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Abstract

Background. Serum alkaline phosphatase (ALP) in-
creases in patients with chronic kidney disease (CKD)
and high-turnover bone disease. ALP may represent an
adjunct marker of high bone turnover devoid of draw-
backs of serum parathyroid hormone (PTH), and it may
also be associated with cardiovascular calcification in
CKD. Higher ALP has been recently associated with in-
creased mortality and coronary calcification in dialysis
patients. In pre-dialysis CKD patients, this association
is not clear.

Methods. We examined the association of baseline,
time-varying and time-averaged ALP with all-cause mor-
tality and the composite of pre-dialysis mortality or end-
stage renal disease in a historical prospective cohort of

1158 male veterans with pre-dialysis CKD from a single
institution by using multivariable-adjusted Cox models.
Results. Higher ALP was associated with increased
mortality irrespective of the statistical model. Time-
averaged ALP displayed a consistent linear association
with mortality: a 50-U/L higher serum ALP was associ-
ated with a multivariable-adjusted death hazard ratio
(95% confidence interval) of 1.17 (1.08-1.28), P <
0.001. Baseline and time-varying ALP showed non-line-
ar associations with mortality, with serum levels above
70 U/L in all models and with lower levels in time-vary-
ing models. Associations between ALP levels and the
composite outcomes were similar. However, compared
to serum PTH, mortality predictability of ALP appeared
more incremental.
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Conclusions. Elevated ALP is associated with increased
mortality in patients with pre-dialysis CKD. Low ALP
appears to be associated with short-term mortality.

Keywords: alkaline phosphatase; chronic kidney disease; mortality

Introduction

In patients with chronic kidney disease (CKD), including
those undergoing maintenance hemodialysis (CKD 5D)
therapy and those with pre-dialysis CKD stages (CKD
1-5), various abnormalities related to mineral and bone
disorders (MBD) have been implicated as novel risk fac-
tors of mortality [1-6]. Many of the abnormalities that
characterize CKD-MBD such as hyperphosphataemia, ab-
normal serum calcium and parathyroid hormone (PTH)
represent clinical treatment targets, hence epidemiologic
studies examining outcomes associated with these vari-
ables may be confounded by the use of medical interven-
tions. Confounding by medical indication may distort the
natural association between a certain risk factor and vari-
ous outcomes.

Alkaline phosphatase (ALP) is an enzyme measurable
in most body fluids and usually originates from the liver
or bone. In CKD patients without liver disease, ALP can
be elevated in high-turnover bone disease [7-9]. However,
measuring this readily available and inexpensive biomark-
er has not been singled out as an individual therapeutic
target of CKD-MBD [10]. Since moderately high or low
ALP does not usually trigger a change in routine CKD pa-
tient care, ALP likely represents a less biassed tool to as-
sess the risk(s) imparted by CKD-MBD in epidemiologic
studies. Furthermore, elevated ALP may be causally in-
volved in the cardiovascular calcification of CKD [11-
14], making it a potentially important independent risk
factor. Higher ALP has been shown to be associated with
mortality and coronary artery calcification in CKD 5D [9]
and in patients without CKD [15]. Similar findings were
reported for bone-specific ALP in a small study of patients
with CKD 1-5 [16] and, more recently, baseline ALP was
associated with mortality in the African-American Study
of Kidney Disease (AASK) [17]. It is unclear if similar
associations exist in CKD 1-5 populations of mixed racial
composition, and it is also unknown if the associations be-
tween ALP and mortality are different when accounting
for temporal changes in ALP. We examined the association
of baseline, time-varying and time-averaged ALP with all-
cause mortality and the composite of pre-dialysis mortality
or end-stage renal disease (ESRD) in a large number of
males with CKD 1-5 at a single institution.

Materials and methods

Study population and data collection

We studied all 1259 patients evaluated for CKD 1-5 at Salem Veterans
Affairs Medical Center (VAMC) between 1 January 1990 and 30 June
2007 and followed them up until 1 April 2009. Seventy-two patients with
no ALP measurement, 10 female patients, 6 patients whose race was other
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than white or black and 13 patients whose ALP was first measured after
starting dialysis were excluded. The final cohort consisted of 1158 male
patients.

