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COMPARATIVE MORTALITY-PREDICTABILITY USING ALKALINE PHOSPHATASE AND
PARATHYROID HORMONE IN PATIENTS ON PERITONEAL DIALYSIS
AND HEMODIALYSIS

Connie M. Rhee,-32 Miklos Z. Molnar,>*2 Wei Ling Lau,*? Vanessa Ravel,! Csaba P. Kovesdy,>-5
Rajnish Mehrotra,” and Kamyar Kalantar-Zadeh'-3:2

Harold Simmons Center for Kidney Disease Research and Epidemiology,’ University of California-Irvine, Orange,
California; Division of Nephrology,? Brigham and Women's Hospital, Boston, Massachusetts, USA;
Division of Nephrology and Hypertension,? University of California-Irvine, Irvine, California, USA;
Department of Medicine,* Division of Nephrology, University Health Network, University of
Toronto, Toronto, Ontario, Canada; Division of Nephrology,®> Memphis Veterans
Affairs Medical Center, and Division of Nephrology,® University of Tennessee
Health Science Center, Memphis, Tennessee, USA; Harborview Medical
Center,” University of Washington, Seattle, Washington, USA;

Department of Epidemiology,® UCLA School of Public
Health, Los Angeles, California, USA

¢ Background: In hemodialysis (HD) patients, serum
alkaline phosphatase (ALP) and parathyroid hormone (PTH)
derangements are associated with mortality, but outcome-
predictability using ALP and PTH in peritoneal dialysis (PD)
patients remains uncertain.

¢ Methods: In a cohort of 9244 adult PD patients from a
large national dialysis organization (entry period 2001 -
2006, with follow-up through 2009), we used multivariable
Cox models adjusted for case-mix and laboratory covariates
to examine the associations of time-averaged ALP and PTH
with all-cause mortality. We then compared mortality-
predictability using ALP and PTH in 9244 PD and 99 323
HD patients.

¢ Results: In PD patients, ALP concentrations exceeding
150 U/L were associated with increased mortality (refer-
ence ALP: 70 to <90 U/L). Hazard ratios (HRs) and 95%
confidence intervals (CIs) were 1.18 (1.03 to 1.36), 1.27
(1.08 t0 1.50), 1.49 (1.23 t0 1.79), and 1.35 (1.19 to 1.53)
for ALP concentrations of 150 to <170 U/L, 170 to <190 U/L,
190 to <210 U/L, and =210 U/L respectively. In contrast, we
observed a U-shaped association between PTH concentration
and death risk in PD patients, with PTH concentrations of
less than 200 pg/mL and 700 pg/mL or more associated with
increased mortality (reference PTH: 200 to <300 pg/mL).
Hazard ratios and 95% CIs were 1.25 (1.12 to 1.41), 1.12
(1.02t01.23),1.06 (0.96 t0 1.18), 1.09 (0.97 to 1.24),1.12
(0.97 to 1.29), 1.18 (0.99 to 1.40), and 1.23 (1.09 to 1.38)
for PTH concentrations of <100 pg/mL, 100 to <200 pg/mL,
300 to <400 pg/mL, 400 to <500 pg/mL, 500 to <600 pg/mL,
600 to <700 pg/mL, and >700 pg/mL respectively. Compared
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with PD patients having serum concentrations of ALP and
PTH within reference ranges, patients on HD experienced
increased mortality across all ALP and PTH concentrations,
particularly those in the lowest and highest categories.

¢ Conclusions: Insummary, higher ALP concentrations are
associated with increased mortality, and lower and higher
PTH concentrations are both associated with death risk in
PD patients. The utility of ALP in the management of chronic
kidney disease mineral bone disorders in PD patients war-
rants further study.

Perit Dial Int 2014; 34(7):732-748 www.PDIConnect.com
epub ahead of print: 02 Jan 2014  doi:10.3747/pdi.2013.00110

KEY WORDS: CKD mineral bone disorders; alkaline
phosphatase; parathyroid hormone.

End—stage renal disease patients, including those treated
with peritoneal dialysis (PD), have an exceptionally
high cardiovascular risk that is not wholly explained by
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traditional risk factors (1). In dialysis patients, chronic
kidney disease mineral bone disorders (CKD-MBD)
are exceedingly common and have been implicated as
nontraditional risk factors for cardiovascular morbid-
ity and mortality (2). Guidelines from Kidney Disease
Improving Global Outcomes recommend serum alkaline
phosphatase (ALP) and parathyroid hormone (PTH) as
adjunctive testsin the assessment of bone turnover, and
mounting evidence suggests that derangementsin these
biomarkers are associated with coronary artery calcifica-
tion, cardiovascular events, sudden cardiac death, and
increased mortality in non-dialysis-dependent CKD and
hemodialysis (HD) patients (3-14). However, controversy
remains about whether there is additive value for ALPin
addition to PTH in CKD-MBD management (15-17).

Serum ALPis a metalloenzyme with wide tissue distri-
bution, butwith particularly high concentrationsin bone,
liver, intestine, and placenta (18). The bone isoform
of ALP is produced by osteoblasts and may be a more
specific indicator of bone turnover than is PTH, which
originates from the parathyroid glands and is influenced
by age, race, suboptimalassays, inflammation, and nutri-
tion and anthropometric status (19-23). Experimental
data suggest that ALP may be causally associated with
vascular calcification via hydrolysis of pyrophosphate,
a potent calcification inhibitor (18,24,25). Vascular
calcification is a measure of atherosclerotic burden
and—through effects on arterial compliance, pulse
pressure, and afterload—might also contribute to ven-
tricular hypertrophy and impaired coronary perfusion
(26). Moreover, it is highly correlated with cardiovas-
cular morbidity and mortality in dialysis patients (27).
Based on those data, ALP derangements might be
inferred to be an important risk factor for mortality in
dialysis patients.

Data from the US Renal Data System show that theinci-
dent PD population is rapidly growing and now accounts
for 7% of dialysis patients (28). It is plausible that bone
metabolism and morphology may beinherently different
in PD and HD patients because of the heightened risk of
vitamin D deficiency associated with peritoneal effluent
losses and because of differences in CKD-MBD manage-
mentin PD—specifically, greater use of oral vitamin Din
lieu of intravenous forms (29). To date, few studies have
examined the associations of ALP and PTH with mortality
in PD patients.

We hypothesized that ALP and PTH derangements are
associated with mortalityin both PD and HD patients. We
conducted the present study to examine the associations
of serum ALP and PTH concentrations with mortality in
PD patients, and to compare mortality-predictability
using those markers in HD and PD patients in a large
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contemporary cohort of dialysis patients having detailed
laboratory data and extended follow-up over which to
observe outcomes.

METHODS
STUDY POPULATION

We examined data for all end-stage renal disease
patients undergoing HD or PD in one of the DaVita out-
patient dialysis facilities from 1 July 2001 to 30 June
2006. Patients were followed for outcomes through
30 June 2009. Each patient’s baseline quarter was
the calendar quarter of entry into the cohort, and the
ascribed dialysis modality was the modalityin usein the
baseline quarter. Patients were included provided that
they were 18 years of age or older, had 1 or more ALP and
PTH measurements in the baseline quarter, and had no
missing data for key covariates or for follow-up time.

