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Conclusion  The mode of dialysis itself has no effect on 
the survival rate of ESRD patients on dialysis.
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Introduction

With the rapid rise in the prevalence and incidence of end-
stage renal disease (ESRD) worldwide, the number of 
patients undergoing dialysis continues to increase. The popu-
lar dialysis methods in use are hemodialysis (HD) and peri-
toneal dialysis (PD). PD can give patients more freedom than 
HD. The effect of the different mode of dialysis on patient 
survival has always been an issue of concern. The best way 
to compare prognostic differences between PD and HD is 
randomized controlled trials, but it is quite difficult to con-
duct such trails, because almost no one was willing to rand-
omized to receive HD or PD. Therefore, the main studies in 
this field are prospective, cohort studies, and enrolled studies 
using registration data. Currently, some of these studies show 
that PD patients have a better survival rate in the first 1 or 
2 years, but in the next 3–5 years, this advantage does not 
seem to exist, and the survival of PD patients is even worse 
than that of HD patients [1]. However, after the data were 
adjusted for age, race, gender, complications, albumin lev-
els, and primary disease, there was no significant difference 
between the two dialysis modes. In China, there is a lack 
of such research on patient survival with different dialysis 
methods. With the aim of bridging this gap, this cohort study 
was conducted on dialysis patients at Peking University Peo-
ple’s Hospital, who were followed up and analyzed to com-
pare the survival rate of the two treatment modalities, and the 
factors associated with survival were determined.

Abstract 
Objective  No study in China has so far investigated the 
difference in patient survival rates between hemodialysis 
(HD) and peritoneal dialysis (PD). Therefore, the aim of 
the present single-center follow-up study was to determine 
and compare the survival rates associated with HD and PD 
at a Chinese hospital.
Methods  Clinical data were analyzed for all adult patients 
(age >18  years) with chronic renal failure who dialysis 
between 2006 and 2010.
Results  The study included 216 patients, 140 of whom 
underwent PD and 76 of whom underwent HD. Com-
pared to patients in the HD group, patients in the PD group 
were older (61 ±  14 vs. 55 ±  14  years, P =  0.004) and 
had higher baseline blood uric acid levels (452 ± 136 vs. 
388 ± 150 μmol/L, P = 0.002) and lower baseline iPTH 
(224 ± 260 vs. 305 ± 267 pg/ml, P = 0.036). Moreover, a 
higher number of PD patients had diabetes (40 vs. 27.6 %, 
P  =  0.056). The average follow-up time was 25  months 
in the PD group and 36 months in the HD group. The 1-, 
2- and 3-year survival rates were 98.7, 93.2, and 85.5 %, 
respectively, in the HD group and 90.9, 81.5, and 73.8 %, 
respectively, in the PD group. In the first 3 years, HD was 
associated with better survival compared to the PD group. 
However, when adjusted for age, diabetes and BMI, there 
was no significant difference between the PD and HD 
group.
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Patients and methods

Patients

We selected adult (age ≥18  years) patients who started 
dialysis (PD or HD) at Peking University People’s Hospital 
between January 2006 and December 2010. We excluded 
(1) patients who were undergoing dialysis as a result of 
acute renal failure, (2) patients with limited life expectancy 
because of cancer or other serious organ disease, and (3) 
patients who had switched treatment from another mode of 
dialysis or renal transplantation. Patients were divided into 
the PD group and HD group.

Research methods

We collected demographic and clinical data, including gen-
der, age, primary disease, previous history of cardiovascu-
lar disease (CVD), previous history of diabetes (DM), body 
mass index (BMI), blood pressure, hemoglobin, estimated 
glomerular filtration rate (eGFR), and levels of serum 
albumin, uric acid, calcium, phosphate, intact parathyroid 
hormone (iPTH), lipids, and electrolytes. Patients were fol-
lowed up regularly, that is, at least once every 3  months, 
blood pressure and the levels of hemoglobin, albumin, 
uric acid, calcium, phosphate, lipids, and electrolytes were 
determined. Follow-up ended in June 2011. All end point 
events (deaths) and etiological factors were recorded.

