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Abstract

Background/Aims: Although high serum alkaline phosphatase (ALP) levels were reported as
predictive factors for death risk in dialysis patients on the basis of large databank analyses, the
real scenario in a single hemodialysis (HD) center is unknown. Methods: In this study, a 5-year
cohort of 1126 prevalent HD patients in the largest HD center in Taiwan was studied. The
associations of ALP levels expressed as baseline, time-average, and time-dependent with all-
cause mortality and cardiovascular mortality were evaluated by using adjusted Cox regression
models. Results: At baseline, levels of serum parathyroid hormone, calcium, and liver enzymes
are increased in parallel with ALP quartiles. The hazard ratio (HR) for all-cause mortality was
significantly increased in time-average and time-dependent ALP quartile in the unadjusted
Cox analysis. The significance disappeared when multivariate adjusted Cox analysis was used.
Similarly, HR was not significantly increased for cardiovascular mortality with ALP quartile
expressed as baseline, time-average, and time-dependent in three models of Cox analyses.
Conclusion: Our study demonstrated that serum ALP levels were not associated with increased
death risk in prevalent HD patients over a 5-year interval.
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Introduction

Serum alkaline phosphatase (ALP) is a hydrolytic enzyme that removes phosphate
from protein and nucleotides. Although it originates from many tissues in the human body;,
it is mainly concentrated in the bone and liver. Owing to its convenient measurement,
serum ALP level is primarily used as an indicator for hepatic and bone disease. Serum ALP
level reflects bone activity, including bone turnover and bone metabolism [1]. In chronic
kidney disease (CKD) patients, serum ALP level is commonly used as a surrogate marker
for hyperparathyroidism and renal bone disease. Generally, an elevated serum ALP level
indicates high-turnover bone disease in CKD. Recently, emerging evidence from large-scale
cohort studies suggests that serum ALP levels are associated with higher risk for mortality,
not only in the general population but also in CKD patients. A report from the National Health
and Nutrition Examination Survey in the US revealed a graded independent association
between higher ALP levels and increased mortality in the general population [2]. Similarly,
reports from pre-dialysis CKD studies showed that higher serum ALP levels are associated
with increased all-cause mortality [3-5]. In dialysis patients, elevated serum ALP levels
are also associated with increased mortality, independent of liver and bone metabolism
parameters in both, hemodialysis (HD) and peritoneal dialysis patients [6-11].

Although the many aforementioned reports indicate a positive association of serum
ALP levels with increased mortality in CKD, there are relatively few reports about this
association in the Asian population. As the largest hospital-associated HD center in Taiwan,
we intend to evaluate the association of serum ALP levels with all-cause and cardiovascular
(CV) mortality in our prevalent HD cohort, over a 5-year interval.

Patients and Methods

The data of patients who received regular outpatient HD (three times per week) at Kaohsiung Chang
Gung Memorial Hospital in Taiwan were collected. These patients were enrolled from January 1, 2009, to
December 31,2013. The records of a total of 1126 HD patients who presented demographic data and routine
laboratory data including CKD-MBD parameters at HD initiation were reviewed. Our exclusion criteria were
as follows: (1) patients who did not receive regular HD thrice weekly; and (2) patients who did not receive
regular HD for at least three subsequent months in our hospital.

Serial hemogram results and biochemical data between January 2009 and December 2013 were
analyzed retrospectively. Values for certain blood parameters were measured monthly, with the exceptions
of ferritin, which was measured every 3 months, as well as intact parathyroid hormone (iPTH), Kt/V urea
score (Daugirdas method) [12], and urea reduction ratio, which were measured every 6 months. The URR
was calculated by using the following equation:

[predialysis BUN - postdialysis BUN/predialysis BUN] x 100%.

Kt/V urea was calculated by using the following equation:

Kt/Vurea=-Ln (R-0.008 x t) + [4 - (3.5 x R)] x UF/W,

where R is the ratio of postdialysis and predialysis serum urea nitrogen, t (time in hours) is the
duration of dialysis, UF (L) is the ultrafiltrate amount, and W (kilogram) is the postdialysis body weight.
Corrected serum calcium was calculated by using the following equation:

measured total Ca (mg/dL) + 0.8 [4.0 - serum albumin (g/dL)].

