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OBSERVATIONAL STUDY

Trajectories of Serum Albumin Predict Survival of Peritoneal
Dialysis Patients

A 15-year Follow-Up Study

Ping-Fang Chiu, MD, Chun-Chieh Tsai, MD, Chia-Lin Wu, MD, Tse-YenYang, PhD,
Hung-Hsiang Liou, MD, Hung-Lin Chen, RD, Chew-Teng Kor, PhD, Chia-Chu Chang, MD,
and Horng-Rong Chang, MD, PhD

Abstract: Although initial serum albumin level is highly associated
with overall and cardiovascular mortality in peritoneal dialysis (PD)
patients, we consider that the dynamic change and trend of albumin after
initiation of PD are also essential.

We enrolled patients who received PD for more than 3 months from
January 1999 to March 2014. We categorized these patients into 2
groups by the difference in serum albumin level (Aalbumin = difference
between peak with initial albumin level = peak albumin level — initial
albumin level) after PD. The patients with Aalbumin < 0.2 g/dL (median
level) were considered as group A (n, number =238) and those with
Aalbumin >0.2 g/dL were considered as group B (n = 278). Further, we
stratified these patients into quartiles: Q1 Aalbumin < —0.2 g/dL; Q2,
—02 =~<02g/dL; Q3, 02=~<0.6g/dL; and Q4, >0.6g/dL.
Regression analysis was performed to determine the correlation of
initial albumin and Aalbumin.

Group A patients presented with higher levels of serum albumin
(3.714+0.54 vs 3.04 £ 0.55 g/dL; P < 0.001) and hematocrit as well as
better initial residual renal function. However, those in group A had
lower serum albumin increment and downward-sloped trends after
dialysis. In contrast, the albumin trend was upward sloped and the
increment of albumin was remarkable in group B, despite the high
prevalence of cardiovascular diseases and diabetes. Overtime, group A
patients had poorer survival and experienced more frequent and longer
hospitalizations. Group Q1 patients with least albumin increment had
worst survival. Group Q4 patients with lowest initial albumin also had
poor survival. Age, diabetes, cardiovascular diseases, BMI, initial
albumin, and Aalbumin could affect patient outcomes independently.
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Regression analysis showed a better outcome can be obtained if the
initial albumin level is at least above 3.15g/dL. (Initial albumin
level = —0.61 x Aalbumin + 3.50.)

The increment and trend of albumin especially during early period
of PD may be a more crucial determinant for survival.

(Medicine 95(12):¢3202)

Abbreviations: BMI = body mass index, CKD = chronic kidney
disease, HR = hazard ratio, PD = peritoneal dialysis.

INTRODUCTION

S erum albumin level and nutritional status are important
survival determinants and indicators for patients receiving
hemodialysis or peritoneal dialysis (PD)." In patients receiving
PD, the initial serum albumin levels are closely related to
cardiovascular mortality,>® PD technique survival, and per-
itonitis rate.>® Serum albumin levels also reflect conditions,
including inflammation,” dialysis adequacy, residual renal func-
tion,®? and volume status in PD patients.'®

Lower protein diet is widely applied to slow renal
deterioration in patients with chronic kidney disease (CKD),
and malnutrition may not occur in patients who follow a well-
planned diet as observed in a study.ll However, patients with
CKD stage 5 are frequently malnourished, which is caused
because of dietary protein over-restrictions by patients’ them-
selves.'? Ideally, dialysis modality corrects uremia and meta-
bolic acidosis and improves nutrition. The serum albumin level
will rise to a steady state gradually'? and achieve the peak level.
It has been demonstrated that the changes of albumin level in the
fixed postdialysis period were associated with the survival of
patients receiving PD.'* After the inflection point of peak
albumin and with ongoing dialysis, the albumin level will
decline progressively because of various reasons, for example,
worsening renal reserve and decreasing dialysis adequacy and
increasing uremia and dialysis complications including infec-
tious and cardiovascular diseases.'>

Although the initial serum albumin level is important to
predict outcomes in patients receiving PD, we assume that the
dynamic change and trend in albumin level may reflect the
status of PD more accurately. The correlation between the initial
and dynamic changes of serum albumin should also be com-
prehended. Furthermore, we also try to find the critical level of
albumin for better outcome obtained after initiation of PD.