The study was approved by the Institutional Review
Committees of the Los Angeles Biomedical Research
Institute at Harbor-UCLA Medical Center and DaVita
Clinical Research. Given the large sample size, the ano-
nymity of the study patients, and the nonintrusive nature
of the research, requirement for consent was exempted.

SOCIODEMOGRAPHIC, COMORBIDITY, AND
LABORATORY MEASUREMENTS

The creation of the cohort has previously been described
(30). To minimize measurement variability, all repeated
clinical and laboratory measurements for each patient
duringany 13-week calendar quarter were averaged for up
to 20 entry calendar quarters (1 July 2001 through 30 June
2006), and summary estimates were used in all models.
Sociodemographic information and presence of diabetes
were obtained from the DaVita database.

Data on baseline comorbidities were obtained by link-
ing the DaVita database to US Renal Data System Medical
Evidence Form 2728 data, and the results were catego-
rized into these cardiovascular comorbidities: congestive
heartfailure, peripheralvascular disease, atherosclerotic
heart disease, and other cardiovascular diseases.

Inall DaVita dialysis clinics, blood samples were drawn
using standardized techniques and were transported to
the DaVita laboratoryin Deland, Florida, typically within
24 hours, where they were measured using automated
and standardized methods. Most laboratory parameters,
including serum ALP, were measured monthly, and serum
intact PTH was measured at least quarterly using a first-
generation immunoradiometric PTH assay (Nichols, San
Juan Capistrano, CA, USA) (31).
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EXPOSURE ASCERTAINMENT

In co-primary analyses, we examined how ALP and PTH
concentrations, separately, were associated with all-cause
mortality. Serum ALP was divided into 10 a priori catego-
ries:<50U/L, 50to<70U/L,70to<90U/L, 90to<110U/L,
110 to <130 U/L, 130 to <150 U/L, 150 to <170 U/L, 170
to <190 U/L, 190 to <210 U/L, and >210 U/L. Serum PTH
was divided into 8 a priori categories: <100 pg/mL, 100
to <200 pg/mL, 200 to <300 pg/mL, 300 to <400 pg/mL,
400 to <500 pg/mL, 500 to <600 pg/mL, 600 to <700 pg/
mL, and 2700 pg/mL. In secondary analyses, we exam-
ined mortality-predictability using low ALP (<120 U/L)
compared with high ALP (=120 U/L) within strata of low
PTH (<300 pg/mL) and high PTH (=300 pg/mL). The ALP
cut-off was selected based on the threshold above which
increased morbidity and mortality have been observedin
earlier studies (11,12,32), and the PTH cut-off was selected
based on the threshold above which treatment of second-
ary hyperparathyroidism is recommended in the Kidney
Disease Outcomes Quality Initiative guidelines (33).

OUTCOME ASCERTAINMENT

The outcome of interest was all-cause death ascer-
tained from the DaVita database and the US Renal Data
System database linkage. Patients were followed for the
outcome of interest until death or censoring for trans-
plantation, transfer to a non-DaVita dialysis clinic, or
end of the study (30 June 2007).

STATISTICAL ANALYSES

Baseline characteristics of the patients with high
and low ALP within the strata of high and low PTH were
compared using analysis of variance, Kruskal-Wallis, and
chi-square tests as dictated by data type. The associations
of baseline and time-averaged ALP with mortality in PD
patients were examined using Cox proportional hazards
regression. Pooled analyses were used to evaluate the
mortality-predictability for baseline and time-averaged
ALP in HD and PD patients. Analogous analyses were
used to examine the associations of baseline and time-
averaged serum PTH with mortality in PD patients, and
to compare mortality-predictability using baseline and
time-averaged PTH in HD and PD patients.

For each analysis, three sequential models, withincre-
mental multivariable adjustment for baseline covariates,
were examined:

e Unadjusted modelsincluded the exposure of interest
and the entry calendar quarter (to account for ALP
and PTH assay drift)
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e (Case-mix adjusted models included all covariates
in the unadjusted models, plus age, sex, race or
ethnicity (non-Hispanic African American, non-
Hispanic white, Hispanic, and Asian, with the first two
groups hereafter referred to as “black” and “white”
respectively), diabetes, baseline cardiovascular
comorbidities, active tobacco use, dialysis vintage,
primary insurance, marital status, body mass index,
and ferritin

* (Case-mix plus laboratory-adjusted models (“fully-
adjusted”) included all covariates in the case-mix
adjusted models, plus laboratory surrogates of
nutrition and inflammation (serum albumin, total
iron binding capacity, bicarbonate, creatinine, white
blood cell count, lymphocyte percentage, normal-
ized protein catabolic rate), calcium, phosphorus,
hemoglobin, and weekly dose of an erythropoiesis-
stimulating agent

Given that elevated ALP concentrations can also be
observed with liver disease, the fully-adjusted analyses of
ALP and mortality were repeated with additional adjust-
ment for serum aspartate aminotransferase (AST) as
sensitivity analyses. Missing covariate data were imputed
as appropriate. Plots of log[-log(survival rate)] against
log(survivaltime) were used to check the proportionality
assumption. All calculations were conducted using the
SAS software application (version 9.1: SAS Institute,
Cary, NC, USA) and Stata MP (version 10.1: StataCorp LP,
College Station, TX, USA).

RESULTS
COHORT DESCRIPTION

After excluding patients not on PD or HD during the
baseline quarter, less than 18 years of age, or with miss-
ing data for ALP, PTH, key covariates, or follow-up time,
the final study cohort consisted of 108 567 patients
among whom 9244 were on PD and 99 323 were on HD
(Figure 1). Examination of meaningful differences in
baseline characteristics for the included and excluded
patients receiving dialysis during the baseline quarter
demonstrated that those who were excluded were less
likely to be black or Hispanic or to receive Medicare or
Medicaid; likely to be white and to have a shorter dialysis
vintage and atherosclerotic heart disease; and likely to
have lower mean creatinine and ferritin concentrations
(Table 1).

Concentrations of ALP were similar in PD and HD
patients, and more than 60% of the patients using either
treatment modality had an ALP concentration less than
110 U/L [typical reference range: 25 - 100 U/L (34);

This single copy is for your personal, non-commercial use only.

For permission to reprint multiple copies or to order presentation-ready copies
for distribution, contact Multimed Inc. at marketing@multi-med.com



PDI NOVEMBER 2014 - VOL. 34, NO. 7

164 789 Davita
patients

13 699 patients
not on PD or HD
during baseline
quarter excluded

42 523 patients
age <18 years,
without PTH measurement,
without AP measurement,
missing key covariate data,
missing follow-up time
excluded

108 567 patients in
final cohort

W Vi

9244
PD patients

99 323
HD patients

Figure 1 — Study cohort creation. PD = peritoneal dialysis;
HD = hemodialysis; PTH = parathyroid hormone; AP =alkaline
phosphatase.