All blood parameters were measured using commercial kits and an autoanalyzer (Hitachi 7600-
210, Hitachi Ltd., Tokyo, Japan). Albumin was measured by the bromocresol green (BCG) method. For the
measurement of CT ratio, chest radiography was performed after HD. Cardiac size was measured by drawing
parallel lines on both sides of the heart, at the most lateral points on each side, and the distance between
them was measured. Thoracic width was measured by drawing parallel lines down the inner aspect of the

KARGER

499

Downloaded by:

218.76.128.84 - 4/25/2017 9:48:28 AM



Kidne Kidney Blood Press Res 2016;41:498-506
DOIL 10.1159/000443451 © 2016 The Author(s). Published by S. Karger AG, Basel

&
Blood Pressure Published online: July 29, 2016 www karger.com/kbr
Resea rch Zhu et al.: Alkaline Phosphatase Level with Death in Hemodialysis Patients

widest points of the rib cage, and measuring the distance between these two points. Cardio-thoracic ratio is
defined as cardiac size/thoracic width. All patients received HD with dialyzers that had an effective surface
area of >2.0 m?

The protocol for the study was approved by the Committee on Human Research at Kaohsiung
Chang Gung Memorial Hospital (101-1595B) for data review, and was conducted in accordance with the
Declaration of Helsinki. The informed consents were not requested to be signed by the patients enrolled in
our study, according to the regulation on retrospective data review by the Committee on Human Research at
Kaohsiung Chang Gung Memorial Hospital.

Statistical Methods and Demographics

To investigate the characteristics of the study population, all patients were stratified into four categories
(66,671t082,83t0103,and 2104), according to baseline serum ALP values collected when patients enrolled
in the study. Baseline characteristics were analyzed as mean values with standard deviations for each group,
and the difference between each serum ALP level was examined by using chi-squared test for categorical
variables and analysis-of-variance. The Kruskal-Wallis test was used for continuous variables. The profile
of baseline characteristics for age, sex, HD vintage, etiology of renal failure, EPO usage, vitamin-D usage,
antihypertensive agent usage, iron (Fe) usage, parathyroidectomy status, and baseline laboratory data were
assigned to the four groups according to the baseline serum ALP values. Baseline laboratory data included
WBC count, albumin, Hb, cholesterol, triglyceride, fasting blood glucose, AST (aspartate aminotransferase),
ALT (alanine aminotransferase), total bilirubin, albumin-corrected calcium, P, K, uric acid, ferritin, iPTH,
urea reduction ratio, Kt/V urea (Daugirdas) [13], and cardiac-thoracic ratio.

Mortality (Cox model)

The crude rates of mortality for all causes of death and CV disease mortality were both calculated
for each baseline serum ALP group and tested with a chi-squared test. Further, in order to investigate the
time of death (all cause and CV mortality) in the five-year cohort time, a series of Cox proportional hazards
models were employed to evaluate the risk for the two kinds of mortalities. The three Cox models were
constructed to include separately the baseline serum ALP levels, overall time-averaged (TA), and time-
dependent (TD) data for cohorts as the predictor variables. The ALP values in every year for each individual
patient were averaged in the time-average model and annual data of ALP values per patient were treated
as time-dependent explanatory variable in the time-dependent model. The discrete data of ALP (<66, 67 to
82, 83 to 103, and 2104) were tested as a fixed-effect variable. The data of patients who were alive before
the end of study, while analyzing data, were defined as censored data according to specific definition of
mortality.

Among the three survival models, the effect of ALP was estimated by hazard ratio with 95% confidence
interval in the unadjusted and covariates-adjusted analyses. Thus, the multivariable Cox model adjusted first
for age, sex, HD vintage, etiology of renal failure, EPO usage, vitamin-D usage, antihypertensive agent usage,
Fe usage, and parathyroidectomy status. In addition to these covariates, other baseline laboratory results
were added to fit in the second multivariable Cox model (fully adjusted for iPTH, corrected Ca, and P).

