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Alkaline Phosphatase and Mortality in Patients on
Peritoneal Dialysis
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and Xiao Yang

Abstract
Background and objectives Elevated total serum alkaline phosphatase levels have been associated with higher
mortality in the general population, CKD patients, and hemodialysis patients. However, in peritoneal dialysis
patients, this association has received little attention. The aim of this study was to evaluate the association
between alkaline phosphatase and all-cause and cardiovascular mortality in peritoneal dialysis patients.
Design, setting, participants, & measurements In this single center retrospective cohort study, 1021 incident
peritoneal dialysis patients from January 1, 2006, to December 31, 2010 with baseline serum alkaline phosphatase values
were enrolled. Collected baseline data included demographic characteristics and clinical and laboratory measurements.
All patients were followed until December 31, 2012. The associations of total serum alkaline phosphatase levels with allcause and cardiovascular mortality were assessed using multivariable-adjusted Cox models.
Results Of 1021 patients, mean age was 47.5 (615.5) years, 59.1% of patients were men, and 22.8% of patients
were diabetic. The median serum alkaline phosphatase level was 64 U/L (interquartile range=52–82 U/L).
During a median 31-month (interquartile range=19–45 months) follow-up period, 203 patients died, of which 109
deaths were caused by cardiovascular disease. After adjusting for demographics, comorbid conditions, liver
function, and bone metabolism parameters, the highest alkaline phosphatase quartile was signiﬁcantly associated with a hazard ratio for all-cause mortality of 1.70 (95% conﬁdence interval, 1.06 to 2.74, P=0.03) and a hazard
ratio for cardiovascular mortality of 1.94 (95% conﬁdence interval, 1.02 to 3.72, P=0.04). Each 10 U/L higher
baseline alkaline phosphatase level was associated with 4% (95% conﬁdence interval, 1.00 to 1.08, P=0.04) and 7%
(95% conﬁdence interval, 1.02 to 1.11, P=0.003) higher risk of all-cause and cardiovascular mortality, respectively.
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Conclusion Higher total serum alkaline phosphatase levels at the commencement of peritoneal dialysis were
independently associated with all-cause and cardiovascular mortality in peritoneal dialysis patients.
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Introduction
Alkaline phosphatase (ALP) is a hydrolytic enzyme
responsible for removing phosphate groups from many
types of molecules. As a commonly collected laboratory
measure in CKD patients, ALP is usually used as a
biomarker of high-turnover bone disease. Emerging
evidence suggests that ALP might be not only a marker
of bone metabolism but also, a pathogenic factor in the
general population and CKD patients associated with
higher risk of mortality. Data from the National Health
and Nutrition Examination Survey (NHANES) database
show a graded independent association between higher
ALP levels and mortality in the general population (1).
In nondialysis-dependent CKD patients, higher ALP
levels were associated with higher risk of ESRD and
all-cause mortality (2–4). Similarly, in maintenance hemodialysis (HD) patients, elevated ALP levels were also
associated with higher risk of mortality, independent of
liver function and bone metabolism parameters (5–7).
Recently, Pelletier et al. (8) found that bone microarchitecture is more severely affected in patients on
www.cjasn.org Vol 9 April, 2014

HD than patients receiving peritoneal dialysis (PD)
using high-resolution quantitative computed tomography. Additionally, a cross-sectional study in China
found that mineral and bone disorder (MBD) in PD
patients is not as serious as in HD patients (9). However, whether a similar association between ALP and
mortality also exists in PD patients is unknown. We
hypothesized that higher total serum ALP levels are
associated independently with higher risks of allcause and cardiovascular mortality in PD patients.
Therefore, we conducted this longitudinal cohort
study to evaluate the relationship between ALP level
and all-cause and cardiovascular mortality in PD patients followed up at our PD center.