METHODS

We enrolled all patients receiving PD for more than 3 months
between January 1999 and March 2014 in Changhua Christian
Hospital. Those who had incurable malignancy before dialysis,
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kidney transplantation, advanced liver cirrhosis (Child—Pugh
score > B), and died from accidents were excluded. Basic charac-
teristics of the patients including serum albumin levels and other
biochemical test, associated comorbidities, peritoneal equili-
bration test, dialysis adequacy, and residual renal clearance were
collected and analyzed. The impactions of serum albumin on the
patients’ survival were investigated separately following PD
initiation, during PD steady state (peak albumin level), and
end of PD. In addition, we categorized these patients into 2
groups based on the median level of the increment in serum
albumin (Aalbumin = difference between peak with initial albu-
min level = peak albumin level — initial albumin level) following
initiation of PD. In this study, we analyzed the effect of various
cut-points on mortality risk using same adjusted Cox PH
regression model as Table 2. Results revealed that significance
reduces mortality risk (adjusted hazard ratios [HRs] were 0.53—
0.64) if Aalbumin cut-point was setup at between —0.4 and +0.2,
and these adjusted HR were consistent (heterogeneity test:
12=0%, P =0.992). However, if the cut-point was setup at below
—0.5 and above 0.3, there were no significance effects on
mortality. Therefore, value +0.2 (the median value of Aalbumin
at the same time) was chosen as the cut-point for grouped patient.
Group A included patients with Aalbumin <0.2 g/dL, and group
B included patients with Aalbumin >0.2 g/dL.

Furthermore, in order to clarify the correlation of initial
levels and increment of albumin, these patients were stratified
into quartiles according to Aalbumin: quartile 1 (Ql)
Aalbumin < —0.2 g/dL; quartile 2 (Q2), —0.2 <~ <0.2 g/dL;
quartile 3 (Q3), 0.2 =~ <0.6 g/dL; and quartile 4 (Q4), >0.6 g/
dL. The HRs were computed and compared with Q1 group. The
distribution of primary renal diseases, comorbidities, education
level, occupation, and baseline characteristics were also com-
parable between these 4 groups. Major events requiring hospi-
talization occurring after initiation of PD were also surveyed.
Bromocresol purple dye method was adopted for laboratory
albumin measurement. To improve the quality of reporting in
observational studies, the manuscript was organized in a manner
compliant with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology statement.'® The patient flow
chart is shown in Figure 1, which includes the number of
patients recruited and excluded from the study. The approval
of the Institutional Review Board of the Changhua Christian
Hospital was obtained (IRB No.140516).

Statistical Analyses

The continuous and categorical variable differences
between the groups were analyzed using the Student’s -test,
Mann—Whitney U-test or Chi-squared test. A linear mixed model
was used to analyze the continuous change in serum albumin
level. The P values for trend were calculated by the Jonckheere—
Terpstra test to assess linear trends across varying time. Kaplan—
Meier estimation and log-rank test were performed for survival
analysis. Cox proportion hazard regression analysis was also
conducted to assess the possible confounding factors. HRs and
95% confidence interval were calculated in these models. Linear
regression analysis was carried out for determining the corre-
lation of initial albumin and albumin difference. All statistical
analyses were performed by using the SAS statistical package
(version 9.4 for Windows; SAS Institute, Inc., Cary, NC).

