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Abstract

Background: Serum alkaline phosphatase (ALP) level has been shown to be a prognostic factor for myocardial infarction and
stroke via its promotion of vascular calcification.

Aim: To investigate for the first time the correlation between serum ALP level and coronary collateral circulation (CCC) development.

Methods: A total of 356 patients with stable angina pectoris were evaluated retrospectively. Patients were classified ac-
cording to ALP level and CCC grade. Rentrop 0-1 flow was defined as impaired CCC. Serum ALP > 129 mg/dL in men
and > 104 mg/dL in women was defined as elevated ALP. All groups were compared statistically according to clinical, labora-
tory and demographic features.

Results: Impaired CCC was observed in 53.7% of the patients. The mean ALP level was 102.8 + 57.9 mg/dL, and elevated
ALP levels were obtained in 19.4% of cases. There was a significant correlation between ALP and CCC grade, and impaired
CCC was associated with relatively higher ALP values (65.2% vs. 50.9%, p = 0.03). Multivariate regression analysis also showed
a significant correlation between elevated ALP level and impaired CCC (OR 1.85, with a 95% CI 1.056-3.264; p = 0.03).

Conclusions: Serum ALP is a widely avaliable unfavourable prognostic parameter in coronary heart disease. Elevated ALP levels
were associated with inadequate CCC, which supports the previously reported literature concerning the negative prognostic
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value of ALP levels in cardiovascular settings.
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INTRODUCTION
Coronary collateral circulation (CCC) is an adaptive response
of coronary vessels and it develops as a result of angiogenesis
and/or arteriogenesis. Prolonged myocardial ischaemia plays
a pivotal role in the development of CCC, although not all
aspects of the mechanisms underlying the development of
coronary collaterals are thoroughly understood [1-4]. The
variance between patients regarding coronary collateral de-
velopment has prompted research on the different clinical
and laboratory factors that may influence this phenomenon
[5-10]. Serum alkaline phosphatase (ALP) level has been
shown to be a prognostic factor in myocardial infarction and
stroke due to its promotion of vascular calcification [11, 12].
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A few recent studies have also shown that elevated ALP
levels were associated with mortality and an unfavourable
prognosis in coronary artery disease (CAD) [13, 14]. Herein,
we investigated the correlation between serum ALP level
and coronary collateral development for the first time. Our
hypothesis was generated on the basis of vascular calcifica-
tion, which may affect angiogenesis and the formation of
new collateral vessels.

METHODS
Patient selection
From May 2009 to December 2012, a total of 356 patients
diagnosed with stable angina pectoris with documented
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coronary stenosis > 95% in at least one major epicardial
vessel were enrolled in the study. All data was collected from
a single regional cardiovascular centre with a high patient
turnover. Patients were evaluated retrospectively, and clinical
risk factors, medical history, laboratory results, and coronary
angiography recordings were entered into a computerised
database. Exclusion criteria were: acute coronary syndromes,
chronic liver disease, active hepatitis, acute and chronic biliary
system disease, active infection, chronic inflammatory dis-
eases including skeletal system, decompensated heart failure,
chronic renal disease, and history of cancer.

Procedure and protocol

Upon admission, patients were evaluated with anamnesis and
physical examination. Standard 12-lead electrocardiogram
(ECC) and transthoracic echocardiography were performed
for all patients, then blood samples were taken for analysis. Pa-
tients with typical angina pectoris and/or patients with a posi-
tive exercise treadmill test were transferred to the catheter
laboratory and standard coronary angiography was performed
via the femoral route. The patients’ angiographic data accord-
ing to the catheter laboratory records was evaluated by three
interventional cardiologists and a CCC grade was assigned to
each patient. Serum ALP analysis was performed using the
automated enzymatic analyser Cobas Integra 400 plus (Roche
Diagnostic, Mannheim, Germany), with a normal range of
40-129 U/L for men and 35-104 U/L for women.

Definitions
Stable angina pectoris was defined as typical chest pain or angina
equivalent symptoms triggered either by exercise or stressful
conditions. A positive exercise treadmill test was defined as
typical ischaemic ECG changes upon exercise. The CCC was
defined according to the Rentrop classification [15]. Accordingly,
grade 0 was classified as no filling; grade 1 was classified as filling
of side branches via collateral channels without visualisation of
the epicardial segment; grade 2 was classified as partial filling
of the epicardial major coronary artery via collateral channels;
and grade 3 was classified as complete filling of the epicardial
major coronary artery. In patients with more than one coronary
lesion, when there was more than one CCC, the CCC with
the highest Rentrop grade was used. The patients were clas-
sified as having impaired CCC (group 1, Rentrop grades 0-1)
or adequate CCC (group 2, Rentrop grades 2-3). Multivessel
disease was defined as the presence of > 50% stenosis in two
or more major epicardial arteries. Serum ALP > 129 mg/dL in
men and > 104 mg/dL in women was defined as elevated ALP.