Materials and Methods
Study Population and Data Collection
We studied all incident patients who used PD as
their ﬁrst RRT modality and were followed up at the
PD center of The First Afﬁliated Hospital, Sun Yat-sen
Copyright © 2014 by the American Society of Nephrology
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University, Guangzhou, China from January 1, 2006, to
December 31, 2010. Inclusion criteria were age$18 years at
the start of PD and survival for at least 90 days from the
ﬁrst PD therapy. The patients who were catheterized in
other hospitals, transferred from permanent HD, or failed
renal transplantation were excluded in this study. The
study was conducted in compliance with the ethical principles of the Helsinki Declaration (http://www.wma.net/
en/30publications/10policies/b3/index.html) and approved by the Human Ethics Committees of Sun Yat-sen
University. As a part of a larger cohort study, written informed consent was obtained from all participants.
All patients were followed up until cessation of PD,
death, or December 31, 2012. Baseline demographic data
included age, sex, primary cause of ESRD, and presence of
diabetes and cardiovascular disease (CVD). Clinical and
biochemical data at the initiation of PD included body mass
index, BP, medication use, hemoglobin, serum albumin,
serum creatinine, BUN, total cholesterol, triglycerides,
corrected serum calcium, phosphorus, intact parathyroid
hormone (iPTH), aspartate aminotransferase (AST), alanine
transaminase (ALT), ALP, and total bilirubin. All baseline
data were obtained during the ﬁrst 1–3 months of PD. The
ALP values around 6 months after initiation of PD were
also collected. Baseline residual renal function was assessed by eGFR using the Chronic Kidney Disease Epidemiology Collaboration creatinine equation. Cardiovascular
death, which was deﬁned as death caused by coronary
events, arrhythmias, sudden cardiac death, congestive
heart failure, or cerebrovascular events (10), was determined by the PD follow-up panel composed of PD primary nurses and professors. The comorbidity score was
determined according to the Charlson Comorbidity Index,
which is one of the most commonly used comorbidity
models (11). We adapted the guideline of the Kidney Disease Outcomes Quality Initiative for the evaluation and
treatment of MBD in the PD patients (12), and in recent
years, we have been managing our patients for their MBD
in accordance with the guideline of the Kidney Disease:
Improving Global Outcomes (13).
Statistical Analyses
Patients with measured ALP values were classiﬁed into
quartiles (Qs): Q1#52 U/L; Q2=53–64 U/L; Q3=65–81 U/L;
Q4$82 U/L. Participant characteristics were calculated by
Qs of ALP. Results were expressed as frequencies and
percentages for categorical variables, means and SDs for
normally distributed continuous variables, and medians
and interquartile ranges for continuous variables not normally distributed. Chi-squared, one-way ANOVA, or
Kruskal–Wallis tests were used to test for differences in
categorical or continuous factors among different categories of ALP. The correlations between ALP Q and inﬂammation, liver function, and bone metabolism parameters
were assessed by Spearman rank correlation analysis. Survival times were estimated from Kaplan–Meier curves,
and differences in survival probabilities among groups
were assessed using the log-rank test. The association between serum ALP levels and all-cause and cardiovascular
mortality was examined in Cox proportional hazards
models. The censored data included switching to HD, renal transplantation, moving to another center, declining

additional treatment, loss to follow-up, or still at our PD
center on December 31, 2012. The relationships between
ALP level and outcomes were evaluated by both continuous ALP and ALP Qs. Unadjusted associations were ﬁrst
examined followed by adjustments for age, sex, BP, 24-hour
urine output, comorbidity score, hemoglobin, and neutrophil to lymphocyte ratio (N/L) as well as serum albumin,
ALT, AST, and medication use, including angiotensinconverting enzyme inhibitors/angiotensin receptor blockers,
b-blockers, vitamin D analogs, and phosphate binders.
Next, corrected serum calcium, phosphorus, and iPTH levels
were added to examine whether the association of ALP with
mortality was independent of bone metabolism parameters.
Covariates with P,0.05 in the univariate Cox analyses or
thought to be related to ALP level were chosen for multivariate Cox proportional hazards regression. The results
were expressed as the hazard ratio (HR) and 95% conﬁdence interval (95% CI). All descriptive and multivariate
analyses were conducted using SPSS version 16.0 (SPSS,
Inc., Chicago, IL). A value of P,0.05 was considered statistically signiﬁcant.

