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Value of Alkaline Phosphatase in Predicting the
Extent and Severity of Coronary Artery Disease in
Acute Myocardial Infarction

Celal Kilit
Dumlupinar University Faculty of Medicine, Department of Cardiology, Kiitahya, Turkey

ABSTRACT

Introduction: The serum alkaline phosphatase (ALP) level has been shown to be a prognostic factor in stable
coronary artery disease (CAD) and acute myocardial infarction (AMI) by its promoting effect on vascular
calcification. The objectives of this study were to investigate serum ALP levels and to determine their value in
predicting the extent and severity of CAD in patients with AMI.

Patients and Methods: A total of 200 patients with AMI were included in this study. Patients with serum
ALP levels higher than 120 mg/dL were classified as elevated ALP group. The extent and severity of CAD
was assessed using Gensini score and number of vessel disease. Patients with a Gensini score greater than 40
were included in advanced CAD group.

Results: There was no relationship between the ALP level and the Gensini score in study population. Patients
were grouped according to the Gensini score (Gensini scores < 40 and > 40). There was no difference between
the groups in terms of ALP levels. However, ALP levels were significantly higher in diabetic patients and
in patients with non—ST-segment elevation myocardial infarction (NSTEMI). Parathormone levels and
neutrophil counts were significantly higher in the advanced CAD group.

Conclusion: ALP levels do not indicate the extent and severity of CAD in patients with AMI. However, these
levels are higher in diabetic patients and in patients with NSTEMI than in patients with ST-segment elevation
myocardial infarction. Higher parathormone levels and neutrophil counts are related to the extent and severity
of CAD in patients with AMI.

Key Words: Alkaline phosphatase; coronary angiography; myocardial infarction; coronary artery disease;
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Akut Miyokart Infarktiisiinde Koroner Arter Hastaligimn Yaygmhgm ve
Ciddiyetini Tahmin Etmede Alkalen Fosfatazin Degeri

OZET

Giris: Serum alkalen fosfataz (ALP) seviyesi, vaskiiler kalsifikasyon tizerine olan tetikleyici etkisinden dolay1
akut miyokart infarktiisii (AMI)’nde ve stabil koroner arter hastaligi (KAH)’nda prognostik bir faktor olarak
gosterilmigtir. Caligmanin amaci, AMI hastalarida serum ALP seviyelerini aragtirmak ve KAH’m yayginhig1

ve ciddiyetini tahmin etmedeki degerini saptamaktir.

Hastalar ve Yontem: Bu calismaya AMI gegiren toplam 200 hasta dahil edildi. Serum ALP diizeyleri 120
mg/dL’den yiiksek olanlar, yiikselmis ALP grubu olarak tanimlandi. KAH’1n yaygimlig: ve ciddiyeti, Gensini
skoru ve hasta damar sayist ile degerlendirildi. Gensini skoru 40°1n iizerinde olan hastalar, ilerlemis KAH
grubuna dahil edildi.

Bulgular: Calisma popiilasyonunda ALP diizeyi ve Gensini skoru arasinda iliski yoktu. Hastalar Gensini
skorlarina gore gruplandirildi (Gensini skoru < 40 ve Gensini skoru > 40). Gruplar arasinda ALP diizeyi ac1-
sidan fark yoktu. Bununla birlikte, ALP diizeyleri diyabetik hastalarda ve ST elevasyonsuz miyokart infark-
tiisti (NSTEMI) olan hastalarda anlamli derecede daha yiiksekti. Parathormon diizeyleri ve nétrofil sayilari,
ilerlemis KAH grubunda anlamli olarak yiiksek bulundu.