Results

Patients were divided by quartiles of ALP levels at baseline. Patients with higher ALP
levels were older. Female subjects were present in significantly higher percentage in the
higher quartiles of ALP than male subjects. The trend for higher ALP quartiles revealed
progressive increased in vitamin-D use. The lowest ALP quartile (< 66 U/L) demonstrated
higher percentage of cases with associated parathyroidectomy. Among laboratory
parameters, serum albumin levels showed significant progressive decline toward the higher
ALP quartiles. Serum corrected Ca, AST, ALT, total bilirubin, and iPTH levels demonstrated
significant, progressive increase toward the higher ALP quartiles. The lowest cardiac-
thoracic ratio was significantly found in the lowest ALP quartile (Table 1).
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Table 1. Summary of Demographics and Baseline Characteristics
Characteristic ALP (U/L)
<66 67 to 82 83 to 103 =104 p-value
Number 396 215 207 273
Age (year) 58.5£13.0 60.2+12.1 62.1£11.0 60.4x12.4 0.0056
Gender
Male 213 (53.79%) 107 (49.77%) 100 (48.31%) 102 (37.36%) 0.0004
Female 183 (46.21%) 108 (50.23%) 107 (51.69%) 171 (62.64%)
Hemodialysis vintage = 5.80+5.43 5.54+5.27 5.56+5.17 6.19+£5.28 0.4984
(year)
Etiology of renal failure
Glomerulonephritis 69 (17.42%) 31 (14.42%) 26 (12.56%) 44 (16.12%)  0.2878
Diabetes mellitus 115 (29.04%) 68 (31.63%) 75 (36.23%) 72 (26.37%)
Others 212 (53.54%) 116 (53.95%) 106 (51.21%) 157 (57.51%)
EPO use
Yes 289 (92.63%) 154 (92.22%) 145 (90.06%) 205 (87.61%) 0.2057
No 23 (7.37%) 13 (7.78%) 16 (9.94%) 29 (12.39%)
Missing 84 48 46 39
Vitamin-D use
Yes 65 (16.54%) 42 (20.19%) 45 (22.28%) 81(30.22%)  0.0005
No 328 (83.46%) 166 (79.81%) 157 (77.72%) 187 (69.78%)
Missing 3 7 5 5
Antihypertensive agent use
Yes 143 (36.39%) 75 (36.06%) 66 (32.67%) 93 (34.70%) 0.8244
No 250 (63.61%) 133 (63.94%) 136 (67.33%) 175 (65.30%)
Missing 3 7 5 5
Fe use
Yes 38 (9.67%) 14 ( 6.76%) 20 (9.90%) 27 (10.07%)  0.5880
No 355(90.33%) 193 (93.24%) 182 (90.10%) 241 (89.93%)
Missing 3 8 5 5
Parathyroidectomy
