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Alkaline phosphatase (Alk-Phos) is a powerful predictor of death in patients with end-stage kidney disease (ESKD) and oxidative
stress is a strong inducer of Alk-Phos in various tissues. We tested the hypothesis that oxidative stress, as estimated by a robust
marker of systemic oxidative stress like 𝛾-Glutamyl-Transpeptidase (GGT) levels, may interact with Alk-Phos in the high risk of
death in a cohort of 993 ESKD patients maintained on chronic dialysis. In fully adjusted analyses the HR for mortality associated
with Alk-Phos (50 IU/L increase) was progressively higher across GGT quintiles, being minimal in patients in the first quintile
(HR: 0.89, 95% CI: 0.77–1.03) and highest in the GGT fifth quintile (HR: 1.13, 95% CI: 1.03–1.2) (𝑃 for the effect modification =
0.02).These findings were fully confirmed in sensitivity analyses excluding patients with preexisting liver disease, excessive alcohol
intake, or altered liver disease biomarkers. GGT amplifies the risk of death associated with high Alk-Phos levels in ESKD patients.
This observation is compatible with the hypothesis that oxidative stress is a strong modifier of the adverse biological effects of high
Alk-Phos in this population.

1. Introduction

Tissue nonspecific alkaline phosphatase (Alk-Phos) is an
enzyme highly represented in the bone and in the liver
and the measurement of the activity of this enzyme is a
time-honored biomarker applied for the diagnosis and the
clinical monitoring of bone and liver diseases [1]. Alk-Phos
catalyzes the hydrolysis of pyrophosphate, the main calcifi-
cation inhibitor, and seminal studies in patients with end-
stage kidney disease (ESKD) documented that circulating
Alk-Phos activity is robustly related to the risk of death
[2–4]. In ESKD patients Alk-Phos mainly reflects increased
bone turnover [1], triggered and maintained by secondary
hyperparathyroidism and modulated by several other factors

among which oxidative stress [5] plays a relevant role.
Oxidative stress is notoriously pervasive in ESKD patients
[6, 7]. Among biomarkers of oxidative stress, 𝛾-Glutamyl-
Transpeptidase (GGT) is now regarded as one of the most
robust indicators of whole body oxidative stress [8, 9]. High
levels of GGT predict mortality in ESKD patients [10, 11]
and in the general population [12] being associated with
a high risk for coronary heart disease [12, 13] and heart
failure [14]. Of note, oxidative stress is a powerful inducer
of Alk-Phos in vascular and bone cells [15] and is key to
vascular calcification [16]. Even though the predictive power
ofAlk-Phos for adverse clinical outcomes has been previously
confirmed in ESKD [17–23], the possible interaction between
Alk-Phos and biomarkers of oxidative stress like GGT has
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Table 1: Main demographic, somatometric and clinical characteristics in the whole study population and in patients as divided according to
alkaline phosphatase quartiles.

Whole group
(𝑛 = 993)

Alk-Phos <median
value (𝑛 = 497)

Alk-Phos >median
value (𝑛 = 496)