RESULTS

A total of 516 patients (278 females, 238 males) were
included in the study. The baseline characteristics of all the
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patients are shown in Table 1. The initial albumin level of all the
patients was 3.35+0.64 g/dL, the peak albumin level was
3.74+0.34¢g/dL, and the end-PD albumin level was
2.92+0.74 g/dL. The mean albumin levels at different time
points, including initial, peak, and end of PD, were related to
final survival (HR = 0.62, 0.34, and 0.57, respectively). Group
A included 238 patients with Aalbumin < 0.2 g/dL, and group B
included 278 patients with Aalbumin> 0.2 g/dL. The time-
lapsed median levels of albumin for groups A and B are
separately shown in Figure 2. Baseline value between group
A and B were significantly different. However, this statistic
difference disappeared at year 1, the peak, and turning point of
albumin trajectory. From 0 to 1 year, group B had an upward
slope, but not for group A. The slope of group B was signifi-
cantly greater than that of group A. The P for trend was also
significant in group B. After 1 year, both groups had decreased
trends with significant P for trends. But their slopes were not
significantly distinct.

The initial mean albumin levels were 3.71 £0.54 g/dL in
group A patients and 3.04+0.55g/dL in group B patients
(P <0.001, Table 1). Nevertheless, group A had less albumin
increment after initiation of PD. At the end of PD, the group A
patients had lower serum albumin levels due to PD termination
or mortality (Table 1). In contrast, group B patients had more
increment of albumin. After adjustment using multivariate
analysis, group B patients had superior survival. A Cox
regression model was used to estimate the HR, so as to identify
the factors, namely older age, preexisting diabetes, cardiovas-
cular diseases, body mass index (BMI), initial albumin, and
Aalbumin, could affect patient outcomes independently
(Table 2). However, initial increase or worsening of albumin
after PD initiation 3 months could not affect the
patients’ survival.

The rate and duration of hospitalization from initiation to
steady PD state were analyzed and are presented in Table 3.
Overall, the hospitalization rate was highest during the 1st year
(61%) after PD initiation. The rate diminished later but
increased again in the 5th year after initiation of PD (29.4%,
20.2%, 14.6%, 12.1%, 16.6%; 2nd—5th year, respectively).
Group A patients underwent more and longer hospitalizations
in early PD period (Table 3). Hospitalizations were resulted due
to various causes, including cardiovascular disease, cerebro-
vascular disease, infection, and mechanical problems (catheter
migration or obstruction, abdominal hernia, dialysate leakage,
etc.). There was no significant difference of the attributed cause
of hospitalization between the 2 groups. When compared with
group A, group B patients also stayed longer in PD (Table 1).

After further stratification of these patients into quartiles
based on Aalbumin, the baseline characteristics were compar-
able between these 4 groups with exception of age and initial
albumin level. Group Q1 patients were the oldest and Q4
patients were the youngest (Q1: 59.2 +14.6, Q2: 56.0 £ 16.1,
Q3:51.6+14.5, and Q4: 49.1 £ 14.7 year-old; P < 0.001). The
initial serum album levels of 4 groups are, respectively,
described as follows: group QI: 3.774+0.59¢g/dL, Q2:
3.63+049¢g/dL, Q3: 3.304+0.52g/dL, and Q4:
2.824+0.49 g/dL, P < 0.001. The risk curve of plot for mortality
was drawn as shown in Figure 3. When compared with Q1
patients, the HR was reduced in groups Q2 and Q3 (Figure 4).
For Q4 patients, the benefit for survival from albumin gain was
no longer maintained. The correlation of initial albumin and
Aalbumin was computed and is demonstrated in Figure 5. The
formula was: initial albumin level = —0.61 x Aalbumin + 3.50.
For a uremic patient considering PD as renal replacement

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Overall Characteristics of Peritoneal Dialysis Patients

