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Abstract

Objective: This study assessed the relationship between se-
rum albumin (ALB) at start of peritoneal dialysis (PD) and
long-term outcomes of continuous ambulatory PD (CAPD) in
AnhuiHan patients. Methods: A total of 149 AnhuiHan CAPD
patients were enrolled in this study and followed up for 3
years. They were initially diagnosed with the end-stage renal
disease and underwent surgical PD catheter placement from
January 2009 to December 2013. According to serum ALB at
start of PD, the patients were divided into two groups: low
ALB group (ALB <35 g/L) and high ALB group (ALB >35 g/L).
Demographic, hematologic, biochemical, and dialysis-relat-
ed data were collected. Kaplan-Meier survival analysis and
log-rank test were conducted to compare patient mortality,
cardiovascular mortality and technique failure between the
low ALB group and the high ALB group. Cox regression anal-

ysis was performed to analyze the risk factors, calculate the
hazard ratio (HR), adjusted HR (AHR) and 95% confidence in-
terval (Cl). Results: The low ALB group showed a greater
number of diabetes mellitus compared with the high ALB
group. Patient mortality, cardiovascular mortality, and tech-
nique failure in the high ALB group were significantly lower
than those in the low ALB group. In Cox regression analysis,
serum ALB <35 g/L was an independent predictor of patient
mortality (AHR 3.043, 95% Cl 1.085-8.536, p = 0.034), cardio-
vascular mortality (AHR 11.587, 95% Cl 1.466-91.574, p =
0.020), and technique failure (AHR 3.148,95% CI 1.603-6.182,
p=0.001) in CAPD patients after adjustment for sex, age, es-
timated glomerular filtration rate, primary renal disease, dia-
betes mellitus, and cardiovascular disease. Conclusions: In
Anhui Han patients on CAPD, the levels of serum ALB at start
of PD are inversely correlated with patient mortality, cardio-
vascular mortality, and technique failure, and the long-term
outcomes of patients with hypoalbuminemia at start of PD
are poor. To improve the long-term outcomes of Anhui Han
CAPD patients, patients with hypoalbuminemia at start of
PD should be closely monitored. ©2018'S. Karger AG, Basel
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Introduction

Peritoneal dialysis (PD) is an effective treatment for
end-stage renal disease (ESRD). The prognosis of patients
on PD and its influencing factors especially at start of PD
which can preliminarily evaluate the prognosis of pa-
tients on PD before dialysis, have been a major concern
for clinical staff. Previous studies have shown that the se-
rum albumin (ALB) levels of PD patients are closely re-
lated to all-cause mortality [1-9], cardiovascular mortal-
ity [1-3], and technique failure [4-6]. However, there are
few cohort studies that simultaneously analyze the rela-
tionship between serum ALB levels and all-cause mortal-
ity, cardiovascular mortality and technique failure. In this
research, patient survival, time and cause of death, or
transfer to hemodialysis (HD) were recorded to obtain
the long-term outcomes of patients on continuous ambu-
latory PD (CAPD), and a retrospective cohort study was
designed to simultaneously explore the relationship be-
tween serum ALB at start of PD and all-cause mortality,
cardiovascular mortality, and technique failure in Anhui
Han CAPD patients.

Study Patients and Methods

Study Patients and Design

We conducted a single-center retrospective cohort study with
the aim of exploring the relationship between serum ALB at start
of PD and patient mortality, cardiovascular mortality, and tech-
nique failure in CAPD patients. A total of 175 patients were re-
cruited, who were initially diagnosed with the ESRD and under-
went surgical PD catheter placement at the Department of Ne-
phrology in the First Affiliated Hospital of University of Science
and Technology of China (Anhui Provincial Hospital) from Janu-
ary 2009 to December 2013. Twenty-six patients were excluded for
the following reasons: age under 18 years old, survived less than 3
months following the initiation of PD, recovered renal function,
no longer required dialysis, malignancy before dialysis, or kidney
transplantation after PD. Eventually, 149 Anhui Han patients were
in the final data set. According to serum ALB levels at start of PD,
the patients were divided into two groups: low ALB group (ALB
<35 g/L) and high ALB group (ALB 235 g/L). All patients were
followed up for 3 years. The patients who underwent CAPD with-
in 3 years and transferred to HD were still followed up to death or
for 3 years. Patient survival, time and cause of death, or transfer to
HD were recorded to obtain the long-term outcomes of CAPD
patients through outpatient review, letter, or telephone follow-up.
None of the patients were lost to follow-up.