Baseline characteristics recorded at the time of the initial evaluation in
the nephrology clinic were extracted retrospectively, including demo-
graphic and anthropometric characteristics, comorbidities and laboratory
results, as detailed elsewhere [18,19]. Follow-up clinical and laboratory
data recorded during follow-up in relation to outpatient visits was also
extracted and utilized in time-varying analyses. Medication use including
that of angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers (ACEI/ARB), statins, phosphate binders and calcitriol was also
assessed over the entire follow-up. Glomerular filtration rate (GFR) was
estimated using the abbreviated equation developed for the Modification
of Diet in Renal Disease Study [20] and categorized according to the stag-
ing system introduced by the Kidney/Dialysis Outcome Quality Initiative
Clinical Practice Guidelines for CKD [21]. All the biochemical measure-
ments were performed in a single laboratory at the Salem VAMC.

Statistical analyses

Missing data points for comorbidity index (1% missing), body mass in-
dex (BMI; 15%), serum aspartate transaminase (AST; 1%), alanine trans-
aminase (ALT; 13%), albumin (1%), phosphorus (2%), blood cholesterol
(2%), haemoglobin (1%), white blood cell count (WBC; 1%), percent
lymphocytes in WBC (1%) and 24-h urine protein (3%) were imputed
using multiple imputations. Sixty-five percent of patients had a PTH
measurement performed; only unimputed PTH was used in multivariable
models that were restricted to this subgroup. Smoking (5% missing) was
analysed as a categorical variable with the creation of a dummy category
for missing status. We used different statistical models to analyse ALP:
baseline values were assessed due to their practical relevance as prognos-
tic indicators; time-varying values were examined in order to assess out-
comes occurring after shorter exposure to abnormal ALP, reflecting
potential acute effects of such levels (especially hypophosphatasaemia
[22]); and finally, time-averaged values were assessed to alleviate poten-
tial misclassification stemming from single measurements and to assess
the impact of chronic long-term exposure to higher ALP. Multivariable
models of time-varying and time-averaged ALP were adjusted for time-
varying and time-averaged blood pressure, BMI, medication use and all
laboratory parameters.

Outcomes analysis. The starting time for survival analysis was the date of
the first encounter in the nephrology clinic. Patients were considered lost to
follow-up if no contact was documented for more than 6 months and were
censored at the date of the last documented contact. The primary outcome
measure was overall (pre-dialysis and post-dialysis) all-cause mortality (as-
certained from Virginia electronic records), and the secondary outcome
measure was the composite of pre-dialysis mortality or ESRD (defined as
initiation of maintenance dialysis therapy and ascertained from local hos-
pital records including Medicare Forms 2728).

The associations of baseline, time-varying and time-averaged ALP with
outcomes were evaluated in adjusted Cox models. Selection of variables to be
included in the multivariable models was done a priori by determining prob-
able confounders [23] based on differences in baseline characteristics be-
tween patients with different ALP levels and based on theoretical
considerations. To account for the different time periods of study enrolment,
multivariable models were also adjusted fora dummy variable corresponding
to the enrolment period (1990-95, 1996-2000 or post-2000). Models were
constructed to assess unadjusted, case mix-adjusted (age, race, comorbid-
ities, blood pressure, BMI, smoking, medication use and enrolment period)
and case mix plus biochemical characteristics-adjusted (estimated GFR, al-
bumin, bicarbonate, AST, ALT, calcium, phosphorus, blood haemoglobin,
WBC, percentage of lymphocytes and 24-h urine protein) models. Addition-
al adjustment for PTH was performed in the subgroup of 755 patients with
available PTH measurements. Nonlinearity of associations was tested by cat-
egorizing ALP into quartiles, by including polynomial terms and by using
restricted cubic splines; analyses were restricted to values above the first
and below the 99th percentiles of the predictor variable in order to increase
the stability of the spline models. The joint significance of the polynomial
terms was assessed with the Wald test.