Statistical analysis and approval of the study
Statistical analyses were performed using SPSS 15.0 (SPSS
Inc., Chicago, IL, USA) software. The data is presented as
mean =+ standard deviation with 95% confidence intervals
(CI). The Student t-test was used for continuous variables be-
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tween groups. Categorical variables were compared using the
x? testand one-way ANOVA. Correlation between serum ALP
level and CCC was demonstrated with Pearson’s correlation
analysis and Mann-Whitney U test. In addition, univariate and
multivariate binary logistic regression analysis was performed
to detect independent factors affecting CCC grade.

Receiver-operating characteristic (ROC) curves for the pre-
diction of CCC were constructed and the area under the curves
(AUC) were calculated for ALP levels. Sensitivity and specificity
values were estimated for predictive significance of ALP levels.

All p values were two-sided in the tests and p values
less than 0.05 were considered to be statistically significant.

The study was approved by the Local Ethics Committee
of the hospital.

RESULTS

The baseline demographic and clinical characteristics of
the patients are summarised in Table 1. The mean age was
61.10 = 11.5, ranging from 31 to 87, years; 279 (78.4%)
patients were male. The majority of patients had an anamnesis
of hypertension and diabetes mellitus. Non-developed col-
lateral circulation (Rentrop 0) was found in only eight (2.2%)
patients. Female gender and presence of diabetes mellitus
were correlated with CCC grade. The mean ALP level was
102.8 + 57.9, ranging from 41 U/L to 485 U/L, with percen-
tile values of 70.0/86.0/110.0 mg/dL; elevated ALP levels
were observed in 19.4% of cases. Elevated ALP levels were
more common in women and in diabetic patients. There was
a significant correlation between ALP and CCC grade, and
patients with an impaired CCC grade had relatively higher
ALP values (65.2% vs. 50.9%; p = 0.03, Fig. 1, Table 2).
Although univariate analysis showed a significant correlation
between elevated ALP level and impaired CCC (OR 1.81,
95% Cl 1.048-3.129; p = 0.03), multivariate binary logistic
regression analysis including all demographic, clinical and
laboratory variables failed to show a significant correlation
between elevated ALP level and CCC (OR 1.30, 95% ClI
0.292-5.846; p = 0.72). However, multivariate analysis inc-
luding significant variables in univariate analysis revealed an
independent effect of ALP on impaired CCC (OR 1.85, 95% ClI
1.056-3.264; p = 0.03) (Table 3). ROC curve showed a higher
specificity and a relatively low sensitivity with the following
result: AUC = 0.53, p = 0.30, z-statistic value = 1.20 with
95% Cl 0.478-0.594. For an optimal 53 mg/dL ALP cut-off
point: sensitivity was 8% and specificity was 96%.

DISCUSSION
This clinical investigation is the first report of a correlation
between serum ALP level and CCC, a topic that, to the best
of our knowledge, has not been studied previously. We clearly
demonstrate that elevated ALP levels are associated with im-
paired CCC in patients with stable angina pectoris. We found
that as well as interfering with normal vascular function, an
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Table 1. Baseline demographic characteristics, clinical features,
laboratory results and angiographic findings of the patients

Variables (n = 356)

Age [years] 61.1 =115
Age — range [years] 31-87
Sex
Male 78.4% (279)
Female 21.6% (77)

Presence of diabetes mellitus 43.5% (155)

Presence of hypertension 69.4% (247)

LDL cholesterol [mg/dL] 124.7 + 443
Triglyceride [mg/dL] 179.4 =102.8
Creatinine [mg/dL] 1.01 = 0.37
HbA1c [%] 6.8+ 1.6
AST [U/L] 55.0 = 119.8
ALT [U/L] 34.5 + 63.8
Calcium [mg/dL] 9.27 = 0.67
Phosphate [mg/dL] 3.51 +0.84
ALP [mg/dL] 102.8 = 57.9
ALP — range [mg/dL] 41-485
Elevated ALP (> 129 in man, > 104 in women) 19.4% (69)
LVEF [%] 48.4 + 10.1