Yes 87 (22.14%) 36 (17.31%) 27 (13.37%) 38 (14.18%) 0.0164
No 306 (77.86%) 172 (82.69%) 175 (86.63%) 230 (85.82%)
Missing 3 7 5 5
All-cause mortality
Yes 75 (18.94%) 41 (19.07%) 40 (19.32%) 73 (26.74%) 0.0637
No 321 (81.06%) 174 (80.93%) 167 (80.68%) 200 (73.26%)
CV mortality
Yes 15 (3.79%) 10 (4.65%) 7 (3.38%) 13(4.76%)  0.8414
No 381 (96.21%) 205 (95.35%) 200 (96.62%) 260 (95.24%)
Baseline laboratory tests
Albumin (gm/dl) 3.91£0.33 3.87£0.30 3.81£0.30 3.75£0.40 <.0001
Hb (g/dl) 10.51£1.28 10.71£1.23 10.60£1.36 10.38+1.54 0.0457
Cholesterol (mg/dl) 175.95£39.76 178.70£40.73 173.91£38.61 175.67x43.09 0.6778
Triglyceride (mg/dl)  174.09+132.27 168.77£137.49 169.27+£136.38 148.31x114.17 0.0797
Glucose (AC) (mg/dl) 144.71+£61.96 148.77£74.61 151.92+76.35 152.95£79.99 0.4674
Ferritin (ng/ml) 494.79+442.49 450.34+296.57 505.13+£453.62 525.484+433.48 0.2622
iPTH (pg/ml) 186.44+194.46 310.27£319.13 356.12£320.06 637.52£693.59 <.0001
Corrected Ca (mg/dl) 9.15+0.74 9.18%0.82 9.28+0.90 9.50x0.88 <.0001
P (mg/dl) 5.01x1.51 4.82+1.40 4.91+1.57 4.73%1.55 0.1176
K (meq/1) 4.97+0.72 4.94+0.68 4.96+0.81 4.93+0.82 0.9298
Uric acid (mg/dl) 7.14x1.43 7.12+1.41 7.10x1.46 6.98%1.36 0.5311
Urea reduction ratio  0.74+0.07 0.74+0.07 0.74+0.06 0.75+0.07 0.0503
Kt/V Daugirdas 1.67£0.41 1.680.49 1.70£1.22 1.71£0.39 0.8530
Cardiac/thoracic ratio  0.48+0.07 0.50%0.07 0.51£0.08 0.51£0.08 <.0001
WBC (x1000/ul) 6.16x1.77 6.60£2.18 6.46%3.03 6.24+2.21 0.0841
AST (IU/L) 18.64£9.17 19.04£7.75 22.06£10.38 27.97£39.37 <.0001
ALT (IU/L) 15.66£10.55 16.40£10.81 19.45£12.48 24.82+38.22 <.0001
Total Bilirubin (mg/dl) 0.32+0.20 0.33£0.17 0.36x0.46 0.39£0.27 0.0255
HBsAg
Yes 44 (11.17%) 29 (13.49%) 27 (13.04%) 34 (12.55%) 0.8330
No 350 (88.83%) 186 (86.51%) 180 (86.96%) 237 (87.45%)
Missing 2 0 0 2
Anti-HCV
Yes 46 (11.68%) 26 (12.09%) 32 (15.46%) 36 (13.28%)  0.5945
No 348 (88.32%) 189 (87.91%) 175 (84.54%) 235 (86.72%)
Missing 2 0 0 2
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Table 2-1. Hazard Ratio of All-cause Mortality by Baseline Serum ALP Level
HR (95% CI)
Model 1 Model 2 Model 3