Data Collection

Patients were given conventional glucose-based solution and
used CAPD on initial PD. The first peritoneal equilibrium test and
dialysis adequacy were done within 1-3 months of CAPD initia-
tion, and the dialysate/plasma creatinine and weekly Kt/v urea
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were evaluated. We retrospectively collected demographic infor-
mation, and clinical data including cause of ESRD, diabetes mel-
litus (DM), cardiovascular disease, and laboratory measurements
at start of PD such as hemoglobin, calcium, phosphate, ALB, uric
acid, and estimated glomerular filtration rate (eGFR).

In this research, the cardiovascular disease was defined as fol-
lows [10]: (1) congestive heart failure or atrial fibrillation; (2) cor-
onary artery disease; and (3) cerebrovascular disease. The residual
renal function at start of PD was evaluated by eGFR; eGFR was
estimated using the simplified modification of diet in renal disease
equation: eGFR (mL/min/1.73 m?) = 186 x serum creatinine (mg/
dL) 115 x age (years) 0203 x 0.742 (if female).

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statis-
tics 20.0 version. Continuous variables were summarized as means
+ standard deviation, and analyzed using the Student’s ¢ test. The
number (1) and percentage (%) in each category were calculated
for categorical variables, which were analyzed using x* test.

Clinical outcomes in this study included patient mortality, car-
diovascular mortality, and technique failure. Only death was used
as the final event in the patient survival analysis, and patients who
were still alive at the end of the study were considered censored
data. Only death attributed to cardiovascular disease was used as
the final event in the patient cardiovascular mortality analysis, and
patients who with death attributed to other reasons or still alive at
the end of the study were considered censored data. While analyz-
ing the technique survival, dropout attributed to death or trans-
ferred to HD was used as the end point, and patients who remained
alive and on PD therapy were considered censored data [11].

The Kaplan-Meier survival analysis and log-rank test were con-
ducted to compare patient mortality, cardiovascular mortality, and
technique failure between the low ALB group and the high ALB
group. The Cox regression analysis was also performed to analyze
the risk factors, calculate the hazard ratio (HR), adjusted HR
(AHR), and 95% confidence interval (CI). A p value <0.05 was con-
sidered statistically significant.

Results

Baseline Clinical Parameters of Patients on CAPD

The baseline clinical data of the 149 enrolled Anhui
Han patients are shown in Table 1. The causes of ESRD
were as follows: glomerulonephritis (n = 105, 70.5%), hy-
pertension (n = 20, 13.4%), DM (n = 17, 11.4%), other
(n=7,4.7%).

According to serum ALB at start of PD, the patients
were divided into low ALB group (n = 88, 59.1%) and high
ALB group (n=61,40.9%). Table 1 shows the general char-
acteristics of the low ALB group and the high ALB group.
There were no significant differences between two groups
in the gender, average age, the cause of ESRD, eGFR, he-
moglobin levels, uric acid levels, cardiovascular disease,
and weekly Kt/v urea. Compared with the high ALB group,
the low ALB group had a greater number of DM cases.
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Table 1. Clinical parameters of patients on continuous ambulatory peritoneal dialysis

Parameters Total (n = 149) Low ALB group High ALB group p value
(ALB <35 g/L) (n = 88) (ALB 235 g/L) (n = 61)

Sex, male/female 91/58 58/30 33/28 0.15
Age, years 48.5+16.3 49.6+15.8 47.0+17.1 0.34
Primary renal disease 0.15

Diabetes mellitus 17 (11.4) 14 (15.9) 3(4.9)

Hypertension 20 (13.4) 11 (12.5) 9(14.8)

Glomerulonephritis 105 (70.5) 59 (67.1) 46 (75.4)