The PD patients underwent continuous ambulatory PD 
3–5 times per day, with 1,500–2,000 ml of dialysate (Bax-
ter) exchanged per day. The HD patients underwent dialysis 
2–3 times a week, 4 h each time, using a cellulose triacetate 
(Nipro) or polysulfone membrane (Fresenius) dialyzer.

Statistical analysis

All analyses and calculations were performed using the 
SPSS statistical package, version 17.0 (SPSS, Chicago, 
IL, USA). Normally distributed data are presented as 
mean ± standard deviation (SD). Comparison of measure-
ment data between the two groups was performed using 
the independent student’s t test. Data with non-normal 
distribution are presented as median, and comparisons 
between two groups were conducted using the rank sum 
test. Comparison of enumeration data between the two 
groups was undertaken using the Chi-square test. Differ-
ences in survival rates between groups were determined 
using Kaplan–Meier survival analysis and the log-rank 
test. Factors that influenced survival were analyzed using 
Cox multifactor regression (gradual backward method). 
The statistical significance level was set at P < 0.05.

Results

Patient characteristics at the time of initiation of dialysis

The study included 216 patients, 140 of whom were in 
the PD group (65.1  %) and 76 of whom were in the HD 
group (34.9  %). Compared to the HD group, patients in 
the PD group were older at the time of initiation of dial-
ysis (61  ±  14 vs. 55  ±  14  years; P  =  0.004) and had 
higher serum uric acid (UA) concentration (452 ± 136 vs. 
388 ± 150 μmol/L, P = 0.002) and lower iPTH (115.8 vs. 
217.9  pg/ml, P  =  0.000). Higher prevalence of DM was 
found in the PD group, but the difference was not statisti-
cally significant (40.7 vs. 27.6 %, P = 0.056). There were 
no significant differences in blood pressure or the levels of 
hemoglobin, albumin, lipids, and electrolytes between the 
two groups (Table 1).

Table 1   Demographic and clinical features of PD and HD patients at 
commencement of dialysis

PD HD P

Number of patients 140 76

Gender (male/female) 67/73 39/37 0.627

Age (years) 61 ± 14 55 ± 14 0.004

Primary disease [n (%)]

 Chronic glomerulonephritis 43 (30.7 %) 27 (35.5 %) 0.436

 Tubulointerstitial nephropathy 23 (16.4 %) 13 (17.1 %)

 Diabetic nephropathy 52 (37.1 %) 16 (21.1 %)

 Benign arteriolar nephrosclerosis 19 (13.6 %) 8 (10.5 %)

 Others 3 (2.1 %) 12 (15.8 %)

Cardiovascular disease (%) 23 (16.4 %) 29 (38.2 %) 0.095

Diabetes mellitus (%) 57 (40.7 %) 21 (27.6 %) 0.056

Follow-up time (months) 24 ± 15 36 ± 17 0.000

Body mass index 24.0 ± 3.7 23.3 ± 3.9 0.175

Systolic blood pressure (mm Hg) 149 ± 22 146 ± 23 0.389

Diastolic blood pressure (mm Hg) 81 ± 14 84 ± 17 0.149

Mean arterial pressure (mm Hg) 104 ± 14 104 ± 19 0.882

Hemoglobin (g/L) 86.1 ± 18.1 83.2 ± 19.7 0.286

eGFR (ml/min/1.73 m2) 8.28 ± 4.12 7.95 ± 5.34 0.734

Albumin (g/L) 36.4 ± 4.9 36.1 ± 6.8 0.773

Uric acid (μmol/L) 452 ± 136 388 ± 150 0.002

Serum calcium (mmol/L) 2.02 ± 0.33 2.09 ± 0.33 0.139

Serum phosphate (mmol/L) 1.76 ± 0.61 1.63 ± 0.72 0.197

iPTH (pg/ml) 115.8 217.9 0.000

Triglycerides (mmol/L) 1.50 ± 0.81 1.48 ± 0.83 0.868

Total cholesterol (mmol/L) 4.63 ± 1.34 4.35 ± 1.22 0.124

Potassium (mmol/L) 4.54 ± 0.76 4.78 ± 0.84 0.057

Carbon dioxide combining power 
(mmol/L)