Sonu¢: ALP diizeyi, AMI’li hastalarda KAH yaygmligi ve ciddiyetini gostermemektedir. Bununla birlikte
ALP diizeyleri, diyabetik hastalarda ve ST elevasyonlu miyokart infarktiisii (STEMI) hastalariyla kiyaslan-
diginda NSTEMI hastalarinda daha yiiksektir. Yiiksek parathormon diizeyi ve nétrofil sayisi, AMI’de KAH Celal Kilit
yaygimlhig ve ciddiyeti ile iligkilidir.
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INTRODUCTION

Acute myocardial infarction (AMI) indicates a serious
clinical manifestation of coronary artery disease (CAD) and
is the major cause of morbidity and mortality worldwide(".
The severity of CAD is associated with cardiovascular
prognosis in patients with AMI®. Prediction and diagnosis of
the extent of coronary lesion in AMI are important for clinical
management of this disease.

Atherosclerosis is by far the most frequent underlying
cause of CAD. Vascular calcification constitutes a basic
pathway in the progression of atherosclerosis, and it
contributes to cardiovascular risk in various population
subgroups™®. Vascular calcification has been recognized both
in early and late stages of atherosclerosis. Serum alkaline
phosphatase (ALP) is a membrane-bound metalloenzyme that
liberates inorganic phosphate by catalyzing the hydrolysis
of organic pyrophosphate, which is an inhibitor of vascular
calcification®. Pyrophosphate was shown to be a protective
factor for vascular integrity, and an elevated ALP level
may promote vascular calcification via the pyrophosphate
pathway®. Circulating ALP and phosphate concentrations
often increase in the end-stage renal disease. Several clinical
and epidemiological studies have linked higher serum ALP
and phosphate levels to increased coronary calcification,
increased risk of cardiovascular disease events, and total
mortality in patients with chronic kidney disease®”. Also,
higher serum phosphate levels are associated with adverse
outcomes among people with a normal kidney function®.
High ALP levels are associated with adverse outcomes among
survivors of AMI and stroke; this has been partially explained
by the association of high ALP levels with established risk
factors and inflammation®. High serum ALP levels are an
independent predictor of mortality, AMI, and stent thrombosis
in CAD patients after percutaneous coronary intervention
(PCI) with drug-eluting stents'”. Elevated ALP levels were
associated with more advanced forms of CAD in patients with
stable angina pectoris'". To the best of our knowledge, the
relationship between ALP and extent and severity of CAD
in patients with AMI has not been evaluated previously. The
objectives of this study were to investigate serum ALP levels
and to determine their relation with the extent and severity of
CAD in patients with AMI who underwent primary PCI.

PATIENTS and METHODS

Study Design and Patient Population

This was a prospective, single-center study conducted
on 200 patients (140 males and 60 females; age range 33-
91 years) with AMI. All patients underwent emergency
angiography immediately after admission. Exclusion criteria
included patients with history of cardiovascular events,
chronic renal failure, malabsorption syndrome, liver and
biliary system diseases, active infection, cancer, chronic

inflammatory diseases involving the skeletal system, and
heart failure and those with history of intake of calcium and/or
vitamin D supplements at any time. Our study complies with
the World Health Organization Declaration of Helsinki and
the World Psychiatric Association, Good Clinical Practices,
and Good Laboratory Practice rules. Dumlupinar University
ethical committee approved the study protocol.

Angiographic Data

All coronary angiograms were recorded using Siemens
Artis Zee (Siemens AG, Munich, Germany) and Shimadzu
(Shimadzu Corporation, Kyoto, Japan) devices. Angiographic
data were evaluated by two experienced interventional
cardiologists who were blinded to the clinical history and
laboratory test results of the patients. All obstructive lesions
were visualized in two orthogonal views, and a lesion with a
visual diameter stenosis of 50% was considered significant.
The severity of CAD was calculated for each patient using
the Gensini score system and number of vessel disease(12).
Gensini score grades the narrowing of the lumen of the
coronary arteries as 1 for 1%-25% narrowing, 2 for 26%-
50% narrowing, 4 for 51%-75% narrowing, 8 for 76%-90%
narrowing, 16 for 91%-99% narrowing, and 32 for total
occlusion. The stenosis score was multiplied by a factor
taking into account the position of the coronary lesions: 5 for
the left main coronary artery, 2.5 for the proximal left anterior
descending coronary artery (LAD) or the proximal left
circumflex artery (LCX), 1.5 for the mid-region of LAD, 1
for the distal region of LAD and the mid-distal region of LCX
or right coronary artery (RCA), and 0.5 for other segments.
The Gensini score was expressed as the sum of the scores for
all coronary arteries, and a score greater than 40 was defined
as advanced CAD.