OSTEODYSTROPHY MARKERS AND DIALYSIS MODALITY

Figure 2]. However, PD patients manifested a higher
prevalence of PTH exceeding 300 pg/dL (48.1%vs 39.4%
of HD patients) and PTH exceeding 600 pg/dL (20.1% vs
13.8% of HD patients). Compared with HD treatment, PD
treatment was associated with a higher risk of having a
PTH concentration exceeding 300 pg/dL or exceeding
600 pg/dL after adjustment for case-mix and labora-
tory covariates [odd ratios (95% confidence intervals):
1.68 (1.60 to 1.76) and 1.73 (1.62 - 1.84) respectively;
Table 2].

Interms of baseline characteristics, patients with high
turnover markers (concordantly high ALP and PTH) were
more likely to be younger, female, black, and of longer
dialysis vintage. They were less likely to be white or dia-
betic, or to have atherosclerotic heart disease, and they
had higher mean creatinine and ferritin concentrations
than did patients with low turnover markers (concor-
dantly low ALP and PTH, Table 3).

ALP AND MORTALITY IN PD PATIENTS

The median follow-up time for the cohort was 2.7 years
(interquartile range: 1.3 - 4.3 years), during which time

TABLE 1
Baseline Characteristics for the Included and Excluded Patients?® Receiving Dialysis in the Baseline Quarter
Overall cohort Peritoneal dialysis Hemodjialysis
Variable Included  Excluded pValue Included Excluded pValue Included  Excluded pValue
Patients (n) 108 567 42523 9244 3490 99323 39033
Mean age (years) 60+16 59+17 <0.001 54+15 49420 <0.001 60+16 60+17 0.8
Sex (% female) 46 44 <0.001 48 46 0.2 45 44 <0.001
Race or ethnicity (%)
White 41 50 <0.001 51 55 <0.001 41 49 <0.001
Black 32 29 <0.001 24 25 <0.001 33 29 <0.001
Hispanic 15 10 <0.001 13 10 <0.001 16 10 <0.001
Asian 3 3 <0.001 4 3 <0.001 3 3 <0.001
Other 7 6 <0.001 6 5 <0.001 7 6 <0.001
M}.‘;Z”e:c’dy MaSS 26.946.9  26.9+7.3  0.004 26.4:6.0  25.847.1 0.003 26.9:7.0  27.0:7.3  0.05
Active tobacco 5 5 <0.001 6 4 <0.001 5 5 0.008
use (%)
Comorbidities (%)
Diabetes 57 55 <0.001 49 43 <0.001 58 56 <0.001
CHF 27 28 <0.001 16 16 <0.001 28 29 <0.001
AHD 20 23 <0.001 15 15 <0.001 21 23 <0.001
PVD 11 12 <0.001 8 8 <0.001 11 12 0.02
Other cardiac 5 7 <0.001 4 4 <0.001 6 7 <0.001
disease
735
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TABLE 1 (cont’d)

Overall cohort Peritoneal dialysis Hemodialysis
Variable Included  Excluded pValue Included Excluded pValue Included  Excluded p Value
Dialysis vintage (%)
3to <6 Months 57 47 <0.001 49 31 <0.001 57 43 <0.001
6 Months to 17 22 <0.001 17 19 0.09 17 25 <0.001
<2 years
2 to <5 Years 17 19 <0.001 18 25 <0.001 16 21 <0.001
>5 Years 10 12 <0.001 15 25 <0.001 9 12 <0.001
Primary insurance (%)
Medicare 68 67 <0.001 68 69 0.1 68 69 0.003
Medicaid 8 4 <0.001 3 4 0.01 6 4 <0.001
Other 26 29 <0.001 29 27 0.03 26 27 <0.001
Marital status (%)
Married 49 51 <0.001 60 51 <0.001 48 51 <0.001
Single 8 7 >0.9 9 7 <0.001 8 7 <0.001
Divorced 28 28 <0.001 23 35 0.002 28 27 <0.001
Widowed 15 14 <0.001 8 8 0.05 16 15 <0.001
Laboratory variables
Ferritin (ng/mL)
Median 379 343 <0.001 275 295 <0.001 389 354 <0.001
IQR 177-712 166-649 122-586 131-582 183-723 174-652
Hfg”}gﬁ;"bm 121414 11.9+1.5 <0.001 12.0¢#1.5  11.9+1.6 <0.001 12.1#1.4 11.9+1.5 <0.001
S‘E;gl‘;‘lb”""" 3.7:0.5  3.5:0.6 <0.001 3.6+0.5  3.6+0.6  0.02  3.7+0.5  3.5:0.6 <0.001
TIBC (ug/dL) 211.0+46.5 207.04¢51.9 <0.001 230.0%53.6 225.0+55.4 0.004 210.0+45.5 205.0+51.1 <0.001
Bicarbonate 225831 22.843.4 <0.001 24.3+3.4  241+3.5 0.01 22.3#3.0 22.7#3.4 <0.001
(mmol/L)
S‘z;”g"};[‘;at'm"e 8.243.4  7.243.4 <0.001 8.6+3.7  8.3%3.7 <0.001 8.2:3.3  7.043.3  <0.001

WBC count (x10%/L) 7.4%2.5 7.842.9  <0.001  7.5+2.6 7.6+2.7 0.3 7.4+2.4 7.843.0  <0.001
Lymphocytes (%) 20.6+7.8  19.6+8.5 <0.001 19.8%7.7 21.1+9.4 <0.001 20.7+7.8  19.5%8.4 <0.001
Calcium (mg/dL) 9.2+0.7 9.2+¢0.8 <0.001 9.2+0.8 9.2+0.9 0.1 9.2+0.7 9.2£¢0.8  <0.001
Phosphorus

5.6+1.5 5.4%+1.6 <0.001 5.4+1.5 5.5+1.7 <0.001 5.6+1.5 5.4+1.6 <0.001
(mg/dL)

CHF = congestive heart failure; AHD = atherosclerotic heart disease; PVD = peripheral vascular disease; IQR =interquartile range;

TIBC = totaliron binding capacity; WBC = white blood cell.

2 Does not consider patients with unknown modality, loss to follow-up, renal recovery, death, ortransplantation during the baseline
quarter.

b Data are presented as means + standard deviation or proportions, unless otherwise indicated. Significance testing performed
by 2-sample t-tests, Wilcoxon rank-sum tests, or chi-square tests.

56005 all-cause deaths occurred. In analyses considering to <90 U/L). Sensitivity analyses adjusted for AST were
baseline measurements, higher ALP concentrations were qualitatively similar (Table 5). When the data were exam-
associated with increased mortality among PD patients inedin quintiles, a graded association between higher ALP
inthe unadjusted, case-mix, and fully-adjusted analyses quintile and mortality was evident (Figure 4).

[Figure 3(A), Table 4]. In the fully-adjusted analyses, ALP In fully-adjusted analyses considering time-averaged
concentrations less than 50 U/L were associated with measurements, we observed a J-shaped association
lower mortality, and ALP concentrations exceeding 90 U/L between ALP concentration and mortalityin PD patients

were associated with higher mortality (reference ALP: 70 [Figure 3(B), Table 4]. Concentrations of ALP less than
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Figure 2 — Distribution of (A) baseline serum alkaline phos-
phatase and (B) parathyroid hormone concentrations in the
peritoneal dialysis (PD) and hemodialysis (HD) patients.