Total AAlbumin < 0.2 AAlbumin > 0.2
(n=>516) (n=238) (n=278) P Value
Basic variables
Age, years 52.74 15.42 55.65 15.77 50.24 14.68 <0.001"
Gender (male%) 238 46.10% 99 41.60% 139 50% 0.06
Primary disease
CGN' 138 26.70% 66 27.70% 72 25.90% 0.64
Diabetes' 162 31.40% 65 27.30% 97 34.90% 0.06™
Hypertensive nephropathy' 91 17.60% 39 16.40% 52 18.70% 0.49
PKD! 7 1.40% 8 2.50% 1 0.40% 0.01
SLEf 17 3.30% 6 2.50% 11 4.90% 0.36
CTIN' 34 6.60% 21 8.80% 13 4.70% 0.06
Associated disease
Cardiovascular 240 46.5% 100 42.0% 140 50.4% 0.058™
Laboratory examinations*
Initial albumin, g/dL 3.35+0.64 3.71+0.54 3.04+0.55 <0.001
End albumin, g/dL 2.92+0.74 2.84+0.74 2.99+0.73 0.02*
GFR, mL/min 5.1+2.58 5.04+2.35 5.15+2.77 0.62
Cr, mg/dL 11.35+£5.24 10.83 £4.37 11.8+5.87 0.04*
BUN, mg/dL 104.9 +£44.83 104.25+41.54 105.44 +47.53 0.77
Glucose (fasting), mg/dL 138.83 +81.97 132.09+71.11 144.22 £ 89.51 0.14
Cholesterol, mg/dL 176.09 +54.12 171.67 +44.59 179.49 £+ 60.32 0.14
Triglyceride, mg/dL 142.88 +90.5 132.58 +84.98 150.95 +93.98 0.04*
Uric acid, mg/dL 8374255 8.19+2.26 8.53+2.78 0.17
Hematocrit, % 25.17+4.54 25.634+4.33 24.77 +£4.69 0.03*
Na, mEq/dL 135.2+4.89 135.1+4.85 135.29+4.94 0.67
K, mEq/dL 4.23+0.8 4.22+0.77 4.25+0.83 0.66
Ca, mg/dL 791+1.1 8.14+1.08 7.72+1.08 <0.001%
P, mg/dL 6.36+2.24 6.184+2.22 6.524+2.25 0.09
ALT, U/L 24.24 +£47.64 24.89 +54.97 23.75+41.29 0.82
iPTH, pg/mL 358 +£292 346 +287 369 +296 0.40
DPL, g/day 2.82+1.93 2.73+1.92 2.93+1.95 0.71
KT/V_RRF 0.54+0.44 0.554+0.43 0.4540.44 0.02
KT/V_PD 1.48 +£0.41 1.43+0.39 1.52+041 0.02
KT/V_TOTAL 1.97 +0.46 1.98 +0.47 1.97+0.45 0.76
nPNA, g/kg/day 0.98 +£0.29 0.97+0.31 0.98 +0.28 0.75
Technique
APD, % 119 23.1% 50 21.0% 69 24.8% 0.29
PET
High 67 13.0% 26 10.9% 41 14.7% 0.68
High average 242 46.9% 115 48.3% 127 45.7%
PD failure (shift to HD) 170 32.7% 79 33.2% 91 32.7% 091
PD duration, months 40.03 +32.96 36.22 £32.12 43.28 +33.38 0.02"

All data were presented as mean & SD or percentage (%). *P<0.05, "*P<0.1. ALT = alanine aminotransferase, APD = automated peritoneal
dialysis, T =aspartate aminotransferase, BUN =blood urea nitrogen, CGN = chronic glomerulonephropathy, CTIN = chronic tubulointerstitial
nephropathy, DPL = daily protein loss, GFR = glomerular filtration rate, KT/V = dialysis adequacy, nPNA = normalized protein nitrogen appearance,
PET = peritoneal equilibrium test, PKD = polycystic kidney disease, RRF =residual renal function, SD = standard deviation, SLE = systemic lupus

erythematosis.
TChi-square test.
i‘ Student’s t-test.
¥ Calcium level: not corrected as albumin.

therapy to obtain the better survival benefit from albumin gain,
the lowest initial albumin level is not less than 3.15 g/dL.