The number of vessel disease score ranges from one-
to three-vessel disease(13). The criterion for one-, two-, or
three-vessel disease is a 50% or more reduction in the internal
diameter of LAD, LCX, or RCA.

Laboratory Measurements

Venous blood samples were obtained at admission before
emergency coronary angiography was performed. Complete
blood cell counts were analyzed from the whole-blood
samples using a Beckman Coulter LH 780 Gen-S automated
hematology instrument (Beckman Coulter, Miami, FL, USA)
with original reagents. Serum biochemical parameters were
measured using a Beckman Coulter AU680 instrument
(Beckman Coulter, Miami, FL, USA) with original reagents.
Serum hormone levels were measured on Beckman Coulter
UniCelDxI 800 immunoassay analyzer (Beckman Coulter,
Miami, FL, USA) with chemiluminescence immunoassay
using original assay reagents (Beckman Coulter, Miami, FL,
USA). The normal range of measured ALP levels was 30-120
U/L. Patients with serum ALP levels higher than 120 U/L
were classified as elevated ALP group.
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Statistical Analysis

The normal distributions of continuous variables were
evaluated using Shapiro-Wilk test. The results with normal
distribution were expressed as mean * standard deviation,
while non-normal distribution data were expressed as median
with interquartile range (25™-75™ percentiles) for continuous
variables. Categorical variables were expressed as percentages.
Statistical analyses were performed using SPSS for Windows
version 16.0 (SPSS, Chicago, IL, USA). For continuous
variables, the differences between two groups were compared
using Student’s t-test for normally distributed data and Mann-
Whitney U-test for non-parametric data. Categorical parameters
were analyzed using %2 test. Correlation was assessed using
Pearson’s correlation coefficient. p< 0.05 was considered as
statistically significant for all tests.

RESULTS

Table 1 shows the demographic characteristics, clinical
features, and laboratory findings of the study population. A total
of 200 patients with a mean age of 63.8 + 12.2 years (ranging
from 33 to 91 years) were enrolled in the study. The infarct-
related artery was LAD in 42% of patients and RCA and LCX
in 33% and 25% of patients, respectively. Primary PCI was
performed in 84.5% of patients (n= 169), and 13% of patients
(n= 26) underwent coronary artery bypass grafting; 2.5% of
patients (n=5) were treated without reperfusion therapy. Nearly
half of the patients (57%, n= 114) had ST-segment elevation
myocardial infarction (STEMI). The median Gensini score
was 52, and 71% (n= 142) of the patients were found to have
advanced CAD (Gensini score > 40). The median ALP level
was 80 IU/L in the study population (ranging from 3 to 349
U/L). ALP levels outside the normal range (< 30 or > 120 IU/L)
were observed in 26 (13%) patients including 3 (1.5%) having
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Figure 1. Correlation between alkaline phosphatase levels and Gensini
scores of the study population.

Table 1. Demographic characteristics, clinical features, and

laboratory results of the study population

Parameters n= 200
Age (years) 63.8+122
Gender, male, n (%) 140 (70%)
Hypertension, n (%) 91 (46%)
Diabetes mellitus, n (%) 85 (43%)
Smoking, n (%) 73 (37%)
STEMI, n (%) 114 (57%)
Glucose, mg/dL 141 (110-200)
Hemoglobin Alc, % 6.1 (5.6-7.9)
Creatinine, mg/dL 0.94 (0.81-1.08)
Uric acid, mg/dL 53(4.5-6.2)
Calcium, mg/dL 9.2(8.9-9.6)
Phosphate, mg/dL 3.1+0.7