TABLE 2
0dds Ratio of a Baseline Serum Parathyroid Hormone
(PTH) Concentration Exceeding the Clinically Relevant
Threshold in Peritoneal Dialysis Patients (n=9 422)
Compared with Hemodialysis Patients (n=99 323).

Baseline 0dds ratio (95% confidence interval)
PTH Unadjusted?® Multivariable adjusted®
>300 pg/dL  1.43 (1.37t01.49)  1.68 (1.60 to 1.76)
>600 pg/dL  1.55 (1.47 to 1.64)  1.73 (1.62 to 1.84)

2 Included dialysis modality and entry calendar quarter.

bIncluded case-mix model covariates, plus body mass in-
dex, ferritin, serum albumin, total iron binding capacity,
creatinine, white blood cell count, lymphocyte percentage,
normalized protein catabolic rate, hemoglobin, calcium,
phosphorus, and alkaline phosphatase.

70 U/L were not associated with lower mortality, but
ALP concentrations exceeding 150 U/L were associated
with higher mortality (reference ALP: 70 to <90 U/L).
Sensitivity analyses adjusted for AST were qualitatively
similar (Table 5).

This single copy is for your personal, non-commercial use only.
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When baseline ALP and PTH concentrations were
jointly considered (with patients having concordantly low
ALP and PTH as the reference), mortality was increased
in patients with high ALP regardless of PTH stratum, but
patients with low ALP and high PTH were not atincreased
risk (Table 6).

PTH AND MORTALITY IN PD PATIENTS

In analyses considering baseline measurements, the
associations of PTH concentrations with all-cause mor-
talityin PD patients varied in the unadjusted, case-mix,
and fully-adjusted analyses [Figure 5(A), Table 4]. In
fully-adjusted analyses, higher PTH and mortality were
not significantly associated. However, when examined
in quintiles, a J-shaped association between higher PTH
quintile and mortality was observed (Figure 4).

Inanalyses considering time-averaged measurements,
the associations of PTH concentrations with all-cause
mortality in PD patients varied in the unadjusted, case-
mix, and fully-adjusted analyses [Figure 5(B), Table 4].
In fully-adjusted analyses, we observed a U-shaped
PTH-mortality association in which PTH concentrations
less than 200 pg/mL and 600 pg/mL or greater were
associated with increased mortality (reference PTH: 200
to <300 pg/mL).

MORTALITY-PREDICTABILITY USING ALP AND PTH IN HD AND
PD PATIENTS

Among HD and PD patients, the mortality-predictability
using ALP concentrations was compared in fully-adjusted
analyses. In analyses of baseline ALP values (PD patients
with ALP70t0<90 U/L being the reference), incrementally
higher ALP values showed a relatively linear association
with mortality in HD and PD patients alike [Figure 6(A),
Table 7]. In analyses of time-averaged ALP measure-
ments, HD patients experienced increased mortality at
all concentrations, with the greatest risk occurringin the
highestand lowest ALP categories. In contrast, PD patients
experienced increased mortality with ALP values exceed-
ing 150 U/L [Figure 6(B), Table 7]. Sensitivity analyses
adjusted for AST were qualitatively similar (Table 8).

In HD and PD patients, the mortality-predictability
using PTH concentrations was compared in fully-adjusted
analyses (PD patients having a PTH value of 200 to
<300 pg/mL being the reference group). In analyses
of baseline PTH values, we observed a relatively linear
association between higher PTH and mortality in HD
patients; in PD patients, the lowest PTH category was
associated with a survival benefit [Figure 7(A), Table 7].
In analyses of time-averaged PTH measurements, HD

737

For permission to reprint multiple copies or to order presentation-ready copies
for distribution, contact Multimed Inc. at marketing@multi-med.com



RHEE et al. NOVEMBER 2014 - VOL. 34, NO. 7 PDI

TABLE 3
Baseline Characteristics of 9244 Peritoneal Dialysis Patients by Baseline Serum Alkaline Phosphatase
and Parathyroid Hormone

Serum alkaline phosphatase

<120 U/L >120 U/L
Serum parathyroid hormone Serum parathyroid hormone
Variable <300 pg/mL >300 pg/mL <300 pg/mL >300 pg/mL
Patients (n) 3631 2792 1173 1648
Mean age (years) 57+15 52+16 56+15 49+15
Women (%) 45 45 53 56
Race or ethnicity (%)
White 58 46 55 40
Black 18 30 17 34
Hispanic 13 12 16 15
Asian 5 5 3 4
Other 6 6 8 6
Mean BMI 26.4+5.8 26.7+6.0 25.6+5.7 26.31£6.4
Active tobacco use (%) 5 5 6 6
Comorbidities (%)
Diabetes 51 41 67 48
CHF 16 12 21 16
AHD 17 11 18 14
PVD 9 5 11 7
Other cardiac disease 5 3 4 3
Vintage (%)
3 to <6 Months 7 8 8 8
6 to <24 Months 30 27 30 21
2 to <5 Years 38 36 34 33
>5 Years 25 29 28 38
Primary insurance (%)
Medicare 68 64 75 69
Medicaid 2 3 3 4
Other 30 33 22 26
Marital status (%)
Married 64 60 59 50
Single 18 25 23 31
Divorced 8 8 9 1
Widowed 10 7 9 8
Laboratory variables
Ferritin (ng/mL)
Median 260 253 352 316
IQR 116,549 118,536 141,678 125,664
Hemoglobin (g/dL) 12.1+1.4 11.9+£1.5 12.1+1.5 11.9+£1.5
Serum albumin (g/dL) 3.6+0.4 3.7+0.5 3.4%0.5 3.6x0.5
TIBC (ng/dL) 235.0+53.1 232.0+51.5 219.0+58.1 223.0+53.9
Bicarbonate (mmol/L) 24.8+3.3 24.1+3.3 24.2+3.5 23.5%£3.5
Serum creatinine (mg/dL) 8.243.5 9.6+3.8 7.243.0 9.0+3.6
WBC count (x10°/L) 7.5%2.4 7.3+2.2 8.2+3.6 7.5+2.6
Lymphocytes (%) 19.3+7.4 20.0£8.0 18.4+7.5 20.1+8.0
Calcium (mg/dL) 9.3+0.7 9.2+0.8 9.140.8 9.240.9
Phosphorus (mg/dL) 5.1+1.4 5.8+1.6 5.0+1.4 5.7+1.6

BMI = body mass index; CHF = congestive heart failure; AHD = atherosclerotic heart disease; PVD = peripheral vascular disease;
IQR =interquartile range; TIBC = total iron-binding capacity; WBC = white blood cell.
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Figure 3 — All-cause mortality hazard ratios for (A) baseline and (B) time-averaged serum alkaline phosphatase in 9244 peritoneal
dialysis patients. Unadjusted models included the exposure of interest and entry calendar quarter. Case-mix adjusted models
included unadjusted model covariates, plus age, sex, race or ethnicity, diabetes, congestive heart failure, atherosclerotic heart
disease, peripheralvascular disease, other cardiac disease, active tobacco use, dialysis vintage, primaryinsurance, marital status,
body mass index, and ferritin. Fully-adjusted models included case-mix model covariates, plus serum albumin, totaliron binding
capacity, bicarbonate, creatinine, white blood cell count, lymphocyte percentage, normalized protein catabolic rate, calcium,
phosphorus, hemoglobin, and weekly dose of erythropoiesis-stimulating agents.