Interactions were assessed by including interaction terms and by
performing subgroup analyses. Sensitivity analyses were performed by
performing time-varying analyses with 30- and 90-day lag periods, by us-
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Table 1. Baseline characteristics of individuals stratified by quartiles of baseline serum ALP level

Serum ALP (U/L)

<66 (N = 282) 66-82 (N = 296) 83-105 (N = 302) >105 (N = 278) P for trend
Age (years) 69.9 £9.9 69.0 + 10.6 67.1 £11.1 67.4 £ 11.6 0.001
Race (black) 60 (21) 69 (23) 76 (25) 77 (28) 0.06
DM 172 (61) 164 (55) 165 (55) 142 (51) 0.022
ASCVD 161 (57) 168 (57) 175 (58) 159 (57) 0.8
Smoking 49 (18) 67 (23) 81 (28) 85 (34) <0.001
Comorbidity index 23+1.5 24 +1.7 25+1.8 26+1.7 0.027
Calcitriol use 99 (34) 91 (31) 102 (34) 78 (28) 0.16
Calcium-containing binder use 73 (25) 98 (33) 106 (35) 95 (34) 0.029
Sevelamer HCI use 20 (8) 27 (7) 26 (9) 61 (24) <0.001
Aspirin use 169 (59) 182 (61) 196 (65) 159 (56) 0.8
ACEI/ARB use 229 (80) 229 (77) 225 (74) 197 (70) 0.004
Statin use 222 (78) 208 (70) 188 (62) 145 (51) <0.001
BMI (kg/m?) 29.9 £5.8 29.4+5.8 292 +5.9 28.4 + 6.4 0.007
SBP (mmHg) 142 + 26 149 +25 152 + 24 150 + 28 <0.001
DBP (mmHg) 70 = 14 74 £ 16 76 = 15 75+ 16 <0.001
eGFR (mL/min/1.73 m?) 38.8 £16.5 38.6 £17.5 36.7 £ 17.0 359+ 18.8 0.023
Serum albumin (g/dL) 3.6+0.5 3.7+0.5 3.6+ 04 3.5 0.6 0.005
Serum AST (U/L) 25+ 13 24 + 11 26 =18 29 + 24 0.002
Serum ALT (U/L) 23 + 15 21 £13 24 £ 19 26 £ 27 0.045
Total cholesterol (mg/dL) 184 + 57 193 + 50 194 £ 55 188 + 64 0.4
Serum calcium (mg/dL) 9.5£0.5 94 +0.5 94+0.5 9.3£0.5 <0.001
Serum phosphorus (mg/dL) 38 +0.7 38+0.8 38+0.8 4.0 +£0.8 0.019
Serum bicarbonate (mEq/L) 26.4 + 3.0 255+3.5 256+ 3.4 25.1+3.7 <0.001
Blood Hgb (g/dL) 127+ 1.9 12.8 £2.1 127 +1.8 123+ 1.8 0.02
Blood WBC (1000/mm®) 72+22 7.7 2.1 7.7 +24 7.9+£25 0.003
Blood lymphocytes (% WBC) 24.0 £ 9.0 234+ 8.6 233 +8.0 224 +8.9 0.047
Proteinuria (mg/24 h) 577 (485-687) 638 (533-764) 810 (676-971) 998 (812-1154) <0.0001

Data is presented as means = SD, number (% of total) or geometric means (95% CI). DM, diabetes mellitus; ASCVD, atherosclerotic cardiovascular
disease; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; eGFR, estimated glomerular filtration rate; AST, aspartate transaminase; ALT, alanine transaminase; Hgb, haemoglobin; WBC,
white blood cell count. Comparisons were made by chi-square test for linear trend.

ing only unimputed values of independent variables and by restricting
analyses to a more contemporary cohort of patients enrolled after 1 Janu-
ary 2001. Proportionality of non-time-varying models was tested by using
Schoenfeld residuals. P-values < 0.05 were considered significant. Statis-
tical analyses were performed using the STATA statistical software version
10 (STATA Corporation, College Station, TX). The study protocol was
approved by the Research and Development Committee at Salem VAMC.

