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CKD：Major Public Health Problem 

ESRD：～1.3 million  

10.8% 

Incidence of CKD (eGFR<60 

+Albuminuria ) 

130 million CKD Patients in China 

Zhang L, et al. Lancet. 2012; 379: 815-822 



HD and PD Population in China 

Data for China Dialysis Registration Database 2014 



PD Developing in China 

Patients No 2010 2011 2012 2013 

>1000 1 1 1 

500-1000 1 2 2 

350-500 4 4 3 6 

200-350 16 23 29 30 

100-200 43 61 73 90 

50-100 80 81 90 90 

<50 635 609 643 671 



The number of PD patients quickly surged in SYSU 



Quality  issues for the PD program 

• Patient survival 

• Technique survival 

• Rate of infection 

• Catheter patency 

• PD adequacy  

• Nutritional status  

• Quality of life 

• Hypertension control  

• Correction of anemia 

• Reduction of CVD 

• Control of  CKD-MBD 

• Dropout Rates (DOR)  

• Time On  PD Therapy (TOT) 



PERITONEAL DIALYSIS REGISTRATION SYSTEM  

(PERSIST) Study 

 

 

 

http://pd.medidata.cn 

Sponsor:  Sun Yat-sen University 

Principal Investigator： Xueqing Yu 

ClinicalTrials.gov ID：NCT 02989298  



A total of 66 hospitals registered 18,177 PD patients by Dec 31, 2017 

PERITONEAL DIALYSIS REGISTRATION SYSTEM  

(PERSIST) Study 

 Parameters in database 

 total:1004 

 follow-up: 448 

 complication: 235 

PD Registration System 



Aim of the Study 

• Outcomes and risk factors 

• Evidences for the intervention 

• Predictors for outcomes 



Study Design 

• Perspective, Multicenter, Observational Cohort Study 

• Enrollment:10000 

• Follow-Up Duration:10 years. Patients will be followed up every 3 m 

• Eligibility:     Minimum Age:  18 

                          Maximum Age:  No limiting  

                          Gender:  Both 

                          Inclusion Criteria: PD therapy more than 3 months 

                          Exclusion Criteria: No 



Data Collection 

• Demographic:  

        Age, gender, cause of end-stage renal disease, presence of diabetes, history of 

cardiovascular disease, BMI, Charlson Comorbidity Index (CCI) 

• Biochemical data:  

        Serum albumin, hemoglobin, hsCRP, serum creatinine, serum calcium, serum 

phosphorus, total cholesterol, renal and peritoneal Kt/V urea (urea clearance 

index),normalized protein catabolic rate (nPCR) (g/kg/d)  ,Measured GFR 

• Bio-specimen: 

       Serum, urine, DNA and peritoneum tissue. 



Primary Outcomes 

•  1: Patient survival of PD patients 

        Time frame: The 1st year, 2nd year, 3rd year, 4th year, 5thyear and 10th year 

         Description: Developing a PD database in China, and evaluating the patient survival 

of PD patients at the 1st year, 2nd year, 3rd year, 4th year, 5thyear and 10th year . 

• 2: Technical survival of PD patients 

        Time frame: The 1st year, 2nd year, 3rd year, 4th year, 5thyear and 10th year. 

         Description: Developing a PD database in China, and evaluating the technical 

survival of PD patients at the 1st year, 2nd year, 3rd year, 4th year, 5thyear and 10th year. 



PD Patients 

Regular follow-up data collection Baseline data collection 

Demographics: 
age, gender, primary cause 

of ESRD, BMI, 
blood pressure 

Lab parameters: serum, 

urine,  

dialysate and 

peritoneum  

 
quality of life 

Complications,  

medication , 

dialysis prescription 

Primary outcomes： 

all-cause mortality and technique failure  

                                 

Flow chart 

Target Follow-up duration: 10 years 



Patient survival rate of PD patients in SYSU 

1 year 2 year 3 year 5 year 

    Overall 94% 87% 81% 64% 

    Elderly patients (>65y) 79% 67% 56% 30% 

    Diabetic patients 90% 72% 63% 36% 

    Remote area patients 95% 89% 85% 72% 

 Yang X,…Yu XQ. Chin Med J .2011;124:2696-00.                           Joshi U, …Yu XQ. Perit Dial Int. 2014;34:299-307.   

 Yang X,…Yu XQ. Diabetes Res Clin Pract. 2013;100:354-61.          Yi C, …Yang X. Blood Purif. 2016;41:100-7. 