DISCUSSION

Serum albumin level represents the sum of protein and
calorie intake, dialysis adequacy, peritoneal and renal albumin

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

loss, concurrent illness, and underlying systemic disease.
Previous longitudinal studies also showed that lower initial
serum albumin levels are associated with cardiovascular disease
in the general population.'”'® Albumin levels at the beginning
of dialysis also affect the PD patients’ survival.” In our study,
albumin levels at different time points, including at the begin-
ning, steady state, and at the end of PD, are associated to overall
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TABLE 2. Cox Proportional Hazard Regression: Hazard Ratio of Variables and Survival

Multivariate Analysis

Multivariate Analysis With
Backward Elimination

Variable HR 95% CI P-Value HR 95% CI1 P-Value
Basal serum albumin 0.25 0.17-0.37 <0.001" 0.25 0.17-0.37 <0.001"
AAlbumin 0.33 0.22-0.51 <0.001" 0.30 0.21-0.44 <0.001"
Initial increase vs initial decrease of serum albumin 0.84 0.52-1.34 0.458 - - -
Age 1.04 1.03-1.06 <0.001" 1.04 1.03-1.06 <0.001*
Sex, male 0.83 0.58-1.19 0.311 - - -
BMI 0.95 0.91-1.00 0.057 0.95 0.91-0.996 0.032*
CVD 2.93 1.89-4.53 <0.001" 2.88 1.86—-4.45 <0.001"
DM 1.63 1.10-2.41 0.015" 1.68 1.14-2.48 0.009

AAlbumin = difference between peak with initial albumin level; Aalbumin was a continuous covariate. Basal serum albumin = patients’ serum

albumin as PD initiation Initial increase of serum albumin = serum albumin slope >0 after PD initiation 3 months.

Initial decrease of serum albumin = serum albumin slope <0 after PD initiation 3 months. “P < 0.05. BMI = body mass index, CI = confidence
interval, CVD = cardiovascular disease, DM = diabetes mellitus, HR =hazard ratio, PD = peritoneal dialysis.

survival as well. The finding is consistent with our belief, but
nevertheless, the peak level of albumin seemed to be more
relevant for patients’ outcome. It implied that the trend or
increment of albumin is worthwhile to be investigated.

In our study, groups A and B patients have similar albumin
trajectory after achieving peak level of serum albumin. How-
ever, there is quite different in the initial albumin trends and
slopes between the 2 groups. Group A patients had higher initial

636 patients receiving PD from
January 1999 to March 2014

ts with PD < 3 moths

37 pati

Y

599 PD patients more than 3 moths

Died from accident n=35

Visceral malignancy n=14
> Kidney transplant n==53

Liver cirrhosis

(Child-Pugh class > B) n=9

Incomplete data n=2

Total patients recruited (n = 516)

[\

Group A (n=238) Group B (n=278)
Aalbumin < 0.2 g/dLL Aalbumin = 0.2 g/dL.

FIGURE 1. Participant flow diagram depicting the screening/
enrollment process.
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albumin level, hematocrit, better residual renal function, but got
lower increment in albumin levels after PD. In contrast, the
group B patients had initial lower albumin levels but gained
steady increase following PD initiation and achieved higher