Total cholesterol, mg/dL
Triglyceride, mg/dL

192 (166-229)
144 (94-212)

HDL-C (mg/dL) 40 (32-48)
LDL-C, mg/dL 124 + 38
CRP, mg/L 2.8 (0.8-6.5)
Hemoglobin, g/dL 14.0+1.7
Hematocrit, % 422 +4.7

Platelet, x1000/puL

Neutrophil, x1000/puL
Lymphocyte, x1000/pL
Neutrophil-to-Lymphocyte ratio

244 (198-296)
7.0 (5.1-9.2)
2.0 (1.4-2.7)

3.55 (1.92-5.82)

Alkaline phosphatase, U/L 80 (67-102)
Elevated alkaline phosphatase, n (%) 23 (12%)
Parathormone, pg/mL 53 (37-78)

25(OH)D, ng/mL
Gensini score

Gensini score > 40, n (%)

10.0 (6.0-15.8)
52 (38-76)
142 (71%)

1-vessel disease, n (%) 75 (38%)
2-vessel disease, n (%) 73 (36%)
3-vessel disease, n (%) 52 (26%)

Values are presented as mean + standard deviation or median with interquartile
range. STEMI: ST-segment elevation myocardial infarction, HDL-C: High-
density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, CRP:

C-reactive protein, 25(OH)D: 25-hydroxyvitamin D.

ALP < 30 IU/L and 23 (11.5%) having ALP > 120 IU/L. There
was no relationship between the ALP level and the Gensini score
in the study population (r= —0.063, p= 0.38) (Figure 1). The
demographic and clinical characteristics of groups in terms of
the Gensini score (< 40 and > 40) are shown in Table 2. Patients
with advanced CAD (Gensini score > 40) were more elderly than
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Figure 2. Alkaline phosphatase levels and standard error for number of
vessel disease.

those without advanced CAD (Gensini score < 40) (p= 0.040).
There was no difference between the groups in terms of ALP
levels (p= 0.906). In patients with advanced CAD, STEMI was
more common and neutrophil count and parathormone (PTH)
levels were significantly higher than those in patients without
advanced CAD. When patients were grouped according to
the number of vessel disease, still no difference was found in
terms of ALP levels between one-, two-, three-vessel groups
(Figure 2). Patients with non—-ST-segment elevation myocardial
infarction (NSTEMI) had significantly higher ALP levels than
those with STEMI [8 (71-110) IU/L vs. 77 (64-97) IU/L; p=
0.015)]. There were 85 patients (42.5%) with diabetes mellitus
in the study population. The median Gensini scores and the
proportions of patients with advanced CAD were similar in the
diabetic and nondiabetic patient groups. In the diabetic group,
the frequency of hypertension was higher and number of males
and smokers were lower (Table 3). Serum glucose, hemoglobin
Alc, triglyceride, and ALP levels were significantly higher and
vitamin D levels were significantly lower in the diabetic group
than in the non-diabetic group.

DISCUSSION

The present study aimed to evaluate the association between
ALP levels and the severity and extent of atherosclerotic lesions
of coronary arteries in patients with AMI. The main finding of
our study is that ALP levels were not associated with the extent
and severity of CAD assessed using Gensini scores in patients
with AML.

Early risk stratification in patients with AMI is essential
to identify those at the highest risk for further cardiac events
who may benefit from a more aggressive therapeutic approach.
Analyses from several large clinical trials and registries have

established numerous clinical predictors of adverse outcomes
among patients with AMI. ALP is a relatively new risk marker
predicting adverse outcomes among survivors of AMI®.
It is also an independent predictor of mortality, myocardial
infarction, and stent thrombosis in CAD patients who undergo
PCI with drug-eluting stents'”). These results have led to a
focus on ALP in patients with CAD. Sahin et al. showed that
elevated ALP levels are associated with high Gensini scores
and a more severe form of CAD!"". However, whether ALP is
associated with the extent and severity of CAD in AMI patients
was unknown. Our study is the first to demonstrate the absence
of such a relationship using Gensini scores and number of
vessel disease.