Technique Survival of PD Patients in SYSU 

1 year 2 year 3 year 5 year 

    Overall 98% 95% 91% 86% 

    Elderly patients (>65y) 97% 96% 91% 78% 

    Diabetic patients 96% 93% 90% 87% 

    Remote area patients 98% 95% 92% 83% 

 Yang X,…Yu XQ. Chin Med J .2011;124:2696-00.                           Joshi U, …Yu XQ. Perit Dial Int. 2014;34:299-307.   

 Yang X,…Yu XQ. Diabetes Res Clin Pract. 2013;100:354-61.        Yi C, …Yang X. Blood Purif. 2016;41:100-7. 

(death censored)  



The 5-year Survival of PD patients in Different Countries 
and Areas 



CVD:  the leading cause of mortality in PD patients 

CVD 
52% 

Infectious disease 
19% 

Malignancy 
3% 

Caexia 
8% 

GI bleeding 
10% 

Give-up 
3% 

Unknown 
4% 

Others 
1%   

n= 347 

From PD database of SYSU 2006~2014 



CVD 
mortality 

PD pts with 
prior stroke 

PD pts with 
pulmonary 

hypertension  

PD pts with 
CVD 

Diabetic PD 
pts with CVD 

Risk Factors on CVD Mortality of PD patients 

Wu X,…Yu XQ. Perit Dial Int. 2016 ;36:308-14 .                    Xu Q,…  Mao H. Perit Dial Int. Perit Dial Int. 2015;35:537-44 

Liu X,...Yang X.Sci Rep. 2016;6:32359                                     Zhao C, ...Huang F. Eur J Clin Invest. 2014 ;44:1095-103  

Yang X,…Yu XQ. Diabetes Res Clin Pract. 2013;100:354-61 



Risk Factors on CVD Events in PD Patients  
 

• Fluid overload  

• PD solutions and metabolic disorders  

• Malnutrition 



Fluid overload 



ECW/TBW was positively correlated with systolic blood 
pressure (mmHg). 

Overhydration is prevalent in PD patients 

Fluid overload (defined by ECW/TBW>0.40) was present in 66.8% patients 

ECW/TBW in the CAPD patients with and 
without CVD 

Guo Q...Yu XQ. PLoS One. 2013;8:e53294 



KM survival curves for CVD mortality Clinical outcome at 1 year follow-up 

Guo Q,.. Yu XQ. PLoS One. 2013;8:e53294. 

A total of 307 CAPD patients (43% male, mean age 47.8 years) were enrolled, with a median duration 
of  PD 14.6 (5.9–30.9) 

CAPD patients with fluid overload had higher cardiac event rate 



Guo Q,… Yu XQ.  Perit Dial Int. 2015;35:691-702 

The 307 CAPD patients with a median follow-up period of 38.4 (19.2 –47.9) months 

CAPD patients with fluid overload had poorer clinical outcomes 



Summary  

Fluid overload  

Decreased RRF 

CVD event and 
mortality  

PD-related 
peritonitis 

technique failure  

Guo Q, et al. PLoS One. 2013;8:e53294                                    Guo Q , et al.Perit Dial Int. 2015;35:691-702.  

Tian N , et al. PLoS One. 2016,11:e0153115                            Wen Y , et al. Perit Dial Int. 2015;35:70-7  

Volume control is very important in PD patients  



Metabolic Sydrome  



Gu W…Yang X Clin Nephrol. 2013 ;80:114-20 

A total of 511 CAPD patients were enrolled. The median of PD duration was 20 months (8, 38 months). 213 patients (41.7%) 

met the MS diagnostic criterion 



Wen Y, …Yu XQ. Perit Dial Int. 2015 ;35:70-7 

High peritoneal dialysate glucose concentration in PD  is associated with 

higher all cause and CVD mortality 

• 716 incident PD pts 

• mean follow-up was 31 ± 

15 months 



2018/6/14 Peng FF, ,... Yu XQ. Perit Dial Int.2015;35:566-75. 

Increased HbA1c was associated with poorer survival in diabetic PD patients 



Wu H, …Yang X. Nutr Metab Cardiovasc Dis. 2015 25:749-55 



Elevated serum uric acid level is an independent risk factor  

for all-cause and cardiovascular mortality in men treated with PD 

A median follow-up 
period of 25.3 months. 

Xia X,et al. Am J Kidney Dis. 2014;64:257-64.  



The flow chart shows how patients 

were selected for the present study. 

Higher total serum alkaline phosphatase levels at the commencement 

of PD were independently associated with all-cause and CV mortality 

in PD patients. 