TABLE 4
Hazard Ratios (HRs) for All-Cause Mortality by Baseline and Time-Averaged Serum Alkaline Phosphatase (ALP) and
Parathyroid Hormone (PTH) Concentrations in 9244 Peritoneal Dialysis Patients

Serum Baseline concentration Time-averaged concentration
concentration  Unadjusted®  Case-mix adjusted® Fully-adjusted® Unadjusted®  Case-mix adjusted® Fully-adjusted®
group HR  95% (I HR  95% (I HR  95% (I HR  95% (I HR  95%CI HR  95% (I
ALP (U/L)
0.60 to 0.61to 0.63to 0.56 to 0.51to 0.57 to
<50 0.73 0.90 0.75 0.91 0.77 0.95 0.77 1.06 0.70 0.97 0.79 1.09
50 to 0.82to 0.86 to 0.86 0.84to 0.85to 0.87 to
<70 0.91 1.01 0.95 1.05 0.95 to 1.05 0.95 1.08 0.96 1.09 0.98 1.11
70 to
<90 Reference Reference Reference Reference Reference Reference
90to 1.05to 1.07 to 1.04 to 0.91to 0.98 to 0.94 to
<110 1.16 1.27 117 1.29 115 1.26 1.01 1.11 1.09 1.20 1.04 1.14
110 to 1.03 to 1.06 to 1.02 to 0.91to 1.08 to 0.96 to
<130 115 1.28 118 1.31 113 1.26 1.01 1.12 1.20 1.33 1.06 1.18
130 to 1.13to 1.18 to 1.14 to 0.91to 0.99to 0.88 to
<150 1.28 1.45 1.34 1.52 1.29 1.46 1.02 1.15 112 1.26 0.99 1.12
150 to 1.11to 1.32to 1.25to 0.96 to 1.17 to 1.03 to
<170 1.29 1.49 1.53 1.78 1.46 1.69 1.10 1.25 1.34 1.54 118 1.36
170 to 0.97 to 1.11to 1.03 to 0.95 to 1.31to 1.08 to
<190 1.16 1.40 1.34 1.60 1.24 1.49 11 1.31 1.54 1.82 127 1.50
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TABLE 4 (cont’d)
Serum Baseline concentration Time-averaged concentration
concentration  Unadjusted®  Case-mix adjusted® Fully-adjusted® Unadjusted®  Case-mix adjusted® Fully-adjusted®
group HR  95%(I HR  95% (I HR  95% (I HR  95%(I HR  95% (I HR  95% (I
190 to 1.07 to 1.24 to 1.13to 1.09 to 1.58 to 1.23 to
<210 1.29 1.57 151 1.83 1.37 1.66 1.31 1.57 1.90 2.29 1.49 1.79
1.38to 1.86 to 1.65to 1.19to 1.59to 1.19to
>
>210 1.57 1.77 2.12 2 40 1.87 513 1.34 1.50 1.80 2 04 1.35 153
PTH (pg/mL)
0.97 to 0.89 to 0.83to 1.53to 1.28to 1.12 to
<100 1.08 119 0.99 1.09 0.92 1.03 1.72 1.93 1.43 1.61 1.25 1.4
100 to 0.93to 0.93to 0.89to 1.18 to 1.04 to 1.02 to
<200 1.03 1.13 1.03 1.14 0.98 1.09 1.30 1.42 1.14 1.25 112 1.23
200 to
<300 Reference Reference Reference Reference Reference Reference
300to 0.79to 0.89to 0.85to 0.82to 0.98to 0.96 to
<400 0.88 0.98 0.99 1.11 0.96 1.07 0.92 1.02 1.09 1.21 1.06 1.18
400 to 0.74 to 0.94 to 0.94to 0.77 to 1.00 to 0.97 to
<500 0-85 0.97 1.08 1.23 1.08 1.23 0.87 0.98 113 1.28 1.09 1.24
500 to 0.76 to 0.97 to 0.91to 0.77 to 1.06 to 0.97 to
<600 0.87 1.00 1.1 1.28 1.05 1.21 0.88 1.02 1.2z 1.40 112 1.29
600 to 0.63 to 0.88 to 0.81to 0.68 to 1.06 to 0.99to
<700 0.74 0.88 1.05 1.24 0-96 1.14 0-80 0.95 1.26 1.50 118 1.40
0.65to 1.02 to 0.92to 0.74 to 1.28to 1.09 to
>
2700 0.73 0.82 1.15 1.28 1.03 116 0.82 0.92 1.43 1.60 1.23 1.38

(I = confidenceinterval.

2 Included the exposure of interest and entry calendar quarter.

b Included unadjusted model covariates, plus age, sex, race or ethnicity, diabetes, congestive heart failure, atherosclerotic heart
disease, peripheral vascular disease, other cardiac disease, active tobacco use, dialysis vintage, primary insurance, marital
status, body mass index, and ferritin.

¢ Included case-mix model covariates, plus serum albumin, totaliron binding capacity, bicarbonate, creatinine, white blood cell
count, lymphocyte percentage, normalized protein catabolic rate, calcium, phosphorus, hemoglobin, and weekly erythropoietin-
stimulating agent dose.

patients experienced increased mortality at all PTH
concentrations, with the greatest risk occurring in
the lowest and highest PTH categories. In contrast, PD
patients experienced increased mortality in the lowest
and highest PTH categories only [Figure 7(B), Table 7].

DISCUSSION

In this large, contemporary cohort of PD patients, we
examined associations between biochemical markers of
bone turnover and all-cause mortality. In analyses of
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baseline and time-averaged measurements, we found a
significant association between higher serum ALP and
mortalityin PD patients that remained robustin multiple
secondary and sensitivity analyses. We also observed a
U-shaped association between time-averaged PTH and
mortality in PD patients.

Elevated serum ALP might contribute to increased
mortality by several mechanisms. Although found in a
diverse set of tissues, ALP, when elevated, is commonly
considered a marker of high bone turnover in dialysis
patients (3,18). However, increasing evidence suggests

This single copy is for your personal, non-commercial use only.

For permission to reprint multiple copies or to order presentation-ready copies
for distribution, contact Multimed Inc. at marketing@multi-med.com



PDI NOVEMBER 2014 - VOL. 34, NO. 7

TABLE 5
Hazard Ratios (HRs) for All-Cause Mortality by Baseline
and Time-Averaged Serum Alkaline Phosphatase (ALP)
in 9244 Peritoneal Dialysis Patients with Additional
Adjustment for Serum Aspartate Aminotransferase®

Serum ALP Baseline Time-averaged

concentration concentration concentration

group (U/L) HR 95% (I HR 95% (I
<50 0.77 0.63t00.95 0.79 0.57to1.10
50to <70 0.95 0.86to1.05 0.98 0.87to1.11

70to0 <90 Reference Reference

90 to <110 1.15 1.04to0 1.26 1.04 0.94to01.14
110 to <130 1.13 1.02to0 1.26 1.06 0.95t01.18
130 to <150 1.29 1.14to0 1.46 0.99 0.88to01.11
150 to <170 1.46 1.25t01.70 1.18 1.03to01.35
170 to <190 1.25 1.04to01.50 1.26 1.07 to 1.48
190 to <210 1.37 1.13to0 1.67 1.49 1.23t01.79
>210 1.89 1.65t02.15 1.33 1.17to 1.51

(I = confidenceinterval.