Results
Baseline Patient Characteristics
In total, 1193 incident PD patients were catheterized at
our PD center, of whom 14 patients were younger than 18
years, 7 patients were transferred from failed renal transplantation, 36 patients were transferred from permanent
HD, and 62 patients were on PD less than 3 months. The
remaining 1074 patients were enrolled in this study. Of
1074 patients, 1021 patients had ALP measured at baseline
and were eligible for the present analysis (Figure 1). The
mean (6SD) age was 47.5615.5 years; 59.1% of patients
were men, and 22.8% of patients were diabetic. The primary cause of ESRD was chronic GN (60.3%) followed by
diabetic nephropathy (22.1%) and hypertension (6.6%). Almost all of the patients received continuous ambulatory
PD treatment, except two patients who used automated
PD. Conventional PD solutions (Dianeal 1.5%, 2.5%, or
4.25% dextrose; Baxter Healthcare, Guangzhou, China),
Y sets, and twin bag systems were used in all PD patients.
During the management of MBD of our patients, vitamin
D analogs were prescribed for 53.4% of patients, and calciumcontaining phosphate binders were prescribed for 60.1%
of patients. Very few patients used sevelamer carbonate
(4.6%) and lanthanum carbonate (1.2%). Before June 1,
2012, we prescribed both conventional PD solution (Ca2+
concentration=1.75 mmol/L) and physiologic calcium peritoneal dialysate (Ca2+ concentration=1.25 mmol/L) for our
PD patients according to the patients’ bone metabolism
condition. Since that time, however, only physiologic calcium peritoneal dialysate is available for all patients in our
center.
ALP Qs
Baseline serum ALP levels ranged from 4.2 to 447 U/L
(median=64 U/L, interquartile range=52–82 U/L,
mean=73 U/L), and 108 (10.6%) patients had ALP levels
outside the normal range in our laboratory (0–110 U/L).
Baseline characteristics of the patients by Qs of serum ALP
levels are shown in Table 1. Patients with higher ALP
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Figure 1. | The flow chart shows how patients were selected for the present study. ALP, alkaline phosphatase; HD, hemodialysis; PD,
peritoneal dialysis.

levels were older, were more likely to be diabetic, had
higher comorbidity score, had higher N/L, ALT, AST,
and iPTH levels, and had lower BP, serum creatinine,
and calcium levels (P,0.05) (Table 1). There were no signiﬁcant differences among groups in body mass index,
eGFR, medication use, hemoglobin, albumin, and serum
phosphorus levels (Table 1). Spearman rank correlation
analyses indicated that serum ALP levels positively correlated with C-reactive protein (CRP), N/L, ALT, AST, and
iPTH levels and negatively correlated with calcium and
phosphorus level (P,0.01) (Table 2). In a multivariate adjusted logistic regression model, higher age, lower calcium
level, lower phosphorus level, and higher iPTH level were
associated with higher ALP level ($82 U/L; P,0.05).
ALP, All-Cause Mortality, and CVD Mortality
The median follow-up period was 31 months (interquartile range=19–45 months). By the end of this study, 203
(18.9%) patients had died, 172 (16.0%) patients had received kidney transplantation, 83 (7.7%) patients had
transferred to HD, 58 (5.4%) patients had transferred
to other PD centers, 34 (3.2%) patients had been lost to
follow-up, and 12 (1.1%) patients had declined additional
treatment; the remaining 512 (47.7%) patients were still
followed at our PD center. Of 203 deaths, 109 (53.7%)
deaths were caused by CVD, 35 (17.2%) deaths were
caused by infectious disease, 7 (3.4%) deaths were caused
by malignancy, 7 (3.4%) deaths were caused by cachexia,
17 (8.4%) deaths were caused by other reasons, and 28
(13.8%) deaths had an unknown reason. Kaplan–Meier
estimates of all-cause and cardiovascular mortality for patients with different ALP levels are shown in Figure 2.
At the end of 1, 3, and 5 years, all-cause mortality was
5.9%, 15.9%, and 21.8%, respectively, in the Q1 group;
5.3%, 15.8%, and 28.6%, respectively, in the Q2 group;