Abnormalities in bone mineral metabolism parameters
such as plasma phosphate, PTH, and 25-hydroxyvitamin
D [25(0OH)D] are associated with cardiovascular outcomes
not only in patients with end-stage renal disease but also in
subjects with CAD!*!5. Previous studies showed that the
association between ALP and mortality was independent of
PTH or vitamin D status”'®. In our study, we determined PTH
and vitamin D status of patients, which have been suggested
to affect ALP levels. Unlike ALP and 25(OH)D levels, PTH
levels were significantly higher in the advanced CAD group.
PTH can stimulate insulin resistance, inflammation, and renin—
angiotensin aldosterone system. These metabolic changes
upregulate the process of atherosclerosis, leading to CAD®.
Therefore, high PTH levels may be a predictor of the extent and
severity of CAD in AMI.

Inflammation plays an important role in the evolution
of atherosclerosis, and white blood cell count is a proven
biomarker of inflammation. Neutrophils are associated with
increased blood viscosity and hypercoagulability, and increased
neutrophil count was shown to be related to the presence
and severity of coronary atherosclerosis!”'®. Increase in
neutrophil count in patients with STEMI is associated with a
short-term prognosis and infarct size, and neutrophils mediate
the inflammatory response resulting from acute myocardial
damage. In our study, neutrophil count was higher in the
advanced CAD group. Therefore, neutrophil count seems to be
related to the severity of CAD in AMI.

Chen at al. found that compared with the nondiabetic
controls, serum ALP levels were increased in patients with
type 2 diabetes mellitus'®. This was also observed in diabetic
animal models, and it was suggested that in the diabetic rat
intestine, ALP levels may increase, while ALP degradation
may decrease®”. In our study, we found that serum ALP levels
were significantly higher in diabetic patients than in non-
diabetic patients. Additionally, serum 25(OH)D levels were
significantly lower in the diabetic group. In the National Health
and Nutrition Examination Study, the prevalence of CAD
(angina, myocardial infarction) was more common in adults
with low vitamin D levels®". Low vitamin D concentrations
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Table 2. Distribution of the clinical and demographic characteristics of patients according to the severity of coronary artery disease

Gensini < 40 Gensini > 40

Parameters (n= 58) (n=142) p
Age, years 609 +13.1 650+ 11.7 0.040
Gender, male, n (%) 44 (76%) 96 (68%) 0.248
Hypertension, n (%) 28 (48%) 63 (44%) 0.705
Diabetes mellitus, n (%) 25 (43%) 60 (42%) 0.949
Smoking, n (%) 20 (34%) 54 (38%) 0.392
STEMI, n (%) 25 (43%) 89 (63%) 0.024
Glucose, mg/dL 129 (102-199) 143 (114-210) 0.105
Hemoglobin Alc, % 6.0 (5.5-8.3) 6.1(5.7-7.7) 0.762
Creatinine, mg/dL 0.92 (0.77-1.10) 0.95 (0.40-1.07) 0.265
Uric acid, mg/dL 544459 53(4.7-64) 0.439
Calcium, mg/dL 94 (8.9-9.6) 9.2 (8.9-9.5) 0.546
Phosphate, mg/dL 3.1+£0.7 31+0.7 0.749
Total cholesterol, mg/dL 194 (165-218) 191 (166-236) 0.734
Triglyceride, mg/dL 171 (100-248) 152 (93-194) 0422
HDL-C, mg/dL 36 (30-44) 38 (33-51) 0.716
LDL-C, mg/dL 120 £ 36 125+£38 0.389
CRP, mg/L 2.9(0.4-6.6) 2.8 (1.0-6.1) 0.795
Hemoglobin, g/dL 142+1.6 140+1.7 0.286
Hematocrit, % 429+44 419+49 0.153
Platelet, x1000/uL 253 (196-290) 241 (199-300) 0.956
Neutrophil, x1000/uL 6.0 (4.7-8.3) 7.3(5.3-9.7) 0.034
Lymphocyte, x1000/uL 1.9(1.4-2.8) 20(14-2.7) 0.573
Neutrophil-to-Lymphocyte ratio 331 (1.74-5.11) 3.6 (2.0-64) 0.373
Alkaline phosphatase, U/L 80 (63-102) 81 (69-100) 0.906
Parathormone, pg/mL 48 (33-63) 54 (39-80) 0.030
25(OH)D, ng/mL 9.0 (64-14.0) 10.0 (6.0-17.0) 0.551
Gensini score 32 (25-37) 65 (51-86) <0.001
1-vessel disease, n (%) 41 (71%) 34 (24%) <0.001
2-vessel disease, n (%) 15 (26%) 58 (41%) 0.046
3-vessel disease, n (%) 2 (3%) 50 (35%) <0.001