@ Models included serum ALP concentration, entry calendar
quarter, age, sex, race or ethnicity, diabetes, congestive
heartfailure, atherosclerotic heart disease, peripheral vascu-
lar disease, other cardiac disease, active tobacco use, dialysis
vintage, primary insurance, marital status, body mass
index, serum albumin, ferritin, total iron binding capacity,
bicarbonate, creatinine, white blood cell count, lymphocyte
percentage, normalized protein catabolic rate, calcium,
phosphorus, hemoglobin, weekly dose of erythropoiesis-
stimulating agent, and serum aspartate aminotransferase.

that ALP is not simply a marker of poor bone health, but
that it might also be a mediator of vascular calcifica-
tion, whichis a predictor of mortality in dialysis patients
(18,24,25). In animal studies, nonspecific ALP has been
shown to hydrolyze pyrophosphate, which is a potent
inhibitor of vascular calcification that prevents incor-
poration of inorganic phosphate into hydroxyapatite
crystals (24,25). Alkaline phosphatase has been shown
to be upregulated in calcified diabetic arteries and in
the blood vessels of kidney disease patients with calci-
phylaxis (35,36). In animal models, genetic ablation of
tissue-nonspecific ALP has been shown to ameliorate
vascular calcification (37). Additionally, levamisole,
a nonspecific ALP inhibitor, has been shown to reduce
the hydrolysis rate of pyrophosphate in uremic rat
aortas (25). Emerging data demonstrating an asso-
ciation between ALP and coronary artery calcification,
cardiovascular hospitalization, cardiovascular events,
and sudden cardiac death in HD patients further cor-
roborate a link between ALP and cardiovascular disease
(6,12-14,25). Other potential mechanisms by which
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Figure 4 — All-cause mortality hazard ratios, with 95% confi-
dence intervals (CIs), for baseline alkaline phosphatase (AP)
and parathyroid hormone (PTH) quintiles in 9244 peritoneal
dialysis patients. The Cox regression models included the ex-
posure of interest, entry calendar quarter, age, sex, race or
ethnicity, diabetes, congestive heart failure, atherosclerotic
heart disease, peripheral vascular disease, other cardiac dis-
ease, active tobacco use, dialysis vintage, primary insurance,
marital status, body massindex, ferritin, serum albumin, total
iron binding capacity, bicarbonate, creatinine, white blood cell
count, lymphocyte percentage, normalized protein catabolic
rate, calcium, phosphorus, hemoglobin, and weekly dose of
erythropoiesis-stimulating agents.

elevation of ALP might be associated with cardiovascular
morbidity and mortality include 25-hydroxyvitamin D
deficiency and inflammation (38,39).

To our knowledge, the present study is the first to
show that ALP elevations are associated with increased
mortality in PD patients. Many, but not all, studies
(40,41) show that increased ALP is associated with
greater mortality across heterogeneous groups including
HD patients, kidney transplant recipients, non-dialysis-
dependent CKD patients, and the general population
(4-6,8,10,11,13,32,42-45). In contrast, Filipowiczetal.
(40) and Yeoh and Sivaraman (41) recently demonstrated
that skeletal ALPis not associated with increased serum
C-reactive protein or deathin CKD and non-CKD cohorts,
suggesting that bone disease is unlikely to account
for the observed associations of ALP with inflamma-
tion and mortality. However, the low representation of
participants with advanced CKD in the aforementioned
studies limits generalizability of the results to dialysis
populations, and it is plausible that the associations
between skeletal ALP and mortality may be differentin PD
patients thaninindividuals with lesser degrees of kidney
dysfunction. In the only prior study to examine the ALP-
mortality associationin PD patients, baseline ALP greater
than 130 U/L was not associated with 6-month mortality
by logistic regression (41); however, interpretation of
those data is limited by small sample size, short-term
follow-up andinattention to finer gradations of ALP, and
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TABLE 6
All-Cause Mortality by Baseline Serum Alkaline Phosphatase and Parathyroid Hormone in
9244 Peritoneal Dialysis Patients

Unadjusted? Case-mix adjusted® Fully adjusted®
Variable HR 95% CI HR 95% CI HR 95% CI
Alkaline phosphatase <120 U/L
Parathyroid hormone
<300 pg/mL Reference Reference Reference
>300 pg/mL 0.80 0.74t0 0.86 1.05 0.97 to 1.14 1.01 0.93to 1.10
Alkaline phosphatase > 120 U/L
Parathyroid hormone
<300 pg/mL 1.49 1.36to 1.63 1.50 1.37 to 1.65 1.39 1.26 to 1.52
>300 pg/mL 0.98 0.90to 1.07 1.42 1.30to 1.56 1.35 1.23t0 1.48

HR = hazard ratio; CI=confidence interval.

2 Models included the exposure of interest and entry calendar quarter.

b Models included unadjusted model covariates, plus age, sex, race or ethnicity, diabetes, congestive heart failure, atherosclerotic
heart disease, peripheralvascular disease, other cardiac disease, active tobacco use, dialysis vintage, primaryinsurance, marital
status, body mass index, and ferritin.

¢ Modelsincluded case-mix model covariates, plus serum albumin, totaliron binding capacity, bicarbonate, creatinine, white blood
cell count, lymphocyte percentage, normalized protein catabolic rate, calcium, phosphorus, hemoglobin, and weekly dose of
erythropoiesis-stimulating agents.

1000 1000
(A) = = e~ — = Unadusted (B) — —————— Unadpsted
——y — Case-mix r— —_—— — Case-mix
—p Fylly-adjusted 5 e Fu|ly-adjusted
o — I 800 o 18- L 800
‘ﬁ -
o 144 — & 1.6
2 T
g N 14
1.2 4 - 600 T 3
8 % g 600 >
2 L & 2 42 5
© ] % © =
I o - S : 3 < @
= 1 sl Laoo =4 400 W
Q -]
g E
3 o8 3
= = 084
< L 200 < L 200
- - - - - - - . 0 T T T T T T T T 0
o0 z 0 0 0 0 0 0 400
A \00;.@0 7,00“:90300“1‘00‘\00“500 500,4@0 @0,4100 ,,TW A9 \OQ,A'ﬂ ,&0,4'59 0 &0’6)0 5@.460 @.‘10 10
Baseline Parathyroid Hormone (pg/ml) Time-Averaged Parathyroid Hormone (pg/ml)