5.8%, 18.4%, and 35.3%, respectively, in the Q3 group; and
6.5%, 24.2%, and 44.9%, respectively, in the Q4 group.
Compared with other three lower Qs, patient survival
rate was signiﬁcantly lower in the Q4 group (P=0.002) (Figure 2A). Cardiovascular mortality was 2.8%, 9.3%, and
10.5%, respectively, in the Q1 group; 2.2%, 8.1%, and
20.1%, respectively, in the Q2 group; 3.4%, 10.6%,
and 16.8%, respectively, in the Q3 group; and 4.6%, 14.1%,
and 28.1%, respectively, in the Q4 group. Similarly, patients
in Q4 group had the lowest cardiovascular survival rate
among the groups (P=0.02) (Figure 2B).
The association between baseline serum ALP levels and
all-cause and cardiovascular mortality is shown in Table 3.
There was signiﬁcant association between ALP$82 U/L
(Q4) and all-cause and cardiovascular mortality, even after
adjusting for liver enzymes and serum calcium, phosphorus, and iPTH (HR, 1.70; 95% CI, 1.06 to 2.74; P=0.03; HR,
1.94; 95% CI; 1.02 to 3.72; P=0.04, respectively). Association between baseline ALP level and all-cause and cardiovascular mortality was similar when we examined ALP
as a continuous variable. In the multivariable adjusted
model, each 10-U/L higher ALP level was associated
with a 4% higher hazard (95% CI, 1.00 to 1.08; P=0.04)
for all-cause death and a 7% higher hazard (95% CI, 1.02
to 1.11; P=0.003) for cardiovascular death. The follow-up
ALP values in 702 patients around 6 months after PD initiation were available (median=64 U/L, interquartile
range=52–78 U/L, mean=68 U/L) in time-depending analysis. During this period, 8.4% of patients used physiologic
calcium peritoneal dialysate, which has been added in the
multivariate adjusted model. After full adjustment, each
10-U/L higher ALP level was associated with an 8%
higher risk (95% CI, 1.01 to 1.15; P=0.02) and an 8% higher
risk (95% CI, 1.00 to 1.17; P=0.06) of all-cause and cardiovascular mortality, respectively (Table 3).
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Table 1. Baseline characteristics of individuals stratified by quartiles of baseline serum ALP level

Serum ALP (U/L)
Variable
Age (yr)
Men (%)
Body mass index (kg/m2)
Diabetes (%)
CVD (%)
Comorbidity score
24-hr urine output (ml)
eGFR (ml/min
per 1.73 m2)
Systolic pressure
(mmHg)
Diastolic pressure
(mmHg)
Hemoglobin (g/dl)
N/L
Albumin (g/dl)
Calcium (mg/dl)
Phosphorus (mg/dl)
iPTH (pg/ml)
Urea nitrogen (mg/dl)
Creatinine (mg/dl)
Total cholesterol (mg/dl)
Triglyceride (mg/dl)
ALT (U/L)
AST (U/L)
Total bilirubin (mg/dl)
Uric acid (mg/dl)
Vitamin D analog
use (%)
Phosphate binder
use (%)
ACEI/ARB use (%)
b-Blocker use (%)

P Value

#52 (n=271)

53–64 (n=243)

65–81 (n=253)

$82 (n=254)

44.7614.9
158 (58.3)
21.162.9
46 (17.0)
97 (35.8)
3.3361.85
1000 (500–1475)
5.63 (4.23–7.44)

45.1615.8
134 (55.1)
21.463.2
44 (18.1)
76 (31.3)
3.4961.88
900 (540–1200)
5.65 (4.39–7.54)

48.3614.9
169 (66.8)
21.563.0
71 (28.1)
89 (35.2)
3.7761.87
1000 (500–1500)
6.05 (4.62–8.08)

52.0615.3
142 (55.9)
21.463.0
72 (28.3)
105 (41.3)
4.2462.00
925 (500–1400)
5.99 (4.57–7.93)

,0.001a
0.03a
0.44
0.001a
0.13
,0.001a
0.47
0.11

140618

138619

139620

135623

0.03a

86614

86614

84614

82616

0.02a

8.9662.38
2.69 (1.85–3.72)
3.6360.54
8.8460.99
5.4161.89
238 (123–442)
110 (85–155)
8.9 (7.0–11.6)
193654
114 (82–166)
14 (9–19)
17 (14–23)
0.26 (0.20–0.32)
7.5361.81
62 (22.9)