Other 7 (4.7) 4(4.5) 3 (4.9)
eGFR, mL/min/1.73 m? 5.4+2.1 5.5+2.1 5.2+2.1 0.55
Diabetes mellitus 22(14.8) 19 (21.6) 3(4.9) 0.01
Cardiovascular disease 32 (21.5) 23 (26.1) 9(14.8) 0.09
Hemoglobin, g/L 74.9+15.3 73.7+13.9 76.8+17.1 0.22
UA, umol/L 516.9+146.9 508.8+130.7 528.6+168.1 0.43
Ca, umol/L 1.9+0.3 1.9+0.2 1.9+0.3 0.34
P, pumol/L 2.1+£0.8 2.0+£0.8 2.2+0.8 0.16
ALB, g/L 34.2+5.7 30.7£3.3 39.2+4.5 <0.001
Weekly Kt/v urea 2.1+0.3 22404 2.1£0.3 0.13
D/P Cr 0.03

High 20 (13.4) 8(9.1) 12 (19.7)

High-average 58 (38.9) 40 (45.5) 18 (29.5)

Low-average 57 (38.3) 29 (32.9) 28 (45.9)

Low 14 (9.4) 11 (12.5) 3(4.9)

Data are presented as 1 (%) or mean + standard deviation). ALB, albumin; eGFR, estimated glomerular filtration rate; UA, uric acid;

Ca, calcium; P, phosphate; D/P Cr, dialysate/plasma creatinine.

1.0 4 Albumin >35 g/L

o
[eS)
1

Albumin <35 g/L

o o
N [e))
1 1

o
nNo
1

Cumulative probability of survival

0+ log-rank = 7.33, p = 0.007
T T T

T
0 12 24 36
Follow-up time, months

Fig. 1. Kaplan-Meier analysis of survival in 149 continuous ambu-
latory peritoneal dialysis patients (low ALB group vs. high ALB

group).
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The Influence of Serum ALB at Start of PD on Patient

Survival in CAPD Patients

During the 3-year follow-up, 25 of 149 CAPD patients
died, the causes of death were cardiovascular disease (15,
60%) and sepsis (10, 40%). Kaplan-Meier survival analy-
sis was used to analyze the cumulative survival rate of the
patients on CAPD. The cumulative survival rates at 1, 2,
and 3 years were 95.7, 87.9, and 79.4%, respectively.

Kaplan-Meier survival analysis was used to compare
the patient survival between the low ALB group and the
high ALB group. Figure 1 shows that the cumulative sur-
vival rates in the high ALB group at 1, 2 and 3 years were
98.3, 92.8, and 89.2%, respectively, while the cumulative
survival rates in the low ALB group at 1, 2, and 3 years
were 93.9, 84.3, and 71.4%, respectively. The 3-year cu-
mulative mortality in the low ALB group was significant-
ly higher than that in the high ALB group (log-rank =
7.33, p = 0.007).

The Cox regression analysis showed that the low ALB
group had an increased risk for patient mortality with an
HR of 3.544 (95% CI 1.327-9.459, p = 0.012) in CAPD
patients compared with the high ALB group. After adjust-
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Fig. 2. Kaplan-Meier analysis of cardiovascular mortality in 149
continuous ambulatory peritoneal dialysis patients (low ALB
group vs. high ALB group).

ment for sex, age, eGFR, primary renal disease, DM, and
cardiovascular disease, the low ALB group still had an
increased risk for death with an AHR of 3.043 (95% CI
1.085-8.536, p = 0.034) in CAPD patients compared with
the high ALB group (Table 2).

Serum ALB at Start of PD Is a Predictor of

Cardiovascular Mortality in CAPD Patients

During the 3-year follow-up, 15 of 149 CAPD patients
had cardiovascular mortality. Kaplan-Meier survival
analysis was used to analyze the cumulative cardiovascu-
lar mortality of the patients on CAPD. The cumulative
cardiovascular mortality at 3 years was 12.1%.

Kaplan-Meier survival analysis was used to compare
the cardiovascular mortality between the low ALB group
and the high ALB group. Figure 2 shows that the camula-
tive cardiovascular mortality in the high ALB group at 3
years is 1.9%, while the cumulative cardiovascular mor-
tality in the low ALB group at 3 years is 20.5%. The 3-year
cumulative cardiovascular mortality in the low ALB
group was significantly higher than that in the high ALB
group (log-rank = 9.584, p = 0.002).