Liu X, et al.  Clin J Am Soc Nephrol 2014;9: 771–8 

Followed-up for a 

median 31-months 



Summary 

Mortality 

Elevated serum  

uric acid level  

Higher serum 
TG/HDL-C ratio  

Increased HbA1c and 
decreased Alb-glycated 

serum proteins  

Higher serum  

ALP levels  

Metabolic 
syndrome 

Xia X, et al.Nutr Metab Cardiovasc Dis. 2016;26:20-6 

Wu H , et al. Nutr Metab Cardiovasc Dis. 2015;25:749-55.   

Peng F , et al. Perit Dial Int. 2015;35:566-75 

 

 

Liu XH, et al.Clin J Am Soc Nephrol. 2014;9:771-8.  

Xia X, et al. Am J Kidney Dis. 2014;64:257-64.  

Gu W, et al. Clin Nephrol. 2013;80:114-20 

Metabolic disorders:  risk factors on mortality of PD patients 



Malnutrition 



Malnutrition is a common complication in PD patients 

Huang R, ...Yang X. Br J Nutr. 2015 ;28;1136:27-33  



Liu Y,..Yang X. Br J Nutr. 2015; 114, 398–405 



Log rank =35.058 

 P<0.001 

Huang R, ...Yu XQ,Yang X. Br J Nutr. 2015 ;28;1136:27-33  

Factor 1：visceral proteins(Alb, prealb and transferrin) 
Factor 2: muscle mass (Scr, Cho) 
Factor 3: BMI Kaplan–Meier survival curve according to the quartiles of the ‘visceral proteins’ factor score.  



Patients with more BMI decline (>0.80%) during the first year after CAPD initiation had an 

elevated risk for both all-cause and CVD mortality 

Xiong L, ...,Mao H. Nutrients. 2015;7:8444-55  



Summary 

Protein-energy  
wasting 

More BMI decline  

Lower visceral 
protein  

Malnutrition-
Inflammation 

Score  
A lower serum 

 potassium  

Hypomagnesemia 

Increasing of red blood cell 
distribution width 

Zheng Z, et al. Kidney int. 2002;62;1447-553 

Zheng Z, et al. Kidney int. 2001;60;2392-8 

Zheng Z, et al. Perit Dial Int. 2009; 29: 656-63 

Xiong L, et al. Nutrients. 2015; 7:8444-55.  

Huang R, et al. Br J Nutr. 2015 ;28;1136:27-33 

Liu Y. et al. Br J Nutr. 2015;114:398-405 

Yang X ,et al. Am J Kidney Dis. 2016;68:619-27  

Xu Q, et al. PLoS One. 2014;9:e86750. 

Ye H, et al. Perit Dial Int. 2013;33:450-4. 

 Peng F, et al. Int J Cardiol. 2014;176:1379-81 

The risk factors of PEW in CAPD patients  



The Other Risk Factors on Mortality of PD Patients 



Hemoglobin and patients estimated survival rate 

Group 1 years 3 years 5 years 

Hb<110 g/L 93.4 79.6 64.1 

Hb≥110g/L 97.8 93.1 83.0 

Log Rank P < 0.001 



Cumulative hazard for all-cause deaths by hemoglobin groups 

Log Rank P < 0.001 



Cumulative hazard for CV deaths by hemoglobin groups 

Log Rank P < 0.001 



Hemoglobin and patients all-cause mortality  

in COX regression models 

Univariate model Multivariate model# 

Variables HR (95% CI) P value HR(95% CI) P value 

Hemoglobin (every 10 g/L increase) 0.81(0.77-0.85) <0.001 0.84(0.79-0.90) <0.001 

Hb group 

     Hb ≥110g/L Ref. (1.00) - Ref. (1.00) - 

     Hb < 110g/L 2.51(1.88-3.34) <0.001 1.75(1.29-2.37) <0.001 

Hb quartiles 

     Q1(Hb ≤83g/L) 3.62(2.55-5.13) <0.001 2.53(1.71-3.73) <0.001 

     Q2(83g/L< Hb ≤99g/L ) 1.99(1.38-2.89) <0.001 1.47(0.99-2.19) 0.058 

     Q3 (99g/L< Hb ≤115g/L ) 1.46(0.99-2.16) 0.056 0.99(0.78-1.26) 0.934 

     Q4(Hb > 115g/L ) Ref. (1.00) - Ref. (1.00) - 

# Multivariate models were adjusted for age, sex, DM, MAP, CCI, Albumin, Cacium, iPTH, serum creatinine, 24-h urine 

output. 