9.2762.29
2.86 (2.03–4.07)
3.6760.52
8.8561.02
5.1861.65
238 (120–444)
113 (85–154)
8.7 (6.8–11.2)
192653
124 (90–187)
14 (10–22)
18 (14–23)
0.26 (0.19–0.34)
7.6961.84
55 (22.6)

9.0462.13
2.97 (2.13–4.07)
3.6660.53
8.7160.94
5.0761.62
286 (146–442)
115 (86–155)
8.4 (6.7–10.5)
191652
121 (86–165)
15 (10–23)
18 (14–23)
0.26 (0.20–0.35)
7.5461.76
66 (26.1)

9.2662.35
2.92 (2.23–4.32)
3.6560.56
8.5361.06
5.1461.78
342 (178–562)
115 (85–155)
8.1 (6.4–10.4)
190653
117 (84–166)
16 (11–25)
22 (15–30)
0.26 (0.20–0.34)
7.5461.99
63 (24.8)

0.32
0.03a
0.84
0.001a
0.08
,0.001a
0.98
0.01a
0.96
0.17
0.003a
,0.001a
0.93
0.74
0.77

92 (33.9)

88 (36.2)

97 (38.3)

100 (39.4)

0.58

123 (45.4)
73 (26.9)

110 (45.3)
67 (27.6)

122 (48.2)
75 (29.6)

115 (45.3)
66 (26.0)

0.89
0.82

ALP, alkaline phosphatase; CVD, cardiovascular disease; N/L, neutrophil to lymphocyte ratio; iPTH, parathyroid hormone; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
a
P,0.05 is considered statistically signiﬁcant.

Table 2. Correlation between ALP quartile and parameters of inflammation, liver function, and bone metabolism

ALP
Quartile
CRP
Albumin
ALT
AST
Bilirubin
Calcium
Phosphorus
iPTH
N/L

0.13a
0.01
0.12a
0.16a
0.02
20.10a
20.08a
0.13a
0.09a

CRP

Albumin

ALT

AST

Bilirubin

Calcium

Phosphorus

iPTH

20.12a
20.09b
20.04
20.12a
20.08b
0.11a
,0.01
0.14a

20.01
20.10a
0.20a
0.40a
20.06
0.01
20.01

0.61a
0.12a
20.01
0.03
0.01
20.02

0.12a
20.03
20.03
20.02
20.02

0.11a
20.01
20.07
0.03

20.31a
20.42a
20.07b

0.29a
0.04

20.01

CRP, C-reactive protein.
a
Correlation is signiﬁcant at the 0.01 level (two-tailed).
b
Correlation is signiﬁcant at the 0.05 level (two-tailed).
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Figure 2. | Survival curves for patients with different levels of serum ALP. Cumulative mortality curves for (A) all-cause mortality, and
(B) cardiovascular mortality according to quartiles of ALP levels at baseline.

Because 60.3% of our patients had GN as the primary
etiology, we examined the interaction between GN and
ALP Qs on the outcomes of PD patients in multivariate

adjusted model. However, we did not ﬁnd any signiﬁcant
interaction between GN and ALP level on all-cause
(P=0.91) and cardiovascular (P=0.94) mortality.
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Table 3. Associations between continuous and quartile of serum ALP and all-cause and cardiovascular mortality

Model 1a

All-cause mortality
Baseline
continuous
ALPe
Follow-up
continuous
ALPe
Baseline ALP
quartile 1
Baseline ALP
quartile 2
Baseline ALP
quartile 3
Baseline ALP
quartile 4
P for trend
Cardiovascular
mortality
Baseline
continuous
ALPe
Follow-up
continuous
ALPe
Baseline ALP
quartile 1
Baseline ALP
quartile 2
Baseline ALP
quartile 3
Baseline ALP
quartile 4
P for trend

Model 2b,c

Model 3c,d

HR (95% CI)

P Value

HR (95% CI)

P Value

HR (95% CI)

P Value

1.05 (1.02 to 1.08)

,0.001f

1.03 (1.00 to 1.07)

0.04f

1.04 (1.00 to 1.08)