𝑃 for linear
trend

Age (years) 65 ± 14 65 ± 14 65 ± 13 0.93
BMI (kg/m2) 25 ± 5 25 ± 5 25 ± 5 0.74
Male sex 𝑛. (%) 624 (63) 343 (69) 281 (57) <0.001
Current smokers 𝑛. (%) 149 (15) 78 (16) 71 (14) 0.54
Past smokers 𝑛. (%) 370 (37) 202 (41) 168 (34) 0.03
Diabetics 𝑛. (%) 272 (28) 127 (26) 145 (30) 0.14
On antihypertensive treatment 𝑛. (%) 634 (64) 320 (64) 314 (63) 0.72
Dialysis vintage (months) 45 (21–85) 38 (19–76) 52 (26–96) <0.001
With cardiovascular comorbidities∗ 𝑛. (%) 533 (54) 257 (52) 276 (56) 0.21
Systolic blood pressure (mmHg) 135 ± 22 135 ± 22 135 ± 23 0.99
Diastolic blood pressure (mmHg) 74 ± 12 74 ± 12 73 ± 11 0.09
Pulse pressure (mmHg) 74 ± 11 73 ± 10 74 ± 11 0.13
Cholesterol (mg/dL) 156 ± 40 155 ± 39 156 ± 41 0.61
Haemoglobin (g/dL) 11.3 ± 1.5 11.3 ± 1.4 11.3 ± 1.5 0.96
Albumin (g/dL) 3.9 ± 0.5 3.9 ± 0.5 3.9 ± 0.5 0.87
CRP (mg/L) 5.0 (3.0–13.0) 4.1 (2.9–12.0) 5.7 (3.0–14.0) 0.02
Calcium (mg/dL) 9.1 ± 0.9 9.2 ± 0.9 9.0 ± 0.9 0.001
Phosphate (mg/dL) 5.0 ± 1.6 5.2 ± 1.6 4.9 ± 1.6 0.001
∗Cardiovascular comorbidities: the presence, at baseline, of at least one of these comorbidities: angina, arrhythmia, myocardial infarction, coronary surgery,
angioplasty, other heart surgeries, claudicatio intermittens, amputations, peripheral surgery, stroke, TIA, and preexisting chronic heart failure.
Data are expressed as mean ± SD or median and interquartile range or as percent frequency, as appropriate.

not been investigated so far. As oxidative stress and mineral
metabolism are intimately related phenomena in ESKD [5],
we investigated if GGTmodifies the association betweenAlk-
Phos and all-cause and cardiac mortality in a sizable cohort
of patients with ESKD maintained on chronic dialysis.

2. Methods

The study protocol was approved by the ethical committee of
our institution. All participants gave their informed consent
before enrolment.

2.1. Study Population. The study population is part of a
cohort of 1189 dialysis patients enrolled in the PROGREDIRE
(Prospective Registry of The Working Group of Epidemiol-
ogy of Dialysis Region Calabria), a cohort study involving
35 dialysis units in two regions in Southern Italy (Calabria
and Sicily). We included in this analysis 993 patients in
which bothAlk-Phos andGGTmeasurementswere available.
Patients where Alk-Phos and GGT were not available (𝑛 =
196, 16%) did not differ from those included in the study
for any of the main demographic, clinical, and biochemical
characteristics listed in Table 1.

Patients had been on regular dialysis [haemodialysis
(HD) or peritoneal dialysis (PD)] for a median time of
3.0 years (interquartile range: 1.8–4.4 years). HD patients
(𝑛 = 932) were being treated with standard bicarbonate
dialysis with noncellulosic membrane filters of various types.

PD patients (𝑛 = 61) were either on 4 standard exchanges per
day or on continuous cycling peritoneal dialysis. Six hundred
and thirty-four patients were treated with various antihy-
pertensive drugs (271 on monotherapy with ACE inhibitors,
calcium channel blockers, 𝛼- and 𝛽-blockers, vasodilators,
diuretics, or other drugs, 194 on double therapy, 92 on
triple therapy, and 77 patients on quadruple or quintuple
therapy with various combinations of these drugs). The
main demographic, somatometric, clinical, and biochemical
characteristics of the study population are detailed in Table 1.

2.2. Laboratory Measurements. Blood sampling was per-
formed at baseline after an overnight fast. For HD patients,
blood was always drawn during a mid-week day (brief
dialysis interval). Alk-Phos, GGT, cholesterol, albumin, cal-
cium, phosphate, C-Reactive Protein (CRP), haemoglobin,
Glutamic-Oxaloacetic Transaminase (GOT), and Glutamic-
Pyruvic Transaminase (GPT) measurements were made
using standard methods in the routine clinical laboratory.
In our laboratory, the normal range of Alk-Phos was 30 to
120UI/L and that of GGT was 0–45UI/L.