Figure 5 — All-cause mortality hazard ratios for (A) baseline and (B) time-averaged serum parathyroid hormonein 9244 peritoneal
dialysis patients. Unadjusted models included the exposure of interest and entry calendar quarter. Case-mix adjusted models
included unadjusted model covariates, plus age, sex, race or ethnicity, diabetes, congestive heart failure, atherosclerotic heart
disease, peripheralvascular disease, other cardiac disease, active tobacco use, dialysis vintage, primaryinsurance, marital status,
body massindex, and ferritin. Fully-adjusted models included case-mix model covariates, plus serum albumin, totaliron binding
capacity, bicarbonate, creatinine, white blood cell count, lymphocyte percentage, normalized protein catabolic rate, calcium,
phosphorus, hemoglobin, and weekly dose of erythropoiesis-stimulating agents.

censoring events. In contrast, our findings suggest that, example) have been shown to lower ALP concentrations,
when examined as a baseline measurement, elevated ALP further study is needed to determine if a reduction in
isassociated with increased mortalityin PD patients, even serum ALP leads to improved outcomes (46,47).

within high-normalranges. Given that several therapeutic It is important to note that, in contrast with the
interventions (activated vitamin D and calcimimetics, for analyses of baseline measurements, the analyses using
742
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Figure 6 — Comparison of the association between (A) baseline and (B) time-averaged serum alkaline phosphatase (ALP) in 99 323
hemodialysis (HD) patients and 9244 peritoneal dialysis (PD) patients (reference group: PD patients with serum ALP 70 U/L to
<90 U/L). Unadjusted models included the exposure of interest and entry calendar quarter. Case-mix adjusted models included
unadjusted model covariates, plus age, sex, race or ethnicity, diabetes, congestive heart failure, atherosclerotic heart disease,
peripheral vascular disease, other cardiac disease, active tobacco use, dialysis vintage, primary insurance, marital status, body
massindex, and ferritin. Fully-adjusted models included case-mix model covariates, plus serum albumin, totaliron binding capacity,
bicarbonate, creatinine, white blood cell count, lymphocyte percentage, normalized protein catabolic rate, calcium, phosphorus,
hemoglobin, and weekly dose of erythropoiesis-stimulating agents.

time-averaged measurements did not show a signifi-
cantly lower risk of death in the lowest ALP categories.
Several explanations for this discrepancy are possible.
First, time-averaged analyses may better capture the
impact of long-term, cumulative ALP exposure. In con-
trast, baseline ALP might be subject to misclassification
and subsequent bias because of single-point-in-time
measurements. Thus, findings from the time-averaged
analyses might represent the long-term effects of ady-
namic bone disease in which complications of fracture,
hypercalcemia, and cardiovascular calcification may
mitigate any survival benefit conferred by low ALP con-
centrations (48-50). However, given the trend toward
lower mortality risk in patients from the lowest time-
averaged ALP strata, itis also possible that the analyses
were insufficiently powered because the prevalence of
PD patients in this category was notably low. Additional
studies are needed to clarify the prognosticimplications
of low ALPin PD patients.

In the present study, we also observed a U-shaped
association between time-averaged PTH and mortality
in PD patients. In studies of HD patients, high PTH has
been associated with increased death risk, presumably
because of effects on vascular calcification (2,8,51,52).
Furthermore, studies using serial measurements have
also suggested that low PTH is associated with increased
mortality (8). In addition to adynamic bone disease,
risk factors for low PTH (advanced age, white race,
high calcium load, protein-energy wasting) and their

potential sequelae (withholding of activated vitamin D
and calcimimetics) might serve as links between low
PTH and mortality (20). Few prior studies have exam-
ined mortality-predictability using PTH exclusively in
PD patients, and the available results are mixed. In
two small studies that used different PTH cut-offs,
neither low nor high PTH was associated with mortal-
ity (53). In contrast, low PTH concentrations (<65 pg/
mL and 65 - 199 pg/mL) compared with concentra-
tions greater than 200 pg/mL were associated with
increased death riskin one study of PD patients (53,54).
However, for PTH concentrations exceeding 200 pg/
mL, a distinction was not made between concentrations
of 300 pg/mL or less and concentrations greater than
300 pg/mL, and serial measurements were not consid-
ered. To address that uncertainty, we examined baseline
and time-averaged PTH with finer granularity. In baseline
analyses, we did not observe a significant associa-
tion with death risk, but in time-averaged analyses, a
U-shaped association emerged.

Early studies suggested that, compared with their
HD counterparts, PD patients have a disproportion-
ately higher prevalence of low bone turnover, but those
investigations were largely conducted before adoption
of lower-calcium PD solutions (55). For that reason, we
compared the distribution of and mortality-predictability
for bone turnover markers according to dialysis modal-
ity. More than 60% of PD and HD patients manifested
ALP concentrations consistent with normal-to-low bone
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TABLE 7
Hazard Ratios (HRs) for All-Cause Mortality by Baseline and Time-Averaged Serum Alkaline Phosphatase (ALP) and
Parathyroid Hormone (PTH) in 9244 Peritoneal Dialysis and 99 323 Hemodialysis Patients?

Serum Baseline concentration Time-averaged concentration
concentration Peritoneal dialysis Hemodialysis Peritoneal dialysis Hemodialysis
group HR 95% (I HR 95% (I HR 95% (I HR 95% (I
ALP (U/L)
<50 0.78  0.64t00.95 0.84 0.77t00.92 0.76  0.55t0 1.05 1.28  1.14to 1.45
50to <70 0.96 0.87to1.07 0.93 0.86to01.00 0.96 0.85t01.08 1.12 1.04to1.21
70t0 <90 Ref 1.00 0.93to 1.07 Ref 1.09 1.02to01.18
90 to <110 1.14  1.04to1.25 1.11 1.03t0 1.18 1.05 0.95t01.16 1.11 1.03to0 1.19
110 to <130 1.13  1.01to 1.25 1.19 1.11to 1.28 1.08 0.97to01.20 1.14 1.06to 1.22
130to <150 1.28  1.13to 1.44 1.28 1.19t01.38 1.00 0.89to01.12 1.22 1.13to01.32
150 to <170 1.47  1.27t01.70 1.36  1.26to 1.47 1.19 1.04to 1.36 1.27 1.18t0 1.38
170 to <190 1.31  1.09to 1.57 1.44  1.32t01.56 1.28  1.09to 1.50 1.29 1.19to 1.40
190 to <210 1.44  1.19to1.74 1.46  1.34t01.59 1.53 1.27t01.83 1.29 1.18to 1.41
2210 1.91 1.68t0 2.16 1.62 1.51to 1.74 1.42  1.26t01.60 1.52 1.41to 1.64
PTH (pg/mL)
<100 0.91 0.82to1.00 0.90 0.84t00.97 1.23 1.10to 1.38 1.31 1.22 to 1.41
100 to <200 0.99 0.90to1.09 0.92 0.86t00.99 1.10 1.01to1.21 1.14  1.07to 1.22
200 to <300 Ref 0.92 0.86t00.99 Ref 1.07 1.00to 1.15
300 to <400 0.95 0.85t01.06 0.97 0.90to 1.04 1.04 0.94to1.16 1.11 1.03t0 1.18
400 to <500 1.05 0.92t01.19 1.04 0.96to1.12 1.06 0.94t01.20 1.22 1.14to 1.31
500 to <600 1.05 0.92to1.21 1.05 0.96to1.13 1.12 0.97t01.28 1.18 1.10to 1.28
600 to <700 0.94 0.79to1.12 1.11 1.02to 1.21 1.13 0.96to 1.34 1.30 1.20to 1.41
2700 1.04 0.93t01.16 1.21 1.12t0 1.31 1.21  1.08to0 1.34 1.46  1.36to 1.57

CI=confidence interval.