0.04f

1.09 (1.04 to 1.13)

,0.001f

1.08 (1.02 to 1.15)

0.01f

1.08 (1.01 to 1.15)

0.02f

1.0

1.0

1.0

1.17 (0.75 to 1.81)

0.50

1.18 (0.74 to 1.86)

0.49

1.43 (0.85 to 2.41)

0.18

1.38 (0.90 to 2.12)

0.14

1.21 (0.77 to 1.89)

0.42

1.40 (0.83 to 2.34)

0.20

1.98 (1.33 to 2.93)

0.001f

1.67 (1.08 to 2.57)

0.02f

2.05 (1.24 to 3.41)

0.01f

,0.001f

0.02f

0.01f

1.07 (1.03 to 1.10)

,0.001f

1.06 (1.02 to 1.10)

0.003f

1.07 (1.02 to 1.11)

0.003f

1.08 (1.02 to 1.15)

0.01f

1.08 (1.00 to 1.16)

0.05

1.08 (1.00 to 1.17)

0.06

1.0

1.0

1.0

1.30 (0.71 to 2.38)

0.39

1.39 (0.74 to 2.61)

0.31

1.61 (0.79 to 3.29)

0.19

1.35 (0.74 to 2.47)

0.33

1.19 (0.63 to 2.26)

0.59

1.36 (0.66 to 2.80)

0.41

2.17 (1.26 to 3.74)

0.01f

2.03 (1.12 to 3.67)

0.02f

2.40 (1.20 to 4.78)

0.01f

0.004f

0.03f

0.02f

HR, hazard ratio; 95% CI, 95% conﬁdence interval.
a
Model 1: unadjusted.
b
Model 2: adjusted for age, sex, 24-hour urine output, BP, comorbidity score, hemoglobin, albumin, serum ALT, AST, N/L, and
phosphate binders use.
c
Additionally adjusted for physiologic calcium peritoneal dialysate use while analyzing follow-up ALP.
d
Model 3: model 2 adjusted for corrected calcium, phosphorus, and iPTH.
e
Per 10 U/L higher ALP.
f
P,0.05 is considered statistically signiﬁcant.

Discussion
In the present single center retrospective cohort study,
we identiﬁed PD patient characteristics associated with
total serum ALP levels and found that higher total serum
ALP levels were incrementally associated with higher allcause and cardiovascular mortality, even after adjustment for liver function and bone metabolism parameters.
To our knowledge, this study is the ﬁrst to show the
association between serum ALP level and mortality in PD
patients.
ALP is a hydrolytic enzyme that dephosphorylates
various molecules and most effectively operates in an
alkaline environment. Although ALP is expressed in a
variety of tissue, its concentrations are highest in bone,
liver, and the kidneys (14). Accordingly, serum levels of