2.3. Study End Points. Mortality and fatal and nonfatal
cardiac events were themain study end points. Cardiac events
were classified as follows: myocardial infarction confirmed
by serial changes of ECG and cardiac biomarkers; ECG-
documented angina episodes; ECG-documented arrhythmia;
unexpected, sudden death highly suspected as of cardiac



Oxidative Medicine and Cellular Longevity 3

origin. De novo chronic heart failure (CHF) was defined as
CHF in a patient without CHF at baseline. To be classified
as having CHF patients had to show mild or more severe
dyspnoea during ordinary activities (NYHA class II or
higher) plus evidence of anatomical/functional LV disease
on echocardiography. Each cause of death was assessed
by 3 independent physicians. In doubtful cases, diagnosis
was attributed by consensus. During the review process,
involved physician used all available medical information,
including hospitalization forms and medical records. In
case of death occurring at home, family members and/or
general practitioners were interviewed to better understand
the circumstances which led to death.

2.4. Statistical Analysis. Data were expressed as mean ±
standard deviation (normally distributed data) or median
and interquartile range (nonnormally distributed data) or as
percent frequency (categorical data). Comparisons among
groups were made by one-way ANOVA, Kruskal-Wallis, or
Chi Square test, as appropriate. Regression analysis was
performed to investigate the relationship between Alk-Phos,
GGT, and markers of liver function and bone mineral
metabolism. Due to the nonnormal distribution of both
Alk-Phos and GGT both variables were log-transformed
before analysis. Survival analyses were performed by using
both univariate and multivariate Cox regression analyses,
including Alk-Phos, GGT, and their interaction term as well
as traditional [age, gender, current smoking, diabetes, choles-
terol, arterial pressure and antihypertensive treatment, and
cardiovascular comorbidities], inflammation and nutritional
status [CRP, BMI, and albumin], and ESKD-related risk
factors [dialysis vintage, haemoglobin]. ALT, AST, HbsAg,
HCV, alcohol consumption, and preexisting liver disease
were always included in the multivariate models. The hazard
ratios of alkaline phosphatase across GGT categories were
calculated by the standard linear combination method. The
best functional form of GGT (i.e., quintiles) was chosen
by analysing the Martingale residuals in Cox’s regression
analysis [24]. Multivariate models were built as previously
described. Statistical analysis was performed by using stan-
dard statistical packages (SPSS for Windows, Version 20,
Chicago, Illinois, USA; STATA for Windows, Version 13,
College Station, Texas, USA).

3. Results

The main baseline characteristics of the study population
are reported in Table 1. Both Alk-Phos and GGT distribu-
tions were right-skewed and the median value of the two
biomarkers was 89UI/L and 20UI/L, respectively (Figure 1).
Two hundred and seventy-one patients (27%) had Alk-
Phos exceeding the upper limit of the normal range of this
biomarker (120UI/L) and 83 (17%) had GGT greater than
45UI/L (the upper limit of the normal range). Sixty-three
percent of patients were males and mean age was 65 years.
Diabetics were 28%. Alk-Phos levels were higher in female
patients (median 97UI/L, IQR: 74–140UI/L) than in male
patients (median 85UI/L, IQR: 64–116UI/L). Patients with

higher levels of Alk-Phos had been on dialysis for longer
time and had higher CRP levels. Conversely, calcium and
phosphate levels showed an opposite trend (Table 1).

3.1. Correlates of Alkaline Phosphatase and 𝛾-Glutamyl-
Transpeptidase. Alk-Phos showed a direct, highly significant
association with GGT (𝑟 = 0.26, 𝑃 < 0.001) (Figure 1).
Furthermore, Alk-Phos was directly associated with GOT
(𝑟 = 0.13, 𝑃 < 0.001), GPT (𝑟 = 0.14, 𝑃 < 0.001), and
Parathyroid Hormone (PTH) (𝑟 = 0.38, 𝑃 < 0.001) and
correlated inversely with calcium (𝑟 = −0.13, 𝑃 < 0.001) and
phosphate (𝑟 = −0.16, 𝑃 < 0.001). The same variables, except
PTH, were associatedwithGGT [GGT versus GOT (𝑟 = 0.40,
𝑃 < 0.001); GGT versus GPT (𝑟 = 0.41, 𝑃 < 0.001); GGT
versus calcium (𝑟 = −0.08, 𝑃 = 0.01); GGT versus phosphate
(𝑟 = −0.14, 𝑃 < 0.001)].