Results

The mean (£SD) age of the cohort at baseline was 68 £ 11
years, 24% of the patients were black and the mean estimat-
ed GFR was 37 + 17 mL/min/1.73 m® Most patients had
CKD Stages 3 (55%) and 4 (31%), with few patients cate-
gorized as CKD Stages 1 (2%), 2 (8%) and 5 (4%). The
mean (+SD) baseline and time-averaged ALP were 91 +
51 and 92 + 44 U/L, respectively. Patients had a median
number of five ALP measurements performed during
follow-up (interquartile range [IQR], 2-9); the mean (95%
confidence interval [95% CI]) intra-individual change in
ALP during follow-up was an increase of 1.9 U/L/year
(0.9-2.8). Seven hundred and twelve patients (62%) were
enrolled after 1 January 2001. Six hundred and fifty-one pa-
tients died (mortality rate, 128/1000 patient-years; 95% CI,
118-138), and 742 patients reached the composite outcome
of pre-dialysis death or ESRD (172/1000 patient-years,
95% CI, 160-185) during a median follow-up of 3.5 years
(IQR, 1.3-5.5 years); the median time from the last time-

updated visit to the end of follow-up was 140 days (IQR,
37-317 days). Forty-one patients (3%) were lost to fol-
low-up and their characteristics were not significantly dif-
ferent (data not shown).

Baseline characteristics in patients divided by quartiles
of ALP are shown in Table 1. Patients with higher ALP
were younger, more likely to be black, active smokers
and to use phosphate binders, were less likely to be di-
abetic and to use ACEI/ARB or statins, had lower BMI,
estimated GFR, albumin, calcium, bicarbonate, haemo-
globin and percentage of lymphocyte in WBC and had
higher comorbidity index, blood pressure, AST, ALT,
phosphorus, WBC and 24-h proteinuria levels.

Higher ALP was associated with increased mortality
in baseline (Figure 1), time-varying (Figure 2) and
time-averaged (Figure 3) models, even after adjustments.
The association between time-averaged ALP and mortality
appeared robust and linear (Figure 3); a 50-U/L higher
time-averaged ALP was associated with a multivariable-
adjusted hazard ratio for death of 1.17 (95% CI, 1.08—
1.28, P < 0.001). A U-shaped association was however ev-
ident in the case of time-varying (Figure 2) and somewhat
for baseline ALP (Figure 1), with an inflection point at an
ALP of approximately 70 U/L. A comparison between
time-averaged ALP and PTH revealed consistently increas-
ing risks of death for higher quartiles of ALP, but a U-
shaped association for PTH (Figure 4). Adjustment for
PTH did not substantially alter the associations between
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Fig. 1. Unadjusted (A) and multivariable-adjusted (B) log hazards (solid lines) and 95% CI (dashed lines) of all-cause mortality associated with
baseline levels of serum ALP in Cox models. Multivariable models were adjusted for age, race, comorbidities, blood pressure, BMI, smoking
status, medication use, enrolment period, estimated GFR, serum albumin, bicarbonate, AST, ALT, calcium, phosphorus, blood haemoglobin, WBC,
percentage of lymphocytes in WBC and 24-h urine protein. P-values represent the joint significance of the polynomial terms for ALP by the Wald test.

ALP and mortality in any of the models: the joint signifi-
cance of the polynomial terms were P = 0.0008 in base-
line, P = 0.0009 in time-averaged and P = 0.0002 in
time-varying models after including PTH. The associa-
tions between ALP and the composite outcome were sim-
ilar to the associations with all-cause mortality (data not
shown). No significant interactions were found. Higher
ALP was associated with increased mortality in various
subgroup analyses, including patients with higher and low-
er serum PTH, AST, ALT and estimated GFR levels (Fig-
ure 5). The results did not change significantly in
sensitivity analyses using 30- or 90-day lag periods, when
adjusting for unimputed variables or when examining a

more contemporary cohort enrolled after 1 January 2001
(data not shown).

Discussion

We describe significant associations between higher total
(non-tissue-specific) ALP and increased all-cause mortal-
ity in patients with CKD 1-5. These associations were
most robust for time-averaged ALP, which may reflect
the effects of cumulative exposure to higher levels over
time, but were also present in baseline and time-varying
models for patients with ALP levels >70 U/L, most likely
because intra-individual variability of ALP over time was
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Fig. 2. Unadjusted (A) and multivariable-adjusted (B) log hazards (solid lines) and 95% CI (dashed lines) of all-cause mortality associated with time-
varying levels of serum ALP in Cox models. Multivariable models were adjusted for age, race, comorbidities, blood pressure, BMI, smoking status,
medication use, enrolment period, estimated GFR, serum albumin, bicarbonate, AST, ALT, calcium, phosphorus, blood haemoglobin, WBC, percentage
of lymphocytes in WBC and 24-h urine protein. P-values represent the joint significance of the polynomial terms for ALP by the Wald test.

modest and single baseline measurements appeared to be
representative of ALP measured subsequently. Low ALP
was also associated with mortality in time-varying mod-
els. We found that, while both ALP and PTH were inde-
pendently associated with higher mortality, the death risk
imparted by higher time-averaged ALP was linearly in-
creasing, as opposed to a U-shaped association between
time-averaged PTH and mortality.