Multivessel disease 71.1% (253)

Coronary collateral circulation:

Rentrop 0O 2.2% (8)
Rentrop 1 51.4% (183)
Rentrop 2 36.8% (131)
Rentrop 3 9.6% (34)

Collateral classification:
53.7% (191)
46.3% (165)

Impaired

Adequate

LDL — low density lipoprotein; HbA1c — glycosylated haemoglobin;
ALT — alanine aminotransferase; AST — aspartate aminotransferase;
ALP — alkaline phosphatase; LVEF — left ventricular ejection fraction

elevated ALP level may also affect neo-angiogenesis and lead
to inadequate coronary collateral formation.

Serum ALP is a membrane-bound metallo enzyme that
catalyses the hydrolysis of organic pyrophosphate. Phosphate
was shown to be a protective factor for vascular integrity, and
elevated ALP levels may promote vascular calcification via the
pyrophosphate pathway [16-18]. Catalytic activity of ALP leads
to inactivation of inorganic pyrophosphate, a potent inhibi-
tor of hydroxyapatite crystal growth and potential local and
circulating inhibitor of vascular calcification. The final result is
chondrogenic conversion of vascular smooth muscle cells and
vascular mineralisation which yield endothelial dysfunction
[17]. The vasculopathic effect of ALP was initially shown in
haemodialysis patients, which encouraged further investigation
regarding cardiovascular prognosis [18]. Vascular calcification
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Figure 1. Correlation between serum alkaline phosphatase
(ALP) levels and coronary collateral circulation

is one of the major contributors to atherosclerosis, yielding
vascular hardening, ageing and eventually, significant vascular
events [19]. Up-regulation of serum ALP levels was observed in
vessels with medial calcification, which supports the mediat-
ing role of ALP [20]. After revealing the vasculopathic effect
of ALP, the authors focused on the prognostic effect of ALP in
several cardiovascular settings. An initial study by Regidor et al.
[18] reported that serum ALP level was linked to coronary
calcification in haemodialysis patients. Subsequent studies also
showed the significant impact of ALP regarding cardiovascular
mortality and all-cause mortality [11, 12]. Park et al. [13] later
showed that elevated ALP level was a poor prognostic factor
for myocardial infarction, stent thrombosis and mortality in
a large patient group. Wannamethee et al. [14] supported
this correlation and reported that ALP level predicted major
adverse cardiovascular events and overall mortality in the el-
derly. We have also demonstrated the poor prognostic effect
of elevated ALP level in patients with stable angina pectoris,
consistent with the current literature. The basic mechanism
of the unfavourable effect of ALP on CCC may be linked to
endothelial dysfunction and microvascular damage, since the
endothelium is the most important element in the process of
collateral growth. The proliferation of coronary collaterals is
dependent on physical forces that lead to the expression of
adhesion molecules by the endothelium and growth factors
secreted by active platelets and the vascular endothelium.
These in turn lead to endothelial and smooth muscle proli-
feration, resulting in the development of a collateral network
[21]. Elevated ALP levels may interfere with this process and
thus lead to impaired collateral circulation. Although our
multivariate regression analysis only included three significant
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Table 2. Distribution of clinical and demographic characteristics of the patients according to coronary collateral circulation and
serum alkaline phosphatase levels