3.2. Survival Analysis: All-Cause Death. During a median
follow-up of 3.0 years (interquartile range: 1.8–4.4 years), 405
patients died. In a basic model including Alk-Phos, GGT, and
their interaction term, GGT significantly amplified the risk
of death across progressively increasing Alk-Phos levels (𝑃
for the effect modification = 0.004) (Table 2, crude analysis).
These results were confirmed in fully adjusted analyses, where
the risk associated with 50UI/L increase of in Alk-Phos for
all-cause mortality was progressively higher from the first to
the fifth quintile (1st quintile: HR: 0.89, 95% CI: 0.77–1.03;
2nd quintile: HR: 0.95, 95% CI: 0.85–1.05; 3rd quintile: HR:
1.01, 95% CI: 0.94–1.08; 4th quintile HR: 1.07, 95% CI: 1.01–
1.14, 5th quintile HR: 1.13, 95% CI: 1.03–1.2) (𝑃 for the effect
modification = 0.02). (Table 2; Figure 2). Exclusion of heavy
drinkers (𝑛 = 23) and of patients affected by chronic liver
diseases (𝑛 = 68) only modestly reduced the HR of the Alk-
Phos-GGT interaction (HR: 1.06, 95% CI: 1.01–1.12).

4. Discussion

In this study, GGT, a systemic marker of oxidative stress,
emerged as a coherent amplifier of the death risk portended
by high Alk-Phos in ESKD patients on dialysis. This inter-
action was largely independent of liver disease and alcohol
intake and was confirmed in sensitivity analyses excluding
patients with preexisting liver disease or self-reported high
alcohol intake. Overall, these findings suggest that systemic
oxidative stress, as estimated by GGT, plays a relevant role in
predicting the risk for major clinical outcomes portended by
increased alkaline phosphatase.

Alk-Phos is an established predictor of death in ESKD
patients on haemodialysis. Several studies reported a linear
association between Alk-Phos levels and mortality in ESKD
[2–4, 17–23]. Additional studies focusing on predialysis CKD
patients showed that such a link is not peculiar to the end-
stage phase of CKD [25–27]. Furthermore, observational
studies in various communities documented that Alk-Phos is
a quite strong risk factor for death and cardiovascular events
in the general population [28].This enzyme is ubiquitous and
located at cell surface and it is directly involved in glutathione
catabolism, the main antioxidant system in humans [29, 30].



4 Oxidative Medicine and Cellular Longevity

400

350

300

250

200

150

100

50

0
0 100 200 300 400 500 600 0 50 100 150 200 250 300 350

500

450

400

350

300

250

150

100

50

0

7.0

6.0

5.0

4.0

3.0

2.0

7.0 8.06.05.04.03.02.0
1.0

Fr
eq

ue
nc

y 
(%

)

Fr
eq

ue
nc

y 
(%

)

Alk-Phos (UI/L) GGT (UI/L)

ln
 G

G
T

ln Alk-Phos

r = 0.26, P < 0.001

Figure 1: Distribution of Alk-Phos and GGT and their correlation in the study population.
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Figure 2: Effect modification by 𝛾-Glutamyl-Transpeptidase on the relationship between alkaline phosphatase and all-cause mortality. The
HR in this graph represents the risk for all-cause death due to alkaline phosphatase across 𝛾-Glutamyl-Transpeptidase levels.
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Table 2: Crude and adjusted Cox regression analyses showing the effect modification of 𝛾-Glutamyl-Transpeptidase on alkaline phosphatase
for all-cause mortality. The criteria for building these models are detailed in the methods.