Hemoglobin and patients CV mortality  

in COX regression models 

Variables 
Univariate model Multivariate model# 

HR (95% CI) P value HR(95% CI) P value 

Hemoglobin (every 10 g/L increase) 0.78(0.72-0.83) <0.001 0.79(0.72-0.86) <0.001 

Hb group 

     Hb ≥110g/L Ref. (1.00) - Ref. (1.00) - 

     Hb < 110g/L 3.38(2.20-5.19) <0.001 2.39(1.52-3.74) <0.001 

Hb quartiles 

     Q1(Hb ≤83g/L) 4.72(2.83-7.87) <0.001 3.38(1.95-5.89) <0.001 

     Q2(83g/L< Hb ≤99g/L ) 2.54(1.48-4.37) 0.001 1.91 (1.09-3.35) 0.024 

     Q3 (99g/L< Hb ≤115g/L ) 1.74(0.99-3.08) 0.056 1.42(0.80-2.53) 0.231 

     Q4(Hb > 115g/L ) Ref. (1.00) - Ref. (1.00) - 

# Multivariate models were adjusted for age, sex, DM, MAP, CCI, Albumin, Cacium, iPTH, serum 

creatinine, 24-h urine output. 



MBD in PD Patients 



         Effects of Ca, P, and Ca×P  
       on the prognosis of patients           Effects of Ca, P, and Ca×P  

       on the prognosis of PD patients  



Q1 286 203 66 18 2 0 

Q2 300 226 81 27 6 0 

Q3 240 169 94 21 1 0 

Q4 240 189 116 19 2 0 

Number at risk 

The correlation between serum calcium level and all-cause mortality in PD 

patients（Kaplan–Meier method） 



Q1 262 212 119 20 2 0 

Q2 266 200 102 24 1 0 

Q3 259 193 77 20 3 0 

Q4 259 172 56 20 4 0 

Number at risk 

The correlation between serum phosphorus and all-cause mortality in PD 

patients（Kaplan–Meier method） 



 

The Correlation of all-cause mortality and Ca×P level in PD patients（Kaplan–

Meier method） 

 

Q1 262 208 107 19 2 0 

Q2 263 202 98 23 1 0 

Q3 263 190 86 22 3 0 

Q4 261 177 63 21 5 0 

Number at risk 



The correlation of iPTH and all-cause mortality in PD patients 

（Kaplan–Meier method） 

Q1 250 189 114 27 4 0 

Q2 251 184 84 24 2 0 

Q3 251 186 82 17 2 0 

Q4 247 187 71 17 3 0 

Number at risk 



Risk Factors on The Clinical Outcomes 

• Fluid overload and glucose in the PDS 

       Guo QY, et al. PLos One. 2013,8:e53294.  

       Wen YQ,et al. Perit Dial Int. 2013 Dec 1.      

• Social support and psychotic state  on QOL 

       Ye XQ,et al. J Psychosom Res 2008; 65:157-64.        

         Lin JX,et al.Int Urol Nephrol 2012,44:929-36. 

• MIA syndrome on the patient survival and QOL 

        Zheng ZH,et al. Kidney Int. 2002,62:1447-53  

          Li Z,et al. Ren Fail. 2011,33:124-30. 

• Disadvantaged Patients: diabetic, elder       

        Yang X,et al. Diabetes Res Clin. 2013;100:354-61      

          Zhang L,et al. Perit Dial Int. 2013,33:259-266.  



PD Related Peritonitis in Patients on PD 



Peritoneal dialysis-related peritonitis 

• A common and serious complication of PD 

• A major cause of PD technique failure 

• The direct or major contributing cause of death in around 

16% of PD patients 

Li PK, et al: Perit Dial Int 2010;30:393-423 



SYSU 

The Incidence of peritonitis in SYSU 

Yu XQ,Yang X. Am J Kidney Dis. 2015; 65: 147-51               Li PK, et al. Perit Dial Int. 2016;36:481-508.  
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ISPD GUIDELINES/RECOMMENDATIONS 



Fan X, et al. PLoS One. 2014;9:e107485. 

Older age, male, lower educational level and hypoalbuminemia at initiation of PD were 

related to the first episode of peritonitis. 

• A total of 1,117 incident PD pts were 

followed for a median of  26.1 months 

• Among them, 309 (27.7%) patients 

presented the first episodes of 

peritonitis. 



• Patients with early-onset peritonitis had higher overall peritonitis rate and worse technique survival 

• Higher BMI, hypoalbuminemia and catheter exit-site infection were related to the early-onset peritonitis 

• A total of 1,690 incident PD pts were followed 

for a median of 32.6 months (IQR 17.2 to 50.6 

months)  

• 503 (29.8%) pts suffered at least 1 episode of 

peritonitis during a cumulative follow-up 

period of 5,113 pts-years 

• 118 (7.0%) pts developed the first peritonitis 

within the initial 3 months. 