Values are presented as mean + standard deviation or median with interquartile range. STEMI: ST-segment elevation myocardial infarction, HDL-C: High-density lipoprotein
cholesterol, LDL-C: Low-density lipoprotein cholesterol, CRP: C-reactive protein; 25(OH)D: 25-hydroxyvitamin D.

are associated with an increased risk of macrovascular and
microvascular disease events in patients with type 2 diabetes®? .
Vitamin D levels are lower in individuals with type 2 diabetes,
but the causality of this relationship is unknown. Low vitamin D
levels are proposed to be associated with insulin resistance and
insulin secretion derangements, resulting in the development of
diabetes mellitus®. The relationship between high ALP levels
and low 25(OH) D levels in type 2 diabetes mellitus and the

clinical significance of this association in AMI patients should be
investigated in future studies.

It is known that short-term mortality is lower in patients with
NSTEMI (2%-4%) than in those with STEMI (3%-8%). In
contrast to the short-term outcomes, long-term outcomes have
been similar or worse with NSTEMI compared with that with
STEMI®*??), High ALP levels are known to be associated with
adverse outcomes among survivors of AMI®. But in our study,
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Table 3. Distribution of the clinical and demographic characteristics of patients according to the presence of diabetes mellitus

DM group Non-DM group

Parameters (n= 85) (n=115) P
Age, years 652+112 629 +129 0.183
Gender, male, n (%) 51 (60%) 89 (77%) 0.008
Hypertension, n (%) 56 (66%) 35 (30%) <0.001
Smoking, n (%) 26 (31%) 45 (39%) 0.048
STEMI, n (%) 42 (49%) 67 (58%) 0214
Glucose, mg/dL 213 (153-273) 117 (102-140) <0.001
Hemoglobin Alc, % 8.4(6.9-9.7) 5.7(54-6.0) <0.001
Creatinine, mg/dL 0.93 (0.79-1.17) 0.94 (0.85-1.05) 0.950
Uric acid, mg/dL 52(43-6.2) 54(4.7-62) 0.330
Calcium, mg/dL 9.2 (8.9-9.6) 9.3(8.9-95) 0.490
Phosphate, mg/dL 32+08 3.1+0.7 0.106
Total cholesterol, mg/dL 195 =51 199 +43 0.512
Triglyceride, mg/dL 167 (103-221) 133 (90-182) 0.020
HDL-C, mg/dL 38 (30-47) 41 (35-49) 0.085
LDL-C, mg/dL 119 +43 128 +33 0.103
CRP, mg/L 2.8(1.0-7.3) 2.8(0.8-5.7) 0.507
Hemoglobin, g/dL 14.0 (12.9-15.2) 14.3 (12.8-15.3) 0.349
Hematocrit, % 418+438 425+47 0.333
Platelet, x1000/uL 260 (196-302) 232 (199-291) 0.190
Neutrophil, x1000/uL 74(55-95) 6.4(4.8-9.2) 0.184
Lymphocyte, x1000/uL 2.1(1.5-2.8) 1.9 (1.3-2.6) 0.339
Neutrophil-to-Lymphocyte ratio 3.6 (1.9-6.0) 35(2.1-5.6) 0.865
Alkaline phosphatase, U/L 86 (71-110) 78 (65-96) 0.022
Parathormone, pg/mL 53 (35-80) 53(39-73) 0.777
25(OH)D, ng/mL 7.8 (5.0-11.8) 11.0 (7.3-18.5) <0.001
Gensini score 52 (38-76) 53 (39-80) 0.964
Gensini score > 40, n (%) 60 (71%) 82 (71%) 0912
1-vessel disease, n (%) 26 (31%) 49 (43%) 0.083
2-vessel disease, n (%) 31 (36%) 42 (36%) 0.994
3-vessel disease, n (%) 28 (33%) 24 (21%) 0.054