Variables (units of increase) Crude analysis Fully adjusted analysis
Alk-Phos (50UI/L) 0.80 (0.67–0.96), 𝑃 = 0.02 0.84 (0.69–1.02), 𝑃 = 0.08
GGT (quintiles) 0.96 (0.84–1.09), 𝑃 = 0.52 0.97 (0.85–1.12), 𝑃 = 0.72
Alk-Phos∗GGT (50UI/L∗quintiles) 1.08 (1.02–1.13), 𝑃 = 0.004 1.06 (1.01–1.12), 𝑃 = 0.02
Age (1 year) 1.05 (1.04–1.06), 𝑃 < 0.001
Gender (0 = female; 1 = male) 0.97 (0.77–1.21), 𝑃 = 0.77
Current smoking (0 = no; 1 = yes) 0.93 (0.67–1.29), 𝑃 = 0.66
Diabetes (0 = no; 1 = yes) 1.29 (1.03–1.62), 𝑃 = 0.03
Systolic blood pressure (1mmHg) 1.00 (0.99–1.00), 𝑃 = 0.67
CV comorbiditiesa (0 = no; 1 = yes) 1.55 (1.24–1.94), 𝑃 < 0.001
Antihypertensive treatment (0 = no; 1 = yes) 1.12 (0.90–1.39), 𝑃 = 0.98
Dialysis vintage (1 month) 1.00 (1.00-1.00), 𝑃 < 0.001
Cholesterol (1mg/dL) 1.00 (1.00-1.00), 𝑃 = 0.002
Hb (1 g/dL) 0.93 (0.86–0.99), 𝑃 = 0.04
Phosphate (1mg/dL) 1.01 (0.94–1.08), 𝑃 = 0.80
Albumin (1 g/dL) 0.70 (0.55–0.88), 𝑃 = 0.002
CRP (1mg/L) 1.00 (1.00-1.00), 𝑃 = 0.56
Body Mass Index (BMI) (1 kg/m2) 0.99 (0.97–1.02), 𝑃 = 0.46
GOT (1UI/L) 1.01 (0.99–1.03), 𝑃 = 0.45
GPT (1UI/L) 1.00 (0.99–1.01), 𝑃 = 0.98
Bilirubin (1mg/dL) 0.91 (0.54–1.51), 𝑃 = 0.70
HbsAg (0 = no; 1 = yes) 0.73 (0.37–1.44), 𝑃 = 0.37
HCV (0 = no; 1 = yes) 0.81 (0.56–1.16), 𝑃 = 0.25
Cirrhosis/hepatitis (0 = no; 1 = yes) 1.26 (0.71–2.24), 𝑃 = 0.44
Current alcohol consumption (0 = no; 1 = yes) 1.12 (0.88–1.42), 𝑃 = 0.34
Data are expressed as hazard ratio, 95% confidence interval (CI), and 𝑃 values.
aCV comorbidities were defined as in Table 1.

Circulating levels of Alk-Phos in ESKD in patients without
obvious liver diseasemainly reflect bone turnover [31]. In this
regard, it is worth mentioning that, in in vitro experiments in
vascular and bone cells, oxidative stress is a strong inducer
of alkaline phosphatase and a key event promoting the
transition of the vascular cells phenotype into calcifying
cells [15]. Alk-Phos is seen as a host defence molecule that
is part of the innate immune response to bacterial agents.
Indeed this enzyme is potently induced by IL-6, TNF-𝛼, and
bacterial lipopolysaccharide, all factors typically associated
with inflammation and high oxidative stress [32]. Thus the
hypothesis that oxidative stress may interact with Alk-Phos
in organ damage and ultimately in major clinical outcomes
is biologically well founded. However, in no study was such
an interaction formally investigated.The issue is of particular
relevance in ESKD because high levels of oxidative stress
are a hallmark in these patients [6, 7]. Various biomarkers
of oxidative stress are currently applied in clinical research
[33–36] and among these GGT is seen as the one that better
captures whole body oxidative stress [8]. Of note, in previous
studies in ESKD, GGT exhibited a much stronger link with
mortality [10] than other oxidative stress biomarkers tested
in the same population. With this background in mind we
set out to make a detailed analysis of the interaction between
GGT and alkaline phosphatase for risk of death, the most

solid outcome measure in clinical studies. Along with the
working hypothesis we found that GGT is a relevant modifier
of the risk of Alk-Phos for mortality. Indeed in a crude
analysis the interaction term indicated that a fixed increase
in Alk-Phos levels (50UI/L) produced a stepwise increase in
the risk of death across GGT quintile (HR = 1.08 per GGT
quintile). Importantly, this interaction was unmodified by
adjustment for a comprehensive series of risk factors formor-
tality, including CV comorbidities, clinical risk factors, BMI,
risk factors peculiar to ESKD like haemoglobin, C-reactive
protein, serum albumin and phosphate, and biomarkers of
liver disease and alcohol intake. The fact that the interaction
was independent of concomitant liver disease indicates that
the effect of modification of GGT on the Alk-Phos death
relationship does not represent a mere effect of liver damage
but a more general phenomenon, more likely oxidative stress
[8].