ALP (U/L)

quartile 1 (< 66) 1.00 1.00 1.00

quartile 2 (67 to 82) 0.90 (0.61 to 1.31) 0.96 (0.63 to 1.47) 0.99 (0.65 to 1.53)

quartile 3 (83 to 103) 0.93 (0.64 to 1.37) 0.79 (0.51 to 1.21) 0.79 (0.51 to 1.22)

quartile 4 (2104) 1.24 (0.89 to 1.71) 1.00 (0.68 to 1.49) 1.00 (0.65 to 1.54)

P for trend 0.3005 0.6857 0.6763

Cox regression model: Model 1: Unadjusted. Model 2: Adjusted for Age, Sex, Hemodialysis
vintage, Etiology of renal failure, EPO, Vitamin-D, Antihypertensive agent, Fe use, and
Parathyroidectomy + Baseline laboratory results (Albumin, Hb, Cholesterol, Triglyceride, Glucose
(AC), Ferritin, K, Uric acid, Urea reduction ratio, Kt/V Daugirdas, Cardiac/thoracic ratio, WBC,
AST, ALT, Total Bilirubin, HBsAg, and Anti-HCV). Model 3: Model 2 + Baseline laboratory
results (iPTH, Corrected Ca, P).

Table 2-2. Hazard Ratio of All-cause Mortality by Average Serum ALP Level

HR (95% CI)
Model 1 Model 2 Model 3
ALP (U/L)

quartile 1 (< 66) 1.00 1.00 1.00

quartile 2 (67 to 82) 0.92 (0.61 to 1.37) 0.94 (0.59 to 1.48) 0.91 (0.57 to 1.44)
quartile 3 (83 to 103) 1.22 (0.83 to 1.79) 1.13(0.73 to 1.75) 1.09 (0.70 to 1.70)
quartile 4 (2104) 1.66 (1.19 to 2.32) 0.96 (0.62 to 1.50) 0.91 (0.57 to 1.45)
P for trend 0.0031 0.8323 0.8020

Cox regression model: Model 1: Unadjusted. Model 2: Adjusted for Age, Sex, Hemodialysis
vintage, Etiology of renal failure, EPO, Vitamin-D, Antihypertensive agent, Fe use, and
Parathyroidectomy + average laboratory results (Albumin, Hb, Cholesterol, Triglyceride, Glucose
(AC), Ferritin, K, Uric acid, Urea reduction ratio, Kt/V Daugirdas, Cardiac/thoracic ratio, WBC,
AST, ALT, Total Bilirubin, HBsAg, and Anti-HCV). Model 3: Model 2 + average laboratory
results (iPTH, Corrected Ca, P).

Table 2-3. Hazard Ratio of All-cause Mortality by Serum ALP Level, with a Time-dependent model

HR (95% CI)
Model 1 Model 2 Model 3
ALP (U/L)

quartile 1 (< 66) 1.00 1.00 1.00

quartile 2 (67 to 82) 1.48 (0.99 to 2.21) 1.19 (0.75 to 1.89) 1.16 (0.73 to 1.86)
quartile 3 (83 to 103) 1.36 (0.91 to 2.02) 1.65 (1.05 to 2.58) 1.62 (1.02 to 2.55)
quartile 4 (=104) 1.97 (1.41 to 2.76) 1.65 (1.09 to 2.50) 1.60 (1.03 to 2.50)
P for trend 0.0010 0.0618 0.0989

Cox regression model: Model 1: Unadjusted. Model 2: Adjusted for Age, Sex, Hemodialysis
vintage, Etiology of renal failure, EPO, Vitamin-D, Antihypertensive agent, Fe use, and
Parathyroidectomy + laboratory results (Albumin, Hb, Cholesterol, Triglyceride, Glucose (AC),
Ferritin, K, Uric acid, Urea reduction ratio, Kt/V Daugirdas, Cardiac/thoracic ratio, WBC, AST,
ALT, Total Bilirubin, HBsAg, and Anti-HCV). Model 3: Model 2 + laboratory results (iPTH,
Corrected Ca, P).

By Cox regression analyses, the hazard ratio (HR) for all-cause mortality was not
significantly increased at baseline when ALP increased (Table 2-1). However, the HR for all-
cause mortality was significantly increased in the unadjusted TA model when ALP increased.
The significance disappeared when fully adjusted (Table 2-2). The HR for ALP levels with all-
cause mortality in TD model showed a similar result (Table 2-3). HR for CV mortality was not
significantly increased when increased ALP quartiles in the baseline and TA models (Table 3-1,
3-2). Although HR for CV mortality increased with increased ALP quartiles in the TD model, a
significant statistical difference was not observed (Table 3-3).
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Table 3-1. Hazard Ratio of CV Mortality by Baseline Serum ALP Level
HR (95% CI)

Model 1 Model 2 Model 3
ALP (U/L)
quartile 1 (£ 66) 1.00 1.00 1.00
quartile 2 (67 to 82) 1.12 (0.50 to 2.49) 1.11 (0.44 t0 2.79) 1.17 (0.45 to 3.04)
quartile 3 (83 to 103) 0.83 (0.34 to 2.04) 0.80 (0.30 to 2.11) 0.84 (0.31 to 2.27)
quartile 4 (=104) 1.07 (0.51 to 2.24) 0.71 (0.27 to 1.83) 0.71 (0.25 t0 2.08)