Values are presented as mean + standard deviation or median with interquartile range. STEMI: ST-segment elevation myocardial infarction, HDL-C: High-density lipoprotein
cholesterol, LDL-C: Low-density lipoprotein cholesterol, CRP: C-reactive protein, 25(OH)D: 25-hydroxyvitamin D.

patients with NSTEMI had higher ALP levels than those with CONFLICT of INTEREST
STEMI. This conflicting result may indicate that ALP levels alone
are not sufficient in determining the mortality risk after AMI.
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counts are related to the extent and severity of CAD in AMI. Final Approval: CK



Kilit C.

REFERENCES

1.

Tavazzi L. Clinical epidemiology of acute myocardial infarction. Am Heart
J1999;138:548-54.

Huang G, Zhao JL, Du H, Lan XB, Yin YH. Coronary score adds
prognostic information for patients with acute coronary syndrome. Circ J
2010;74:490-5.

Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR, et al.
Coronary calcium as a predictor of coronary events in four racial or ethnic
groups. N Engl J Med 2008;358:1336-45.

Schoppet M, Shanahan CM. Role for alkaline phosphatase as an inducer of
vascular calcification in renal failure? Kidney Int 2008;73:989 -91.

Johnson RC,Leopold JA,Loscalzo J. Vascular calcification: pathobiological
mechanisms and clinical implications. Circ Res 2006;99:1044-59.

Palmer SC, Hayen A, Macaskill P, Pellegrini F, Craig JC, Elder GJ, et al.
Serum levels of phosphorus, parathyroid hormone, and calcium and risks
of death and cardiovascular disease in individuals with chronic kidney
disease: a systematic review and meta-analysis. JAMA 2011;305:1119-27.

Regidor DL, Kovesdy CP, Mehrotra R, Rambod M, Jing J, McAllister CJ,
et al. Serum alkaline phosphatase predicts mortality among maintenance
hemodialysis patients. ] Am SocNephrol 2008;19:2193-203.

Dhingra R, Sullivan LM, Fox CS, Wang TJ, D’Agostino RB Sr, Gaziano
JM, et al. Relations of serum phosphorus and calcium levels to the
incidence of cardiovascular disease in the community. Arch Intern Med
2007;167:879-85.

Tonelli M, Curhan G, Pfeffer M, Sacks F, Thadhani R, Melamed ML, et al.
Relation between alkaline phosphatase, serum phosphate and all-cause or
cardiovascular mortality. Circulation 2009;120:1784-92.

. Park JB, Kang DY, Yang HM, Cho HJ, Park KW, Lee HY, et al. Serum

alkaline phosphatase is a predictor of mortality, myocardial infarction, or
stent thrombosis after implantation of coronary drug-eluting stent. Eur
Heart J 2013;34:920-31.

. Sahin I, Karabulut A, Gungor B, Avci II, Okuyan E, Kizkapan F, et al.

Correlation between the serum alkaline phosphatase level and the severity
of coronary artery disease. Coron Artery Dis 2014;25:349-52.

. Gensini GG. A more meaningful scoring system for determining the

severity of coronary heart disease. Am J Cardiol 1983;51:606.