Our study has limitations. First, our observations are
limited to a single ESKD cohort of Caucasian patients.
Therefore, confirmation in a second ESKD cohort and in
studies in other ethnicities is still needed for establishing the
external generalizability of our findings. Second, even though
we did a comprehensive adjustment for a long list of potential
confounders, confounding for unmeasured and/or unknown
risk factors remains possible, an issue that can be solved only
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by a clinical trial. In this regard, it is worth mentioning that
drugs that reduce serumAlk-Phos are being investigated and
that one of these drugs has produced a significant reduction
in vascular calcification and bone loss in ESKD patients [37].
Our findings suggest that the protective effect of this drug
may be attenuated in patients with high GGT, hypothesis
which may be formally tested in secondary analyses of the
same trial.
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Francesco D’Agostino, Emanuela D’Anello, Maria De Gaudio,
Aldo Foscaldi, Cesare Fornaciari, Corrado Franco, Alfredo
Gaglioti, Domenico Galati, Francesco Grandinetti, Maurizio
Gullo, Maria Rosa La Gamba, Domenico Logozzo, Iginia
Maimone, Maria Letizia Mannino, Elena Mazzuca, Agazio
Mellace, Giuseppe Natale, Vincenzo Panuccio, Domenico
Plutino, Antonio Pugliese, Anna Reina, Rita Roberti, Maria-
grazia Santangelo, Arcangelo Sellaro, Rosalba Scicchitano,
Carmela Vardè, and Francesco Zingone.

References

[1] P. Ureña and M.-C. De Vernejoul, “Circulating biochemical
markers of bone remodeling in uremic patients,” Kidney Inter-
national, vol. 55, no. 6, pp. 2141–2156, 1999.

[2] D. L. Regidor, C. P. Kovesdy, R. Mehrotra et al., “Serum alkaline
phosphatase predicts mortality among maintenance hemodial-
ysis patients,” Journal of the American Society of Nephrology, vol.
19, no. 11, pp. 2193–2203, 2008.

[3] S. Beddhu, B. Baird, X. Ma, A. K. Cheung, and T. Greene,
“Serum alkaline phosphatase and mortality in hemodialysis
patients,” Clinical Nephrology, vol. 74, no. 2, pp. 91–96, 2010.

[4] C. Drechsler, M. Verduijn, S. Pilz et al., “Bone alkaline phos-
phatase and mortality in dialysis patients,” Clinical Journal of
the American Society of Nephrology, vol. 6, no. 7, pp. 1752–1759,
2011.

[5] H. Tanaka, H. Komaba, M. Koizumi, T. Kakuta, and M.
Fukagawa, “Role of uremic toxins and oxidative stress in
the development of chronic kidney disease-mineral and bone
disorder,” Journal of Renal Nutrition, vol. 22, no. 1, pp. 98–101,
2012.

[6] J. Himmelfarb, P. Stenvinkel, T. A. Ikizler, and R. M. Hakim,
“Perspectives in renalmedicine: the elephant in uremia: oxidant
stress as a unifying concept of cardiovascular disease in uremia,”
Kidney International, vol. 62, no. 5, pp. 1524–1538, 2002.

[7] F. Locatelli, B. Canaud, K.-U. Eckardt, P. Stenvinkel, C. Wanner,
and C. Zoccali, “Oxidative stress in end-stage renal disease:

an emerging threat to patient outcome,” Nephrology Dialysis
Transplantation, vol. 18, no. 7, pp. 1272–1280, 2003.

[8] D.-H. Lee, R. Blomhoff, and D. R. Jacobs Jr., “Is serum gamma
glutamyltransferase a marker of oxidative stress?” Free Radical
Research, vol. 38, no. 6, pp. 535–539, 2004.