P for trend 0.9380 0.8248 0.8272

Cox regression model: Model 1: Unadjusted. Model 2: Adjusted for Age, Sex, Hemodialysis
vintage, Etiology of renal failure, EPO, Vitamin-D, Antihypertensive agent, Fe use, and
Parathyroidectomy + Baseline laboratory results (Albumin, Hb, Cholesterol, Triglyceride, Glucose
(AC), Ferritin, K, Uric acid, Urea reduction ratio, Kt/V Daugirdas, Cardiac/thoracic ratio, WBC,
AST, ALT, Total Bilirubin, HBsAg, and Anti-HCV). Model 3: Model 2 + Baseline laboratory
results (iPTH, Corrected Ca, P).

Table 3-2. Hazard Ratio of CV Mortality by Average Serum ALP Level
HR (95% CI)

Model 1 Model 2 Model 3
ALP (U/L)
quartile 1 (£ 66) 1.00 1.00 1.00
quartile 2 (67 to 82) 0.68 (0.27 to 1.69) 0.91 (0.32 to0 2.55) 0.89 (0.31 t0 2.53)
quartile 3 (83 to 103) 0.97 (0.43 t0 2.21) 1.01 (0.38 t0 2.69) 0.95 (0.35 t0 2.59)
quartile 4 (=104) 1.27 (0.62 t0 2.61) 0.93 (0.34 t0 2.52) 0.81 (0.28 to 2.36)
P for trend 0.5687 0.9953 0.9796

Cox_regression model: Model 1: Unadjusted. Model 2: Adjusted for Age, Sex, Hemodialysis
vintage, Etiology of renal failure, EPO, Vitamin-D, Antihypertensive agent, Fe use, and
Parathyroidectomy + average laboratory results (Albumin, Hb, Cholesterol, Triglyceride, Glucose
(AC), Ferritin, K, Uric acid, Urea reduction ratio, Kt/V Daugirdas, Cardiac/thoracic ratio, WBC,
AST, ALT, Total Bilirubin, HBsAg, and Anti-HCV). Model 3: Model 2 + average laboratory
results (iPTH, Corrected Ca, P).

Table 3-3. Hazard Ratio of CV Mortality by Serum ALP Level, with a Time-dependent Model

HR (95% CI)

Model 1 Model 2 Model 3
ALP (U/L)
quartile 1 (£ 66) 1.00 1.00
quartile 2 (67 to 82) 1.54 (0.64 to 3.71) 1.20 (0.40 to 3.56) 1.23 (0.41 to 3.75)
quartile 3 (83 to 103) 1.03 (0.40 to 2.66) 1.39 (0.47 to 4.11) 1.41 (0.47 to 4.24)
quartile 4 (=104) 2.02 (0.97 to 4.24) 1.71 (0.64 to 4.55) 1.61 (0.56 to 4.60)
P for trend 0.2068 0.7350 0.8369

Cox regression model: Model 1: Unadjusted. Model 2: Adjusted for Age, Sex, Hemodialysis
vintage, Etiology of renal failure, EPO, Vitamin-D, Antihypertensive agent, Fe use, and
Parathyroidectomy + laboratory results (Albumin, Hb, Cholesterol, Triglyceride, Glucose (AC),
Ferritin, K, Uric acid, Urea reduction ratio, Kt/V Daugirdas, Cardiac/thoracic ratio, WBC, AST,
ALT, Total Bilirubin, HBsAg, and Anti-HCV). Model 3: Model 2 + laboratory results (iPTH,

Corrected Ca, P).

Discussion

The present study examined the association between serum ALP levels and mortality
in one of the largest HD center in Taiwan. Baseline results showed that one-third of patients
had serum ALP < 66 U/L, women were predominant in various strata of ALP levels, vitamin
D use significantly increased toward higher percentage of patients when ALP levels
increased, and the proportion of patients with history of parathyroidectomy increased
toward the lower ALP strata. These associations between ALP trends, vitamin D use, and
parathyroidectomy history is understandable from clinical experience. The sex distribution
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is similar to the prior reports [7, 8], when female subjects were reported with higher serum
ALP levels than male subjects. Baseline laboratory parameter analysis revealed that higher
serum albumin level was significant in the lowest serum ALP stratum, serum levels of iPTH
and Ca were significantly higher for levels of ALP = 104 U/L, and liver enzyme (AST, ALT) and
total bilirubin proportionally increased toward higher ALP strata. Again, most of laboratory
parameters were associated with various strata of serum ALP levels, as mentioned in a
previous study [7].