Wu H,et al.Perit Dial Int. 2016;36:640-6 

Kaplan-Meier survival analysis of technique survival 



Feng X, et al. Perit Dial Int 2014;34:308-16  

 

  

•E. coli peritonitis remains a common complication of PD 

patients in our center .  

•A history of peritonitis is associated with increased risk 

for ESBL development.  

•Prolonging treatment course from 2 weeks to 3 weeks or 

more can decrease the risk of relapse and repeat of E.coli 

peritonitis significantly.  Evolution of PD-related peritonitis incidence over the 

6-year study period  



Risk factors for the first episode of peritonitis  

 Older age 

Male 

Lower educational level  

Hypoalbuminemia 

 

Risk factors for early-onset peritonitis 

Higher body mass index 

 Hypoalbuminemia  

Catheter exit-site infection 

The risk of relapse and repeat peritonitis 

E. Coli , in particular with ESBL 

 Higher Charlson Comorbidity Index 

Shorter course of treatment 

Wu H,et al.Perit Dial Int. 2016;36:640-6 

Feng X,et al.Perit Dial Int 2014;34:308-16 

Fan X,et al. PLoS One. 2014;9:e107485.  

Yang X,et al. Chin Med J (Engl). 2011 ;124:2696-700. 

Guo Q,et al. Perit Dial Int. 2015;35:691-702 

Yi C, et al. Blood Purif. 2016;41:100-7. 

Ouyang CJ,et al. Perit Dial Int. 2015;35:443-9. 

Yang X,et al. Perit Dial Int. 2008;28:316-7 

Risk factors for PD-related peritonitis and its outcomes 

Risk factors for poor outcomes of peritonitis  

 Virulence factors of   pathogenic bacteria  

 Higher serum alkaline phosphatase 

Encapsulating peritoneal sclerosis 

 



Peritonitis was independently associated with higher risk of all-cause, cardiovascular and infection-related 

mortality in PD patients, and its impact on mortality was more significant in patients with longer PD duration. 

Ye H,...Yang X. BMC Nephrol 2017, 18: 186. 



α-keto acid+protein restricted diet to reduce residual renal function deterioration in 

PD patients : A double-blind randomized multicenter clinical trial 

CAPD patients（n=160） 

4 weeks’withdrawal in α-keto acid used patients 

random allocation 

     Control Group 
placebo+protein restricted diet 

（1.0g/kg/d） 
 

Study Group 
α-keto acid(100mg/kg/d)+protein restricted diet（1.0g/kg/d） 

 Follow-up each month,  evaluate BP, 
HR, drugs, hospitalization,  infection 

rate 

evaluate residual renal 
function,dialysisadequacy ,  

nutritional status every 3 months 

PET test, QoL score every 6 
months 

ClinicalTrials.gov ID：NCT01255020 

Research completed，paper under preparation 



ACEI/ARB to protect the residual renal function in PD patients 
A prospective multicenter randomized controlled trial 

ClinicalTrials.gov ID：NCT00721773 

Follow-up each 3 months，record laboratory 
examination, residual renal function, clinical 

features 

PET examination 、echocardiography, carotid artery 
ultrasonography each 6 months 

CAPD patients (n=200) 

Combined Group 
 

Control Group 
 

Benazepril Group Valsartan Group 

random allocation 

RRF adverse events Peritoneal function  
cardiovascular 

events 
BP、general 
conditions 

paper under preparation  



A Multicenter, Randomized, Open-Label Study of Quality of Life in Peritoneal 
Dialysis and Conventional In-Center Hemodialysis 

 (ChinaQ study) 

ClinicalTrials.gov ID： NCT02378350 

48ᵕ 

total n=668 ιpatients are under follow -up  



Hyperuricemic treatment in PD patients and cardiovascular mortality 
 A prospective multicenter double-blind RCT 

CAPD patients 

4 weeks’wash out in patients under hyperuricemia 
treatment  

random allocation 

Follow-up every month in the first 3 
months，evaluate BP, HR, drugs, 
residual renal function, dialysis 

adequacy, nutritional status  

Then follow-up each 3 months, to 
evaluate BP, HR, drugs, residual 

renal function, dialysis adequacy, 
nutritional status  

PET examination every 6 
months，echocardiography 

every year 

Febuxostat Placebo 



Key Elements for Success 

•  A excellent PD team and team work 

•  Excellent program for pts follow-up 

•  Continuous quality improvement 

•  PD Satellite center: a good model  

•  Clinical questions driven research 
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CHINA CKD ALLIANCE 



Thank you ! 

Thank you !  