Variables Impaired Adequate Elevated ALP Normal ALP
collaterals collaterals
Age [years] 609 =118 613 =112 0.73 62.0 =126 609 = 11.3 0.48
Sex: 0.08 0.001
Male 74.9% (143) 82.4% (136) 63.8% (44) 81.9% (235)
Female 25.1% (48) 17.6% (29) 36.2 % (25) 18.1% (52)
Presence of diabetes mellitus 49.7% (95) 36.4% (60) 0.01 34.8% (24) 45.6% (131) 0.06
Presence of hypertension 72.3% (138) 66.1% (109) 0.20 68.1% (47) 69.7% (200) 0.79
LDL cholesterol [mg/dL] 123.8 £42.6 125.8 = 46.2 0.70 132.2 £51.5 122.8 £42.0 0.13
Triglyceride [mg/dL] 180.3 = 100.9 182.8 = 105.9 0.83 172.4 £90.8 183.9 = 106.2 0.43
Creatinine [mg/dL] 1.04 +0.42 0.98 + 0.30 0.15 1.00 + 0.36 1.03 £ 0.41 0.53
HbA1c [%] 6.9+1.6 6.8+ 1.5 0.73 7.0+19 6.8 = 1.5 0.51
AST [U/L] 55.9 + 134.8 53.9 = 100.2 0.87 56.3 = 103.3 54.6 + 123.6 0.91
ALT [U/L] 358 +76.6 33.0 =450 0.67 30.7 £ 26.2 35.4 +69.9 0.58
Calcium [g/dL] 9.2+06 93 =06 0.49 93 =06 9.2+06 0.52
Phosphate [mg/dL] 34+08 3508 0.34 3407 35038 0.71
ALP [mg/dL] 108.3 = 64.8 96.4 + 48.1 0.05 1915+ 77.0 81.4 +19.8
Elevated ALP [%] 23.6% (45) 14.5% (24) 0.03
LVEF [%] 474 = 9.6 48.4 = 10.1 0.13 47.1 = 8.5 48.6 = 104 0,35
Multivessel disease 72.3% (138) 69.7% (115) 0.46 71.0% (49) 71.1% (204) 0.99
Coronary collateral circulation: 0.05
Rentrop 0 4.2% (8) 1.4% (1) 02.4% (7)
Rentrop 1 95.8% (183) 63.8% (44) 48.4% (139)
Rentrop 2 79.4% (131) 27.5% (19) 39.0% (112)
Rentrop 3 20.6% (34) 7.2% (5) 10.1% (29)
Collateral classification: 0.03
Impaired 65.2% (45) 50.9% (146)
Developed 34.8% (24) 49.1% (141)
Total 53.7% (191) 46.3% (165) 19.4% (69) 80.6% (287)

LDL — low density lipoprotein, HbA1c — glycosylsated haemoglobin; ALP — alkaline phosphatase, Elevated ALP > 129 in men, > 104 in women;
LVEF — left ventricular ejection fraction; ALT — alanine aminotransferase; AST — aspartate aminotransferase; p < 0.05 is indicated as significant

variables, correlation analysis clearly revealed the unfavourable
effect of ALP on coronary heart disease (p = 0.03).

Our study design and exclusion criteria make our findings
reliable. We measured the tissue-non-specific ALP, which is
mainly concentrated in the bone, liver and kidney, and excluded
patients with chronic diseases of the liver, bone and kidney, which
could have interfered with our results. We also excluded patients
with inflammatory diseases in which ALP levels tend to increase.
Therefore, we propose that serum ALP level is an important
prognostic factor in the formation of coronary collaterals and
can be considered in the clinical implications regarding CAD.
Moreover, an elevated ALP level may show a stronger association
with either the presence (Rentrop 1-2-3) or absence (Rentrop 0)
of CCC. Due to our strict inclusion criteria (>95 % stenosis in at
least one major epicardial vessel), there were only eight patients
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with Rentrop 0 CCC. Further studies with larger samples may
be required to show a significant correlation, as in our sample
elevated ALP levels were only observed in 69 patients.

Limitations of the study
The retrospective study design and relatively small sample size
(only eight patients in the Rentrop O group) are the major limita-
tions of the study. We included patients with coronary stenosis
of atleast 95% in one major epicardial coronary vessel in order
to obtain more patients with collateral circulation. However,
this strict inclusion criterion led to a small patient sample
with non-developed CCC (Rentrop 0). We recommend that
further investigations regarding CCC should have a standard
inclusion criterion of > 70% coronary stenosis in at least one
major epicardial coronary vessel, which may solve this prob-
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Table 3. Univariate and multivariate logistic regression analysis to reveal the determinants of coronary collateral circulation (CCC)

Dependant variable: CCC Univariate analysis Multivariate analysis
95% CI 95% CI P

Age [years] 0.985-1.021 0.73

Sex (male/female) 0.379-1.066 0.08 0.437-1.272 0.28
Presence of diabetes mellitus 1.132-2.650 0.01 1.153-2.750 0.009
Presence of hypertension 0.851-2.102 0.20