[9] G. Koenig and S. Seneff, “Gamma-glutamyltransferase: a pre-
dictive biomarker of cellular antioxidant inadequacy and dis-
ease risk,”DiseaseMarkers, vol. 2015, Article ID 818570, 18 pages,
2015.

[10] M. Postorino, C. Marino, G. Tripepi, and C. Zoccali, “Gam-
maglutamyltransferase in ESRD as a predictor of all-cause
and cardiovascular mortality: another facet of oxidative stress
burden,” Kidney International, vol. 74, no. 111, pp. S64–S66,
2008.

[11] W.-Y. Park, S.-H. Kim, Y. O. Kim et al., “Serum gamma-
glutamyltransferase levels predict mortality in patients with
peritoneal dialysis,” Medicine, vol. 94, no. 31, Article ID e1249,
2015.

[12] G. Wannamethee, S. Ebrahim, and A. G. Shaper, “Gamma-
glutamyltransferase: determinants and association with mor-
tality from ischemic heart disease and all causes,” American
Journal of Epidemiology, vol. 142, no. 7, pp. 699–708, 1995.

[13] D.-H. Lee, K. Silventoinen, G. Hu et al., “Serum gamma-
glutamyltransferase predicts non-fatal myocardial infarction
and fatal coronary heart disease among 28,838 middle-aged
men and women,” European Heart Journal, vol. 27, no. 18, pp.
2170–2176, 2006.

[14] Y. Wang, J. Tuomilehto, P. Jousilahti et al., “Serum 𝛾-glutamyl-
transferase and the risk of heart failure in men and women in
Finland,” Heart, vol. 99, no. 3, pp. 163–167, 2013.

[15] N.Mody, F. Parhami, T. A. Sarafian, and L. L. Demer, “Oxidative
stress modulates osteoblastic differentiation of vascular and
bone cells,” Free Radical Biology and Medicine, vol. 31, no. 4, pp.
509–519, 2001.

[16] H. B. Chang, A. Javed, Q. Dai et al., “Oxidative stress induces
vascular calcification through modulation of the osteogenic
transcription factor Runx2 by AKT signaling,” Journal of Bio-
logical Chemistry, vol. 283, no. 22, pp. 15319–15327, 2008.

[17] T. F. Griffith, B. S. Y. Chua, A. S. Allen, P. S. Klassen, D.
N. Reddan, and L. A. Szczech, “Characteristics of treated
hypertension in incident hemodialysis and peritoneal dialysis
patients,” American Journal of Kidney Diseases, vol. 42, no. 6,
pp. 1260–1269, 2003.

[18] H.-R. Chua, T. Lau, N. Luo et al., “Predicting first-yearmortality
in incident dialysis patients with end-stage renal disease-The
UREA5 study,” Blood Purification, vol. 37, no. 2, pp. 85–92, 2014.

[19] C. M. Rhee, M. Z. Moinar, W. L. Lau et al., “Compara-
tive mortality-predictability using alkaline phosphatase and
parathyroid hormone in patients on peritoneal dialysis and
hemodialysis,” Peritoneal Dialysis International, vol. 34, no. 7,
pp. 732–748, 2014.

[20] P. A. Fein, S. Asadi, P. Singh et al., “Relationship between alka-
line phosphatase and all-cause mortality in peritoneal dialysis
patients,”Advances in PeritonealDialysis, vol. 29, pp. 61–63, 2013.

[21] M. Z. Molnar, C. P. Kovesdy, I. Mucsi, I. B. Salusky, and K.
Kalantar-Zadeh, “Association of pre-kidney transplant markers
of mineral and bone disorder with post-transplant outcomes,”
Clinical Journal of the American Society of Nephrology, vol. 7, no.
11, pp. 1859–1871, 2012.

[22] I. Kobayashi, K. Shidara, S. Okuno et al., “Higher serum bone
alkaline phosphatase as a predictor of mortality in male



Oxidative Medicine and Cellular Longevity 7

hemodialysis patients,” Life Sciences, vol. 90, no. 5-6, pp. 212–
218, 2012.

[23] M. Abramowitz, P. Muntner, M. Coco et al., “Serum alkaline
phosphatase and phosphate and risk of mortality and hospital-
ization,” Clinical Journal of the American Society of Nephrology,
vol. 5, no. 6, pp. 1064–1071, 2010.