ALP are primarily used in clinical practice as a marker of
hepatic or bony disease. Traditionally, ALP has only been
considered a surrogate of bone metabolism in patients with
CKD and ESRD. This study, along with other recently published studies, questions this widely held opinion (2–6).
Elevated ALP levels have been associated with mortality
in nondialysis-dependent CKD patients. Kovesdy et al. (3)
reported that higher ALP level was associated with higher
death risk in individuals with CKD stages 1–5. Beddhu
et al. (2) reported that doubling baseline ALP level was
associated with a 55% increase in all-cause mortality rate
by a post hoc analysis from the African-American Study of
Kidney Disease and Hypertension database. Another study
including 28,678 patients with CKD stages 3 and 4 found
that each 1-SD (42.7 U/L) higher ALP level was associated
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with 15% and 16% higher risk of ESRD and mortality, respectively, after multivariate adjustment (4).
Some studies have examined the association between
ALP level and mortality in HD patients. Kalantar-Zadeh
et al. (15) showed a higher risk of all-cause mortality associated with higher baseline and time-varying ALP levels in
HD patients using the DaVita database. However, these
analyses were not adjusted for serum calcium and phosphorus levels, which have been associated with higher
mortality risk. Another analysis of the Dialysis Outcomes
and Practice Patterns Study database showed that elevated
serum ALP levels were associated with higher risk of hospitalization and death in HD patients, independent of serum calcium, phosphorus, and PTH levels, without
including adjustment for liver function (5). Subsequently,
using the DaVita and Hemodialysis Study databases, researchers found that high serum ALP levels in HD patients, adjusted for serum calcium, phosphorus, PTH,
and liver enzymes, were indeed associated with higher
mortality (6,7). However, little is known about PD patients. Our study revealed that total serum ALP levels
were associated with higher all-cause and cardiovascular
mortality in PD patients, independent of serum calcium,
phosphorus, iPTH, and liver enzymes (AST and ALT). It
was reported that bone mineral disease characteristics are
different in PD and HD (9) and that bone microarchitecture is more severely affected in patients on HD than patients receiving PD (8); however, our study indicated that
the association between ALP and mortality in PD patients
is similar with the previous study in HD patients (6).
A possible explanation for the described association
between total serum ALP level and mortality is that ALP
is a marker of high-turnover bone disease, which has been
linked to higher mortality (15,16). However, ALP may be
more than a marker of bone turnover. There is mounting
evidence that ALP can promote vascular calciﬁcation by
hydrolyzing pyrophosphate in the arterial wall (14,17). In
our study, the highest Q of ALP was associated with
higher risk of cardiovascular death. In addition, our results
showed that there was signiﬁcantly positive relationship
between the levels of ALP and iPTH. It is well known that
both mineral bone metabolism parameters are associated
with vascular calciﬁcation (18). However, in our study,
serum ALP level negatively correlated with phosphorus
level. The higher iPTH level and more frequent prescription of phosphate binders in the higher ALP group patients may be responsible for this result. Inhibitors of
ALP were capable of reducing calciﬁcation in models of
vascular calciﬁcation (19). Levamisole, a nonspeciﬁc inhibitor of ALP, could also reduce aortic calciﬁcation of uremic
rat (17). Apart from vascular calciﬁcation, previous studies
suggested that inﬂammation indicated by a higher level of
CRP or the counts of white blood cells might be associated
with elevated ALP and then participate in higher mortality
(3,20,21). N/L is widely used as a marker of inﬂammation
and a strong predictor for overall and cardiovascular mortality in PD patients (22). Our results also showed a positive correction between ALP and CRP as well as the N/L
level (Table 2). Other plausible explanations for the observed
association are decreased vitamin D levels, which are associated with mortality in CKD stage 5 patients (23), and insulin resistance (24). Thus, multiple potential mechanisms
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may contribute to the association between elevated ALP
level and higher mortality. Based on the result that ALP
may play a pathogenic role in uremia, leading to higher
all-cause and cardiovascular mortality, ALP might be a
potential therapeutic target in ESRD patients. Future studies
are warranted to determine the potential role of inhibitor of
ALP in ESRD patients.
There are some limitations in the present study. (1) It
was a single center study, and therefore, center-speciﬁc
effects cannot be excluded. (2) Its retrospective nature
allows us to establish associations but not causal relationships. (3) We did not have bone-speciﬁc ALP available, which is a more sensitive and speciﬁc marker of
bone metabolism than total ALP. However, few studies
have shown that bone-speciﬁc ALP is a better predictor
of death than total ALP in HD patients (25). A recent
analysis using NHANES data did not show an association between bone-speciﬁc ALP level and mortality in
the nondialysis-dependent CKD population (26). In addition, bone-speciﬁc ALP is not measured routinely, because the assay is not readily available and is expensive.
Furthermore, bone-speciﬁc ALP immunoassays seem unable to distinguish the ALP isoenzyme optimally (27,28).
(4) During the management of MBD of our patients, the
vitamin D analogs and phosphate binders were used to
acquire the targets recommended by the guidelines.
These treatments may mitigate the mortality risk associated with ALP and need to be studied further. (5) Because of the restriction of sample size, we did not adjust
all factors associated with higher mortality. Therefore,
the effect of residual confounding cannot be eliminated
completely.
In conclusion, we found an independent relationship
between elevated total serum ALP level and higher risk
of all-cause and cardiovascular mortality in PD patients.
These ﬁndings, along with previous studies in this area,
suggest that clinicians could use ALP as a risk assessment
tool to identify PD patients with higher risk of mortality.
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