23.0 ± 9.1 21.3 ± 4.0 0.141
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Patient characteristics during dialysis

During dialysis, time-averaged values of PD and HD 
patients were compared. Patients in the PD group had a 
lower SBP, DBP, and MBP (96  vs. 105 mmHg, P = 0.000), 
a better serum uric acid, calcium, phosphate, iPTH, potas-
sium and carbon dioxide combining power. But PD patients 
had a lower serum albumin (37.9 vs. 39.1 g/L, P = 0.014) 
and a higher cholesterol (Table 2).

Comparison of survival rates between the PD and HD 
groups

The 1-, 2- and 3-year survival rates in the PD group were 
90.9, 81.5, and 73.8 %, respectively, and in the HD group, 
they were 98.7, 93.2, and 85.5 %, respectively. As can be 
seen, in the first 3  years, the survival rate of PD patients 
was worse than that of HD patients. Kaplan–Meier sur-
vival analysis showed that there was a significant differ-
ence in cumulative survival rates between the two groups 
(P = 0.026, Fig. 1).

Factors associated with survival in the dialysis patients

Sex, age, mode of dialysis, history of cardiovascular dis-
ease, history of DM, BMI, blood pressure, baseline eGFR, 
hemoglobin, serum albumin, calcium, phosphate, and uric 
acid at commencement of dialysis, time-averaged blood 
pressure, HGB, serum albumin, calcium, phosphate, and 
uric acid during the follow-up period were all included in 
the Cox model regression analysis. The results revealed 
that age (P = 0.000), history of DM (P = 0.002), and BMI 

Table 2   Time-average values of PD and HD patients during dialysis

PD HD P

Number of patients 140 76

Systolic blood pressure  
(mm Hg)

131 ± 21 147 ± 18 0.000

Diastolic blood pressure  
(mm Hg)

78 ± 12 85 ± 12 0.000

Mean arterial pressure  
(mm Hg)

96 ± 13 105 ± 13 0.000

Hemoglobin (g/L) 114.9 ± 13.1 111.7 ± 24.1 0.220

Albumin (g/L) 37.9 ± 4.4 39.1 ± 2.6 0.014

Uric acid (μmol/L) 368 ± 77 429 ± 76 0.000

Serum calcium (mmol/L) 2.29 ± 0.22 2.22 ± 0.13 0.003

Serum phosphate (mmol/L) 1.37 ± 0.40 1.52 ± 0.39 0.012

iPTH (pg/ml) 166 294 0.000

Triglycerides (mmol/L) 2.08 ± 1.17 1.83 ± 1.05 0.130

Total cholesterol (mmol/L) 5.30 ± 1.20 4.20 ± 0.99 0.000

Potassium (mmol/L) 4.18 ± 0.67 5.14 ± 0.68 0.000

Carbon dioxide combining 
power (mmol/L)

26.6 ± 2.7 23.4 ± 1.9 0.000

Fig. 1   Comparison of cumula-
tive survival rates between PD 
and HD patients. The survival 
rate of PD patients was worse 
than that of HD patients

Table 3   Factors influencing survival in dialysis patients (multivariate 
Cox regression analysis)

Factors Hazard ratio (HR) Confidence interval (CI) P value

Age (years) 1.107 1.049–1.169 0.000

History of DM 5.253 1.883–14.652 0.002

BMI 0.795 0.689–0.918 0.002
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(P  =  0.002) were significantly associated with survival 
(Table 3).

Comparison of survival rates after adjustment 
for confounding factors

After adjustment for age, history of DM, and BMI, there 
were no significant differences in the survival curves 
between the PD and HD groups (Fig. 2).

Discussion

This study is the first to compare the survival of HD and 
PD patients in China, and it was found that the results were 
similar to those reported in other countries.