The Cox regression analysis showed that the low ALB
group had an increased risk for cardiovascular mortality
with an HR of 12.227 (95% CI 1.605-93.142, p = 0.016) in
CAPD patients compared with the high ALB group. After
adjustment for sex, age, eGFR, primary renal disease,
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Table 2. Multivariate Cox regression analysis of patient mortality

Variable AHR (95% CI) p

Albumin <35 g/L 3.043 (1.085-8.536) 0.034
Sex (male) 2.510 (0.939-6.714) 0.067
Age (years) 1.054 (1.019-1.090) 0.002
eGFR 0.857 (0.679-1.082) 0.194
Primary renal disease 1.180 (0.585-2.381) 0.643
Diabetes mellitus 0.575 (0.155-2.137) 0.408
Cardiovascular disease 2.007 (0.861-4.680) 0.107

eGFR, estimated glomerular filtration rate; AHR, adjusted haz-
ard ratio; CI = confidence interval.

Table 3. Multivariate Cox regression analysis of cardiovascular
mortality

Variable AHR (95% CI) p

Albumin <35 g/L 11.587 (1.466-91.574) 0.020
Sex (male) 2.834 (0.752-10.686) 0.124
Age (years) 1.045 (0.999-1.093) 0.054
eGFR 0.756 (0.549-1.039) 0.085
Primary renal disease 0.929 (0.385-2.240) 0.869
Diabetes mellitus 0.583 (0.114-2.975) 0.517
Cardiovascular disease 2.589 (0.902-7.433) 0.077

eGFR, estimated glomerular filtration rate; AHR, adjusted haz-
ard ratio; CI, confidence interval.

DM, and cardiovascular disease, the low ALB group still
had an increased risk for cardiovascular mortality with an
AHR 0f11.587 (95% CI 1.466-91.574, p = 0.020) in CAPD
patients compared with the high ALB group (Table 3).

Serum ALB at Start of PD and Technique Survival in

CAPD Patients

During the 3-year of follow-up, 58 of 149 PD patients
had technique failure, the causes of technique failure
were as follows: cardiovascular disease (28, 48.3%), peri-
tonitis (12, 20.7%), sepsis except peritonitis (10, 17.2%),
and other (8, 13.8%). Kaplan-Meier survival analysis was
used to analyze the cumulative technique survival rates
of the patients on CAPD. The cumulative technique sur-
vival rates at 1, 2, and 3 years were 87.9, 71.8, and 60.4%
respectively.

Kaplan-Meier survival analysis was used to compare
the technique survival between the low ALB group and
the high ALB group. Figure 3 shows that the cumulative
technique survival rates in the high ALB group at 1,2 and
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Fig. 3. Kaplan-Meier analysis of technique survival rates in 149
continuous ambulatory peritoneal dialysis patients (low ALB
group vs. high ALB group).

3 years were 91.8, 83.6, and 80.3% respectively, while the
cumulative technique survival rates in the low ALB group
at 1,2, and 3 years are 80.7, 63.6, and 46.6%, respectively.
The 3-year technique survival in the low ALB group was
significantly lower than that in the high ALB group (log-
rank = 17.218, p < 0.001).

Cox regression analysis showed that the low ALB
group had an increased risk for technique failure with an
HR of 3.639 (95% CI 1.885-7.023, p < 0.001) in CAPD
patients compared with the high ALB group. After adjust-
ment for sex, age, eGFR, primary renal disease, DM, and
cardiovascular disease, the low ALB group still had an
increased risk for technique failure with an AHR of 3.148
(95% CI 1.603-6.182, p = 0.001) in CAPD patients com-
pared with the high ALB group (Table 4).