ALP is a hydrolyze enzyme that dephosphorylates var-
ious molecules, most effectively operating in an alkaline
environment. ALP is fairly ubiquitous in the human body,
but it is especially concentrated in the bone, liver, placen-
ta, leukocytes and kidneys. Pathologic conditions most

commonly associated with elevations in ALP include dis-
eases of the bones (such as high-turnover bone disease in
CKD) and the liver. The origin of circulating ALP can be
determined by measuring tissue-specific ALP such as
bone-specific ALP. Elevations in total ALP are a known
feature of CKD-MBD [10], yet no specific therapeutic in-
terventions are used to target ALP levels, and there are cur-
rently no defined ‘desirable’ serum levels for this enzyme.
The lack of specific interventions triggered by elevations in
ALP makes it possible to assess it as a risk factor without
being confounded by therapeutic measures.

Associations similar to the ones described in our study
were reported by a small study in patients with pre-dialysis
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Fig. 3. Unadjusted (A) and multivariable-adjusted (B) log hazards (solid lines) and 95% CI (dashed lines) of all-cause mortality associated with time-
averaged levels of serum ALP in Cox models. Multivariable models were adjusted for age, race, comorbidities, blood pressure, BMI, smoking status,
medication use, enrolment period, estimated GFR, serum albumin, bicarbonate, AST, ALT, calcium, phosphorus, blood haemoglobin, WBC, percentage
of lymphocytes in WBC and 24-h urine protein. P-values represent the joint significance of the polynomial terms for ALP by the Wald test.

CKD [16] and by a post hoc analysis from the AASK study
[17]. The latter study examined baseline ALP in an African-
American cohort with relatively low mortality rates and
found a significant association between higher ALP and
all-cause mortality. PTH levels were not available in the
AASK study; thus, residual confounding from this covari-
ate was possible. To the best of our knowledge, our study is
the first to examine associations of time-varying and time-
averaged ALP with mortality in a large mixed-ethnicity
cohort and to also compare head-to-head ALP and PTH as
risk factors for mortality in CKD 1-5.

A possible explanation for the described association
between ALP and mortality is that ALP is a marker of
high-turnover bone disease and, as such, it is associated

with serum PTH, which itself has been linked to in-
creased mortality [2,6]. Lower ALP could also be indic-
ative of low-turnover bone disease and, hence, explain the
association between lower ALP and mortality in some of
our models, although the fact that such associations were
mostly seen in time-varying models indicates that the
mechanism of action may be an acute effect (vide infia)
rather than a chronic one such as vascular calcification. A
potential advantage of ALP over PTH as a diagnostic
marker of CKD-MBD is that it is devoid of some of
the sample collection and assay variability problems that
have raised significant concerns about the validity of
PTH; this has resulted in recommendations to use ALP
as an adjunct measure when evaluating CKD-MBD
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[24]. However, ALP may be more than a mere marker of
bone turnover. Higher ALP has been shown to result in
increased hydrolysis of pyrophosphate [11], which is a
potent inhibitor of vascular calcification [25,26]. The ef-
fect of ALP on pyrophosphate could be the link that ex-
plains why lower levels of the former are associated with
a linear decrease in mortality, especially since inhibitors
of ALP have been shown to lower smooth muscle calci-
fication in animal models [27]. Supporting a possible di-

I Adjusted hazard ratio (——95% Cl)

