 (0.07–4.36)

	
0.53 (0.07–4.03)




	

	
45–64

	
255

	
2.39

	
2.12–2.71

	
10

	
1.93

	
1.04–3.59

	
7%

	
1.15 (0.61–2.18)

	
1.02 (0.54–1.94)




	

	
≥65

	
326

	
4.06

	
3.64~4.53

	
20

	
7.60

	
4.9~11.78

	
6%

	
2.26 (1.43–3.52) **

	
1.96 (1.24–3.11) **








* p < 0.05, ** p < 0.001, Adjust for gender, albumin, hemoglobin.
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