LDL cholesterol 0.996-1.006 0.70

Triglyceride 0.998-1.002 0.83

Creatinine 0.352-1.180 0.15

HbA1c 0.812-1.159 0.73

Multivessel disease 0.715-1.791 0.59

Elevated ALP 1.048-3.129 0.03 1.056-3.264 0.03
LVEF [%] 0.994-1.44 0.13

Calcium 0.816-1.522 0.49

Phosphate 0.844-1.620 0.34

Cl — confidence interval; LDL — low density lipoprotein; HbA1c — glycosylated haemoglobin; ALP — alkaline phosphatase; LVEF — left ventricu-
lar ejection fraction; p < 0.10 is indicated as significant in univariate analysis; p < 0.05 is indicated as significant in multivariate analysis

lem. Moreover, we assessed CCC with Rentrop classification
and we did not perform other methods such as collateral flow 1.
grade, collateral frame count or recipient filling grade which
may vyield different results. In addition, other inflammatory 5
and neurohormonal mediators including C-reactive protein,
B-type natriuretic peptide, erythropoietin, nitric oxide, other
proinflammatory cytokines and markers of oxidative stress
have the potential to affect CCC development, but they were 5
not measured herein. We also did not measure the parathy-
roid hormone and vitamin D levels, which may affect ALP
levels. We individually measured the tissue-non-specific ALP
level. Measurement of bone-specific ALP may yield a more
accurate result. Serum ALP was defined as a marker of vascular
calcification. However, we did not check the coronary calcium 3.
score or perform specific techniques such as intravascular
ultrasound to determine the extent and severity of the CAD. ¢
We only evaluated the collateral circulation. On the other
hand, numerous studies have already shown that CCC is 7-
a strong prognostic factor in the progression of CAD disease,
and elevated ALP level may be accepted as an unfavourable
factor in the progression of CAD. 8.

CONCLUSIONS
Serum ALP is a widely avaliable vasculopathic prognostic
parameter in coronary heart disease. Our results support the
previously proposed unfavourable prognostic effect of ALP in
cardiovascular disease. We showed that elevated ALP levels
were associated with inadequate CCC, which supports the
reported literature concerning the negative prognostic value

of ALP levels in cardiovascular settings. 11.
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Wplyw aktywnosci fosfatazy zasadowej
W surowicy na wiencowe krazenie oboczne
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Streszczenie

Wistep: Jak wskazuja badania, aktywnos¢ fosfatazy zasadowej (ALP) w surowicy jest czynnikiem prognostycznym zawatu serca
i udaru mézgu, poniewaz enzym ten wptywa na zwiekszenie uwapnienia naczyn krwionosnych.

Cel: Celem pracy byfo zbadanie po raz pierwszy korelacji miedzy aktywnoscia ALP w surowicy a rozwojem wiericowego kra-
zenia obocznego (CCC).

Metody: W badaniu retrospektywnie oceniono 356 chorych ze stabilng dfawica piersiowa. Osoby te podzielono na grupy
w zaleznosci od aktywnosci ALP i stopnia CCC. Uposledzenie CCC definiowano jako przeptyw stopnia 0-1 wg klasyfikacji
Rentropa. Aktywnos$¢ ALP w surowicy wynoszaca > 129 mg/dl u mezczyzn i > 104 mg/d| u kobiet uznawano za podwyzszenie
aktywnosci ALP. Przeprowadzono poréwnania statystyczne parametréw klinicznych, laboratoryjnych i demograficznych miedzy
wszystkimi grupami.

Wyniki: Niedostateczne CCC zaobserwowano u 53,7% chorych. Srednia aktywno$¢ ALP wynosita 102,8 + 57,9 mg/dl, a pod-
wyzszong aktywno$¢ ALP wykryto u 19,4% pacjentéw. Wykazano istotna korelacje miedzy aktywnosciag ALP a stopniem CCC;
stabsze CCC wiazalo sie z proporcjonalnie wyzszymi aktywno$ciami ALP (65,2% vs. 50,9%; p = 0,03). Réwniez wieloczyn-
nikowa analiza regresji wykazafa istotng zaleznos¢ miedzy wyzszymi aktywnosciami ALP a stabszym CCC (OR 1,85; 95% ClI
1,056-3,264; p = 0,03).

Whioski: Aktywno$¢ ALP w surowicy jest powszechnie dostepnym parametrem rokowniczym w chorobie wieicowej. Podwyzszo-
ne aktywnosci ALP wigzaly sie z niedostatecznym CCC, co potwierdza wyniki wczesniejszych doniesiert dotyczacych znaczenia
tego parametru jako wskaznika niekorzystnego rokowania u pacjentéw z chorobami sercowo-naczyniowymi.

Stowa kluczowe: fosfataza zasadowa, wieficowe krazenie oboczne, stabilna dtawica
Kardiol Pol 2014; 72, 12: 1388-1393
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