All . E—

rect role for ALP in adverse outcomes is the fact that, in
our study, ALP levels were associated with increased
mortality independent of PTH and ALP remained a pre-
dictor of mortality even in patients with low serum PTH
and was equally predictive of outcomes in white and
black patients even though these groups display signifi-
cant differences in their CKD-MBD [28]. Another plau-
sible explanation for the observed association is a link
between higher ALP and lower 25(OH) vitamin D levels
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Fig. 5. Multivariable-adjusted hazard ratios (95% CI) of all-cause mortality associated with a 50-U/L higher time-averaged serum ALP level in select
subgroups. Multivariable models were adjusted for age, race, comorbidities, blood pressure, BMI, smoking status, medication use, enrolment period,
estimated GFR, serum albumin, bicarbonate, AST, ALT, calcium, phosphorus, blood haemoglobin, WBC, percentage of lymphocytes in WBC and 24-h urine
protein.
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[29-31] which themselves were associated with mortality
in CKD 5D [32].

The association between chronic elevations in ALP and
long-term mortality is in contrast with the potential acute
effects of ALP, as indicated by the association of low
ALP with higher short-term mortality in our time-varying
models. It has been suggested that ALP has potentially
beneficial acute anti-inflammatory effects [33,34] possi-
bly through detoxification of endotoxin via dephosphory-
lation of lipopolysaccharides [35]. In a small clinical trial,
the administration of exogenous bovine ALP to patients
with sepsis-associated acute kidney injury had beneficial
effects on kidney function [22], but it remains unclear if
mortality could be affected by such a strategy. Our study
excluded ALP levels linked with acute hospitalizations
and our lag-time analyses also did not yield different re-
sults; hence, we probably did not capture such an acute
effect related to states of acute inflammation which might
have weakened associations reflecting the chronic delete-
rious effects of ALP. Nevertheless, discrepancies between
the short-term and long-term effects of ALP may explain
why the association of time-varying ALP with mortality
in our study was non-linear, with higher mortality also
seen in patients with the lowest ALP levels. Any future
study examining interventions directly targeting ALP
should consider the complex actions of this molecule
and the possible discrepancy between its long-term and
short-term effects.

Our study should be qualified for potential limitations.
Its historical and observational nature allows us to establish
associations, but not causal relationships. Our study was
limited to male patients from a single institution; hence,
our results may not apply to the larger population with
CKD. Our enrolment of patients over an extended period
of time makes it possible that secular trends in medical
practices could have affected patient outcomes. To address
this issue, we adjusted for the time of enrolment and we ex-
amined more contemporary patients separately and found
no differences in outcomes. Patients with elevated ALP
had more severe cardiovascular risk factors that could have
confounded the association between ALP and mortality; we
adjusted our models for several such confounders, but re-
sidual confounding from unmeasured variables (such as
vascular calcification, C-reactive protein or lipid levels)
could have affected our results. We did not have data on
causes of death; hence, we could not specifically test our
hypothesis that higher ALP was associated with increased
death due to higher cardiovascular mortality. We only had
data on PTH in a subgroup of patients; hence, we could
not account for the confounding effects of it in the entire
population. The results in this subgroup were, however,
not different from the ones in the overall study population
even after adjusting for PTH. We did not have bone-spe-
cific ALP available; hence, it is possible that elevated
ALP levels were markers of not only CKD-MBD, but also
liver disease. The association between ALP and mortality
persisted in spite of adjustments for levels of liver en-
zymes and was similar in subgroups of patients with high-
er and lower AST and ALT levels, indicating an effect that
was independent from hepatic pathology. Furthermore, the
putative mechanism of action whereby ALP could be in-

C.P. Kovesdy ef al.

strumental in causing vascular calcification [11,12] is the
same irrespective of the source of ALP, thus potentially
broadening the scope of our findings beyond CKD-
MBD. We examined time-updated ALP in order to capture
the effects of temporal changes on outcomes associated
with it and to attenuate potential misclassification result-
ing from single baseline measurements, but differences
from baseline models could also have been the result of
unmeasured confounders driving more frequent visits for
patients with higher numbers of ALP measurements and
thus biassing the results of our time-averaged and time-
varying models.

Higher ALP is associated with higher death risk in indivi-
duals with CKD 1-5. Low ALP is also associated with in-
creased short-term mortality. Further research is needed to
clarify the clinical significance of ALP and determine the ef-
ficacy and safety of interventions meant to manipulate its se-
rum concentration.
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