Discussion

This research used a retrospective cohort study to ex-
plore the relationship between serum ALB at start of PD
and patient mortality, cardiovascular mortality, and tech-
nique survival in Anhui Han CAPD patients. The results
showed that after adjustment for sex, age, eGFR, primary
renal disease, DM, and cardiovascular disease, low serum
ALB at start of PD increased the risk of patient mortality,
cardiovascular mortality, and technique failure, which
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Table 4. Multivariate Cox regression analysis of technique failure

Variable AHR (95% CI) p

Albumin <35 g/L 3.148 (1.603-6.182) 0.001
Sex (male) 2.045 (1.116-3.747) 0.021
Age (years) 1.008 (0.989-1.028) 0.388
eGFR 0.924 (0.806-1.060) 0.258
Primary renal disease 1.008 (0.635-1.600) 0.974
Diabetes mellitus 0.983 (0.414-2.333) 0.969
Cardiovascular disease 2.013 (1.153-3.514) 0.014

eGFR, estimated glomerular filtration rate; AHR, adjusted haz-
ard ratio; CI, confidence interval.

was an independent risk factor for the long-term out-
comes in Anhui Han CAPD patients.

Previous studies have shown that serum ALB level was
an independent risk factor of patient mortality [1-9, 12]
and cardiovascular mortality [1-3] in PD patients. Serum
ALB was also associated with cardiovascular death in the
general population and the patients with chronic kidney
disease [13-15]. In this study, the 3-year cumulative pa-
tient mortality and cardiovascular mortality of the low
ALB group were significantly higher than that of the high
ALB group. Compared with the high ALB group, the low
ALB group had an increased risk of mortality (AHR
3.043,95% CI 1.085-8.536, p = 0.034) and cardiovascular
mortality (AHR 11.587, 95% CI 1.466-91.574, p = 0.020)
in CAPD patients after adjustment for sex, age, eGFR,
primary renal disease, DM, and cardiovascular disease.
The risk of cardiovascular mortality with low serum ALB
level was greater than that of patient mortality, which sug-
gested that low serum ALB may increase the risk of pa-
tient death by increasing the risk of cardiovascular death.

However, the reasons why low serum ALB increased
the risk of cardiovascular mortality in patients on PD,
may be as follows: (1) serum ALB is merely a reactivity
index, the clinical state of severe inflammation [16], blood
volume expansion [17], malnutrition [15], and liver func-
tion injury [18] would lead to low serum ALB and a poor
prognosis of patients. (2) Serum ALB itself has an effect
on the prognosis of PD patients: the colloid osmotic pres-
sure can be reduced in the case of hypoalbuminemia,
which can aggravate pulmonary congestion [19], while
the pulmonary congestion is significantly associated with
adverse outcomes in patients with cardiovascular disease
[20]. Serum ALB is widely involved in the process of an-
tioxidant and damage repair [21-22]. When the serum
ALB decreases, these protective effects can be greatly re-
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duced, which increases the risk of cardiovascular death.
In this study, in addition to serum ALB, advanced age also
increased the risk of all-cause mortality in patients on PD.
This may be related to a variety of complications associ-
ated with age, especially cardiovascular disease.

Several studies indicated that serum ALB was a sig-
nificant risk factor associated with technique failure [4-
6]. The findings of our study, similar to most studies on
technique failure, showed that serum ALB was an inde-
pendent risk factor for technique failure in CAPD pa-
tients. In addition, males had an increased risk for tech-
nique failure in our findings. This is similar to the results
of Kitterer et al. [23]. But many other studies have shown
that gender had nothing to do with the technique failure
of PD [24-27]. The relationship between technique fail-
ure and gender still needs further research.

This research was a single-center observational retro-
spective cohort study, which discussed the relationship
between the serum ALB level at start of PD and the long-
term outcomes for Anhui Han patients on CAPD, but the
sample was small, follow-up duration was short, the pro-
portion of diabetic nephropathy and elderly patients was
low, and there was a certain degree of error according to
a simplified MDRD formula to calculate the patient’s re-
sidual renal function. The results could not exclude the
influence of the changes of serum ALB level during 3
years, study time and survivor migration, and other con-
founding factors (such as social deprivation, dietary fac-
tors, medications history, alcohol consumption, and oth-
er risk behaviors during PD). And whether our research
findings can be generalized to other groups remains un-
certain. Therefore, the results of this study still need to be
further confirmed.
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