We examined the risk for mortality with Cox regression analyses using three ALP models
(baseline, TA, TD). The HR was significantly increased for all-cause mortality toward higher
levels of quartile (serum ALP < 66 U/L was used as reference range because it included the
largest proportion of patients in the range), with unadjusted TA and TD models. However,
the significance disappeared when was fully adjusted and included iPTH, Ca, and P. Although
HR was insignificantly increased for CV mortality by TD model toward higher ALP quartile,
the risk for CV mortality in general is not associated with ALP increments by analyses with
the three ALP models.

Of note, our results are different from those of the study of a cohort from DaVita
databank. Their study exhibiting HR for all-cause death was increased based on time-
dependent ALP Cox regression model. The risk clearly increased 18% when serum ALP > 180
U/L [7]. The similar trend with association between serum high ALP levels and increased
death risk are also noted in the two other studies, for serum ALP levels > 150 U/L and >
120 U/L respectively [8, 14]. Additionally, a report from Japan dialysis registry revealed that
patients with highest ALP quartile had higher all-cause and CV mortalities on multivariate
analysis [15]. The reason for the different results in the present study and some others is not
clearly understood. The speculated reasons included a different reference range in serum
ALP levels, relatively smaller number of cases and various interferences with therapeutic
measures during the observation period.

Nevertheless, the possible mechanisms of ALP association with increased death in
CKD have been provided in various studies. ALP increase has been demonstrated in vessels
obtained from calcified arteriolopathy in CKD [16]. A hypothesis suggested that ALP is linked
to vascular calcification through its role in mediating with pyrophosphate [17-19]. Further,
indirect evidence suggested that ALP > 120 U/L had higher coronary artery calcification
score [20]. Finally, ALP-death relationship may be possibly related to inflammation and
osteomalacia. The latter may be resulting from 25-hydroxyvitamin D deficiency and that is
an independent risk factor for inflammation and CV disease [21].

Present study has some limitations. First, it was designed as a retrospective study and
selected subjects were all treated in one HD center. Center-specific effect cannot be excluded.
Second, the diversity in clinical practice for different nephrologists could result in non-
homogenous management in CKD-MBD and that may result in different outcomes for death.
Third, the sample size is relative small. However, present study provides a longitudinal 5-year
observational data, and clearly demonstrated the relationship between increased death risk
and increased serum ALP levels expressed by three models. Fourth, the definitive source of
ALP, from bone or other tissues cannot be exactly verified. In the prior study, bone-specific
ALP was demonstrated to be associated with bone turn-over following renal transplantation
[22]. Moreover, higher serum bone-specific ALP was reported to be associated with the
presence of vascular calcification in male HD patients [23]. However, we did not examine the
relationship of bone-specific ALP levels and mortality in HD patients in the present study. We
also found a constant parallel between increased liver enzymes and ALP levels in the present
study. Thus, ALP from hepatobiliary is a contribution of risk for death and interference for
statistical analysis. Finally, the contribution of inflammation to the increased death risk
was not evaluated in the present study. Although we presented total circulating leukocyte
count for analysis, which exhibited no association with baseline leukocyte count for serum
ALP quartile, the association of inflammation status with death risk cannot be completely
eliminated in the present study.
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Conclusion

We found that serum ALP levels were not associated with increased death riskin a cohort
of prevalent HD patients, over a 5-year interval, by three Cox regression models analysis.
Accordingly, the ALP-death relationship in prevalent HD patients needs to be verified in the
future by studies done on a larger-scale and with longer observation period.
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