g/dL
39
38
37
36
35
34
33
32
31
3
29

2.8

oM 3M 6M 9M 1Y 2y 3¥ 4y 5Y 6Y 7Y 8 9Y 10Y 11Y

—=+Group A -+Group B
—

N= 238 238 226 212 180 130
(period) 238 278 274 267 249 188

10s 78 52 37 23 16 14 8 4
139 104 84 56 39 29 23 14 8

FIGURE 2. Trends of median values of albumin illustrated after
initiation of peritoneal dialysis (PD). Dash line indicates the turning
point of trajectory. At year 1, the peak level of serum albumin
achieved after PD. Baseline value between group A and B were
significantly different (3.8 vs 3.0 g/dL; P<0.001?%). However, the
difference of value disappeared at 1 year (3.7 vs 3.8g/dL;
P=0.09%). From 0 to 1 year, group B had an upward slope,
but not for group A. Comparing to group A, the slope of group
B was significantly greater (—0.1 vs +0.6 g/dL/year; P<0.001°).
The P for trends was 0.067 and <0.001¢ in group A and B,
respectively. After 1 year, both groups had decreased trends with
significant P for trends (0.012° vs 0.001°). Their slopes were not
significantly distinct as well (-0.07 vs —0.09g/dL/year;
P:0.37b). a, calculated by Mann-Whitney U-test; b, calculated
by linear mixed model; and ¢, calculated by Jonckheere—Terpstra
test.
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TABLE 3. Duration and Causes of Hospitalization During the
Designated Period

Group A Group B P-Value'

Numbers 126 (52.9%) 108 (38.8%) 0.001"
Duration, days 13.9+£21.4 7.8+£10.9 0.002"
Cause

CVA/CVD 12 6% 18 10.1% 0.29

Infection 88 41% 63 35.4% 0.42

Mechanical 35 16.2% 31 17.4% 0.82

Others 66 30.5% 66 37.1% 0.32

All data were presented as mean =+ standard deviation or percentage
(%). *P <0.05. CVA = cerebrovascular accident, CVD = cardiovascular
disease.

"The P values were calculated using the Chi-square test.

increments and peak of albumin finally. Overtime, group A
patients had poorer survival. We also found a high risk for
hospitalization during the early PD period. They experienced
deteriorative course and encountered more frequent hospitaliz-
ations during this designated period, especially elder patients.
Group B patients had superior survival eventually, even though
they had higher prevalence of cardiovascular disease and
diabetes. The result is also valid after adjustment of several
confounding factors which influencing patients’ survival
including age, cardiovascular disease, and diabetes. Moreover,
the higher prevalence of cardiovascular and diabetes may
account for end-stage renal disease in group B patients at a
younger age.

Protein—energy malnutrition always develops during the
course of CKD. Patients with advanced CKD spontaneously
reduce their mean protein and energy intake.'® For patients with
CKD stages 3—5, strict protein control is advised to slow renal
disease progression, decrease serum potassium and phosphate,
and reverse metabolic acidosis.”’ Upon dialysis initiation and
stabilization, the %eneral condition and nutritional status con-
stantly improve.?’ Almost several months after dialysis, the

070 Ql: <02
Q2:-0.2-02
Q3:0.2-06
o0 Q406
—s log-rank p-value=0.010
050
0.40~
= 030~
020
0.10-
0.00~
| — T T R . R L L.
12 24 36 48 60 T 84 9 108 120 132 144 156 168
follow- up time (month)
Number at risk
QL 120 82 61 48 3 1» 13 8 & 5 4 3 2 1 1
Q s 91 6 5 38 27 15 12 7T 4 2 1 1 0 0
Q3 128 103 7 53 40 33 24 16 12 s 4 2 2 0 0
Qd: 150 132 102 M M 48 3N 17 12 0 6 3 1 0 0

FIGURE 3. Risk curve of quartile as albumin difference (Aalbu-
min). Groups Q1 patients with least albumin increment and Q4
patients with lowest initial albumin had poor survival after PD
initiation when compared with groups Q2 and Q3.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

steady state and peak serum albumin level are achieved. How-
ever, some patients had experienced adverse events due to
various illnesses during their early dialysis period. These
unfortunate situations counterbalance the benefits from dialysis.
Mechanical problems such as catheter migration and dialysate
leakage, dialysis-related or -unrelated infections, and psycho-
social and emotional instability may occur during the early PD
period. Hence, both improvements and deteriorations may
occur among patients receiving PD. Nevertheless, the
advantage from increments of albumin will be limited if there
is excessive malnutrition at the beginning. For a PD patient with
achievement of maximal albumin gain (0.6 g/dL) after PD, if
better survival will be obtained, the lowest initial albumin level
is 3.15g/dL.