[24] T. M. Therneau, P. M. Grambsch, and T. R. Fleming,
“Martingale-based residuals for survival models,” Biometrika,
vol. 77, no. 1, pp. 147–160, 1990.

[25] J. J. Taliercio, J. D. Schold, J. F. Simon et al., “Prognostic impor-
tance of serum alkaline phosphatase in CKD stages 3-4 in a
clinical population,” American Journal of Kidney Diseases, vol.
62, no. 4, pp. 703–710, 2013.

[26] C. P. Kovesdy, V. Ureche, J. L. Lu, and K. Kalantar-Zadeh,
“Outcome predictability of serum alkaline phosphatase in men
with pre-dialysis CKD,” Nephrology Dialysis Transplantation,
vol. 25, no. 9, pp. 3003–3011, 2010.

[27] S. Beddhu, X. Ma, B. Baird, A. K. Cheung, and T. Greene,
“Serum alkaline phosphatase and mortality in African Amer-
icans with chronic kidney disease,” Clinical Journal of the
American Society of Nephrology, vol. 4, no. 11, pp. 1805–1810,
2009.

[28] S. K. Kunutsor, T. A. Apekey, D. Seddoh, and J. Walley, “Liver
enzymes and risk of all-cause mortality in general populations:
a systematic review and meta-analysis,” International Journal of
Epidemiology, vol. 43, no. 1, Article ID dyt192, pp. 187–201, 2014.

[29] R. W. Scholz, K. S. Graham, E. Gumpricht, and C. C. Reddy,
“Mechanism of interaction of vitamin E and glutathione in the
protection against membrane lipid peroxidation,” Annals of the
New York Academy of Sciences, vol. 570, no. 1, pp. 514–517, 1989.

[30] J. B. Whitfield, “Gamma glutamyl transferase,” Critical Reviews
in Clinical Laboratory Sciences, vol. 38, no. 4, pp. 263–355, 2001.

[31] J. P. van Straalen, E. Sanders, M. F. Prummel, and G. T. B.
Sanders, “Bone-alkaline phosphatase as indicator of bone for-
mation,” Clinica Chimica Acta, vol. 201, no. 1-2, pp. 27–33, 1991.

[32] J. J. Kapojos, K. Poelstra, T. Borghuis et al., “Induction of glome-
rular alkaline phosphatase after challenge with lipopolysaccha-
ride,” International Journal of Experimental Pathology, vol. 84,
no. 3, pp. 135–144, 2003.

[33] Y. Yoshida, “Introduction to serial reviews: oxidative stress
biomarker and its application to health maintenance,” Journal
of Clinical Biochemistry and Nutrition, vol. 54, no. 3, p. 137, 2014.

[34] C.-Y. Ock, E.-H. Kim, D. J. Choi, H. J. Lee, K.-B. Hahm, and
M. H. Chung, “8-hydroxydeoxyguanosine: not mere biomarker
for oxidative stress, but remedy for oxidative stress-implicated
gastrointestinal diseases,” World Journal of Gastroenterology,
vol. 18, no. 4, pp. 302–308, 2012.

[35] A. Valavanidis, K. Fiotakis, and T. Vlachogianni, “Airborne
particulate matter and human health: toxicological assess-
ment and importance of size and composition of particles
for oxidative damage and carcinogenic mechanisms,” Journal
of Environmental Science and Health, Part C: Environmental
Carcinogenesis and Ecotoxicology Reviews, vol. 26, no. 4, pp.
339–362, 2008.

[36] R. van den Berg, G. R. M. M. Haenen, H. van den Berg, and A.
Bast, “Transcription factor NF-𝜅B as a potential biomarker for
oxidative stress,”British Journal ofNutrition, vol. 86, supplement
1, pp. S121–S127, 2001.

[37] J. Havill, N. Kopyt, D. Coyne, M. Weiswasser, and W. T. Smith,
“Sotatercept improves anemia, vascular calcification, and bone
loss in patients with end-stage kidney disease on hemodialysis,”

in Proceedings of the American Society of Nephrology Congress,
abstract TH-PO938, 2015.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