@ Models were adjusted for entry calendar quarter, age, sex, race or ethnicity, diabetes, congestive heart failure, arteriosclerotic
heart disease, peripheralvascular disease, other cardiac disease, active tobacco use, dialysis vintage, primaryinsurance, marital
status, body mass index, ferritin, serum albumin, totaliron binding capacity, bicarbonate, creatinine, white blood cell count,
lymphocyte percentage, normalized protein catabolic rate, calcium, phosphorus, hemoglobin, and weekly dose of erythropoiesis-

stimulating agent.

turnover. However, in contrast with earlier data, PD
patients had higher odds of having an increased PTH
concentration, even after accounting for case-mix and
laboratory differences. The disproportionate risk of high
bone turnover disease in PD patients compared with HD
patients might relate to losses of vitamin Din peritoneal
effluent and poor adherence to oral vitamin D therapy,
but further study is needed (29).

When comparing the mortality-predictability for time-
averaged ALP in HD and PD patients (using PD patients
with normal concentrations as the reference group), PD
patients experienced increased mortality at higher ALP
concentrations, but HD patients experienced increased
mortality at all ALP concentrations, particularly in the
lowest and highest strata. Similarly, when HD patients
were compared with PD patients having normal PTH
levels, a U-shaped association was observed between
time-averaged PTH and mortality in PD patients, but
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HD patients experienced increased mortality at all PTH
concentrations, especially the lowest and highest cat-
egories. Despite extensive adjustment for covariates,
residual confounding on the basis of comorbidity status
and therapeutic management of PD patients compared
with HD patients might yet remain; nevertheless, the
data suggestthat ALPand PTH derangements have nega-
tive prognosticimplicationsin PD and HD patients alike.

Our study has several strengths, including its contem-
porary timeframe, a large sample of PD and HD patients,
uniform laboratory measurements conductedin a single
facility, extended follow-up, and extensive measurement
and adjustment for confounders. Yet several limitations
bear mention. First, we are unable to confirm that ele-
vated ALP measurements originate from a skeletal source
or that CKD-MBD pathways underlie the ALP-mortality
association. However, analyses adjusted for elevationsin
a liver enzyme as a possible confounder did not change
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TABLE 8
Hazard Ratios for All-Cause Mortality by Baseline and Time-Averaged Serum Alkaline Phosphatase in
9244 Peritoneal Dialysis and 99 323 Hemodialysis Patients with Additional Adjustment for
Serum Aspartate Aminotransferase

Serum ALP Baseline concentration Time-averaged concentration
concentration Peritoneal dialysis Hemodjialysis Peritoneal dialysis Hemodjialysis

(U/L) HR 95% (I HR 95% (I HR 95% (I HR 95% (I
<50 0.78 0.64t00.95 0.85 0.77t00.92 0.77  0.56to 1.06 1.28 1.14to1.45
50to <70 0.96 0.87to 1.07 0.94  0.87to01.00 0.96 0.85t01.09 1.12 1.03to1.21
70 to <90 Reference 1.00 0.94t01.08 Reference 1.09  1.01to1.17
90to <110 1.14 1.04to01.25 1.11 1.04t0 1.19 1.05 0.95t01.15 1.10 1.02t0 1.18
110 to <130 1.12  1.01to 1.25 1.20 1.12to01.29 1.07 0.96to 1.19 1.12 1.04to01.21
130to <150 1.27 1.13to 1.44 1.29 1.20to01.39 0.98 0.87t01.10 1.20 1.11to 1.30
150to <170 1.47 1.26t01.70 1.36  1.26to 1.47 1.17 1.02to 1.34 1.24  1.15to01.35
170 to <190 1.30 1.08to 1.56 1.43  1.32t01.56 1.25  1.06to 1.47 1.26  1.16to 1.37
190 to <210 1.41 1.16 to 1.71 1.45 1.33t01.58 1.50 1.25t01.80 1.24  1.14to 1.36
>210 1.86 1.65to02.11 1.60 1.49to01.73 1.36 1.21to01.53 1.45 1.34t01.56

(I = confidenceinterval.

@ Models included serum alkaline phosphatase, entry calendar quarter, age, sex, race or ethnicity, diabetes, congestive heart
failure, atherosclerotic heart disease, peripheral vascular disease, other cardiac disease, active tobacco use, dialysis vintage,
primaryinsurance, marital status, body massindex, serum albumin, ferritin, totaliron binding capacity, bicarbonate, creatinine,
white blood cell count, lymphocyte percentage, normalized protein catabolic rate, calcium, phosphorus, hemoglobin, weekly
dose of erythropoiesis-stimulating agent, and serum aspartate aminotransferase.
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Figure 7 — Comparison of the association between (A) baseline and (B) time-averaged serum parathyroid hormone concentrations
in 99 323 hemodialysis (HD) patients and 9244 peritoneal dialysis (PD) patients (reference group: PD patients with parathyroid
hormone 200 to <300 pg/mL). Unadjusted modelsincluded the exposure ofinterest and entry calendar quarter. Case-mix adjusted
models included unadjusted model covariates, plus age, sex, race or ethnicity, diabetes, congestive heart failure, atherosclerotic
heart disease, peripheralvascular disease, other cardiac disease, active tobacco use, dialysis vintage, primaryinsurance, marital
status, body mass index, and ferritin. Fully-adjusted models included case-mix model covariates, plus serum albumin, totaliron
binding capacity, bicarbonate, creatinine, white blood cell count, lymphocyte percentage, normalized protein catabolic rate,
calcium, phosphorus, hemoglobin, and weekly dose of erythropoiesis-stimulating agents.

the results. Second, because of data limitations, we did growth factor 23) that might be associated with ALP and

not account for medications (vitamin D, calcimimetics) PTH, and we cannot exclude the possibility of residual
or biochemical markers (25-hydroxyvitamin D, fibroblast confounding on that basis (56). Third, we did not account
745
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for changes in dialysis modality over time (thatis, transi-
tion from PD to HD), which mightalso have contributed to
residual confounding. Fourth, excluded patients differed
from those who were included, which may have biased
the results. Lastly, as with all observational studies, our
findings do not prove that the associations of ALP and
PTH with mortality are causal.

CONCLUSIONS

Our findings suggest that elevated ALP and both
high and low PTH are associated with increased mortal-
ity in PD patients. Given the biologic plausibility of an
ALP-cardiovascular disease link, the consistency of epi-
demiologicdata across heterogeneous populations, ease
of availability, and ability to lower ALP with medications,
ALP might be a promising tool for CKD-MBD management
in PD patients. Further studies are now needed to confirm
our findings, elucidate underlying mechanisms, and
determine if correction of ALP and PTH to target ranges
improves outcome in PD patients.
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