We compared 140 PD patients and 76 HD patients. 
We found that PD patients had poorer survival than HD 
patients. However, this is contradictory to the results of 
most studies, which have shown that early survival rates in 
PD are equal to or even better than those associated with 
HD [2, 3]. The results in our study may have been caused 
because the patients were not randomly assigned to either 
group: The PD patients were older than the HD patients, 
and the PD group also had a higher number of DM patients. 
This may have led to a bias in the results. Like the other 
published studies, Fenton [4] also found that the overall 
death risk associated with PD is lower than that associated 
with HD in Canada and that this advantage is more obvi-
ous in the first 2 years. Moreover, Termorshuizen [5] found 
that after 2 years of dialysis, the relative risk of death sig-
nificantly increased in patients undergoing PD. A similar 
conclusion was made by Jaar [6] after he analyzed 1,041 

new dialysis patients in the USA. The early survival advan-
tage of PD patients may be associated with better residual 
renal function protection. However, with the extension of 
dialysis time, residual renal function decreases, and the 
early survival advantage cannot be maintained. Thus, even 
though PD is advantageous in the early treatment stages, 
this survival advantage is not evident later on.

In this study, after adjusting for some risk factors, there 
was no significant difference in the survival rate between 
the two groups. This is consistent with previous studies 
which have shown that there was no significant difference 
in the patient survival rate between PD and HD, for exam-
ple, Vonesh’s study [7] on 398,940 dialysis patients in the 
USA and Huang’s study [8] on 45,820 HD patients and 
2,809 PD patients in Taiwan. Consistent with the present 
study, these studies have shown that after adjusting for age, 
diabetes and other risk factors, PD and HD patients show 
similar outcomes. These results indicate that the dialysis 
mode itself does not affect the survival of dialysis patients. 
The difference in survival rate may thus be caused by other 
factors.

With regard to the risk factors associated with survival, 
we found that age, history of DM, and BMI were risk fac-
tors. However, the risk factors reported by other studies 
are not totally consistent. Matos [9] followed up 3,082 HD 
patients for 5 years and found that age, diabetes, and serum 
albumin level were prognostic factors. Moreover, Sanabria 
[10] observed 923 patients on dialysis and discovered that 
age, history of cardiovascular disease, and history of dia-
betes were the risk factors associated with death. In addi-
tion, Kao [11] reported that age and diabetes were risk fac-
tors for survival. Overall, most studies found that age and 
diabetes are factors affecting survival in dialysis patients, 

Fig. 2   Comparison of cumula-
tive survival rates between PD 
and HD patients after adjust-
ment for confounding factors. 
There were no significant dif-
ferences in the survival curves 
between the PD and HD
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which is consistent with our findings. In addition to this, 
many studies have suggested the association of hypoal-
buminemia with poor prognosis. For example, Chan [12] 
observed 167 HD patients and found that hypoalbuminemia 
is an independent risk factor for death in dialysis patients, 
and Goodkin [13] reported that hypoalbuminemia was a 
poor prognostic factor in 18,000 dialysis patients. In this 
study, we did not find albumin was independently associ-
ated with prognosis, but we found that another nutrition-
related indicators—BMI was an independent predictor of 
death. Actually, in 2005, Kalantar-Zadeh [14] reported the 
phenomenon of “reverse epidemiology” in HD patients, 
wherein contrary to the trend in the general population, 
dialysis patients with low BMI were characterized by 
increased mortality compared to high BMI patients. Sub-
sequently, the Dutch NECOSAD study [15] also confirmed 
the presence of the “reverse epidemiology” phenomenon 
in PD patients. This phenomenon was also observed in 
our study. Therefore, it seems that the findings in the Chi-
nese population are more or less similar to those in other 
populations.

There are several limitations to the present study. First, it 
is a single-center study in which the patients were not ran-
domly assigned to either group. Second, the study popula-
tion is small (216 patients), and only the survival rates of 
the first 3 years have been compared. Therefore, there is a 
need to conduct a multicenter controlled study with a large 
sample and longer follow-up period in order to confirm all 
these findings.

Conclusion

In the first 3 years of dialysis, survival in the PD group was 
worse than that in the HD group. However, after adjustment 
for age, history of DM, and BMI, the survival in the PD 
and HD groups was found to be equal. The results demon-
strate that the two modes of dialysis are not significantly 
different with regard to patient survival.
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