. Ringqvist I, Fisher LD, Mock M, Davis KB, Wedel H, Chaitman BR, et al.

Prognostic value of angiographic indices of coronary artery disease from the
Coronary Artery Surgery Study (CASS). J Clin Invest 1983;71:1854-66.

. Scialla JJ, Wolf M. Roles of phosphate and fibroblast growth factor 23 in

cardiovascular disease. Nat Rev Nephrol 2014;10:268-78.

. Gonzalez-Parra E, Rojas-Rivera J, Tunén J, Praga M, Ortiz A, Egido J.

Vitamin D receptor activation and cardiovascular disease. Nephrol Dial
Transplant 2012;(27 Suppl 4):iv17-21.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

O’Neill WC. Pyrophosphate, and vascular

calcification. Circ Res 2006;99:¢2.

alkaline phosphatase,

. Kawaguchi H, Mori T, Kawano T, Kono S, Sasaki J, Arakawa K. Band

neutrophil count and the presence and severity of coronary atherosclerosis.
Am Heart J 1996;132:9-12.

Gibson PH, Cuthbertson BH, Croal BL, Rae D, El-Shafei H, Gibson G,
et al. Usefulness of neutrophil/lymphocyte ratio as predictor of new-
onset atrial fibrillation after coronary artery bypass grafting. Am J Cardiol
2010;105:186-91.

Chen H, Li X, Yue R, Ren X, Zhang X, Ni A. The effects of diabetes
mellitus and diabetic nephropathy on bone and mineral metabolism in
T2DM patients. Diabetes Res Clin Pract 2013;100:272-6.

Suzuki K, Ishida H, Takeshita N, Taguchi Y, Sugimoto C, Nosaka K, et
al. Circulating levels of tartrate-resistant acid phosphatase in rat models
of non-insulin-dependent diabetes mellitus. J Diabetes Complications
1998;12:176-80.

Kendrick J, Targher G, Smits G, Chonchol M. 25-Hydroxyvitamin D
deficiency is independently associated with cardiovascular disease in the
Third National Health and Nutrition Examination Survey. Atherosclerosis
2009;205:255-60.

Herrmann M, Sullivan DR, Veillard AS, McCorquodale T, Straub IR,
Scott R, et al.; FIELD Study Investigators. Serum 25-hydroxyvitamin D:
a predictor of macrovascular and microvascular complications in patients
with type 2 diabetes. Diabetes Care 2015;38:521-8.

Forouhi NG, Ye Z, Rickard AP. Circulating 25-hydroxyvitamin D
concentration and the risk of type 2 diabetes in individuals with prediabetes
but not with normal glucose tolerance. Diabetologia 2012;55:2173-82.

Roe MT, Messenger JC, Weintraub WS, Cannon CP, Fonarow GC, Dai D,
et al. Treatments, trends, and outcomes of acute myocardial infarction and
percutaneous coronary intervention. J Am Coll Cardiol 2010;56:254-63.

Armstrong PW, Fu Y, Chang WC, Topol EJ, Granger CB, Betriu A, et al.
Acute coronary syndromes in the GUSTO-IIb trial: prognostic insights and
impact of recurrent ischemia. The GUSTO-IIb Investigators. Circulation
1998:98:1860-8.

Behar S, Haim M, Hod H, Kornowski R, Reicher-Reiss H, Zion M, et al.
Long-term prognosis of patients after a Q wave compared with a non-Q
wave first acute myocardial infarction. Data from the SPRINT Registry.
Eur Heart J 1996;17:1532-27.

Yan AT, Tan M, Fitchett D, Chow CM, Fowlis RA, McAvinue TG, et al;
Canadian Acute Coronary Syndromes Registry Investigators. One-year
outcome of patients after acute coronary syndromes (from the Canadian
Acute Coronary Syndromes Registry). Am J Cardiol 2004;94:25-9.

@® Kosuyolu Heart J 2017;20(2):91-97 97