The impact of age on patients’ survival should be further
clarified. In clinical practice, it is often that younger PD patients
may have more major comorbidities, which lead to uremic state
in their youth. However, they have more potential to gain
benefit from dialysis and avoid adverse events resulting from
superior self-caring ability. However, very low albumin status
that represents poor general condition restricts the improvement
even though the patients might be of a younger age. Age,
comorbidity, and initial levels and increment of albumin all
contribute to patients’ survival, despite their close correlation.
The impact of increment of albumin still exactly existed after
adjustment in the multivariate analysis. BMI is also a con-
founding factor on mortality in dialysis patients. Interestingly,
patients with higher BMI had lower mortality trend in our study.
It is regarding as ‘‘reverse epidemiology’’ and consistent with
most studies in hemodialysis population >

In addition to a nutritional marker of serum albumin level,
there are many factors that contribute to hypoalbuminemia:
inflammation/infection and oxidative stress,23 24 uremia
toxicity, hyperparathyroidism,? fluid overload, renal or perito-
neal albumin loss, metabolic acidosis, psychosocial factors,
dysregulation of anorexigenic hormones leptin and ghrelin,?
as well as resistance of insulin.?’ In patients undergoing PD,
protein intake greater than 0.94 g/kg/day favors improved nutri-
tional status and long-term outcomes.>® Our patients in the study
almost met the minimal daily protein requirement after dialysis.

The aim of this study was not to diminish the predictive
valve and the impact of albumin level, hematocrit, and residual
renal function on PD patients’ survival. On the contrary, well-
planned diet control in CKD stage 5 (for better initial albumin)
and continuously attentive care following PD (for better Aal-
bumin) should be stressed. According to Figures 3 and 4, the
least increment of albumin in Q1 group had highest mortality
after PD initiation. Consequently, the medical team should
make efforts to facilitate the patients’ health and avoid com-
plications and hospitalization during this vulnerable period.

Our study has some limitations. The study sample size was
relatively small, the analysis was single center retrospective, the
demographic studied was narrow, and the results cannot be
generalized. However, from this long cohort observation study,
it is worth mentioning that combined initial albumin level and
its gradient during the designated period are predictive for
outcomes. Possible biases including survival-related bias, rates
of mortality and hospitalization in individual hospital, various
causes of predialytic hypoalbuminemia, and modality of dialy-
sis may affect the outcomes. To limit the influences, we
excluded the patients with incurable cancer because the advan-
cing anticancer therapy in recent years and patients with severe
cirrhotic liver from its profound and rigid impact on serum
albumin. Moreover, risks of mortality and hospitalization in our
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FIGURE 4. Pairwise comparison of risk in quartile groups. When compared with Q1 patients, the hazard ratio was reduced in groups Q2
and Q3 separately. For Q4 patients, the benefit from albumin gain was no longer obtained. (The pairwise comparison across each quartile
of Aalbumin was performed by using Tukey’s method and the corresponding adjusted P-value was calculated.).

1ul

qre rent
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O
1.0- T T T T
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FIGURE 5. Scatter plot and linear regression. Correlation

with initial albumin versus Aalbumin. Initial albumin level=
—0.61 x Aalbumin +3.50 (R=0.57; P<0.001).

patients were close to others inquired from United States Renal
Data System.

In conclusion, serum albumin is critical and predictive for
patients’ survival, regardless of the dialysis state. Additionally,
the albumin increment and its trend after dialysis are also
important in this aspect. Therefore, by maintaining well-
planned diet control in CKD stage 5 and continuously compre-
hensive care following PD, the patients can ultimately have
better survival.
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