Original Investigation

istanbul Med ] 2024; 25(2): 132-6
DOI: 10.4274/imj.galenos.2024.14602

Comparison of Coronary Artery Calcium Score and Serum
Calcium, Phosphorus, and Gamma-Glutamyl Transferase Levels
in Patients with Coronary Artery Imaging by Multi-Sectional
Computed Tomography with Chronic Ischemic Heart Disease
Prediagnosis

@ ilkay Giiltiirk?, @ Giilru Birce Sonmezoz2, ® Sema Aksoy3, ® Hayri Polat4

TUniversity of Health Sciences Turkey, istanbul Training and Research Hospital, Clinic of Medical Oncology, istanbul, Turkey

2University of Health Sciences Turkey, Bakirkdy Dr. Sadi Konuk Training and Research Hospital, Clinic of Internal Medicine, istanbul, Turkey
3University of Health Sciences Turkey, Bakirkdy Dr. Sadi Konuk Training and Research Hospital, Clinic of Radiology, istanbul, Turkey
4University of Health Sciences Turkey, istanbul Training and Research Hospital, Clinic of Internal Medicine, istanbul, Turkey

ABSTRACT

Introduction: Coronary artery disease (CAD) is a leading cause of morbidity and mortality worldwide. Calcification of the coronary
artery wall is a definite indicator of coronary atherosclerosis. Calcium scores in coronary arteries (CAC) can be detected by multidetector
computed tomography (MDCT) before any cardiac event occurs. Gamma-glutamyl transferase (GGT) is a biomarker for oxidative stress
and a proatherogenic marker for its indirect contribution to the biochemical process resulting in low-density lipoprotein cholesterol
oxidation. Studies have shown that serum inorganic phosphorus levels are an independent risk factor for cardiovascular mortality. In
our study, we evaluated the correlation between MDCT, CAC score, and the risk of coronary events predicted by evaluating this score
according to age, gender, and serum GGT, calcium, and phosphorus levels.

Methods: In this retrospective study, 190 patients with a prediagnosis of CAD, laboratory investigations and MDCT were included.
Patients were divided into three groups as low, intermediate, and high based on the risk of coronary events determined by the
evaluation of CAC scores according to age and gender.

Results: In our study, a statistically significant result was found between high serum phosphorus and GGT levels and CACand coronary
event high risk groups classified according to this score (p<0.05). No significant result was found with high calcium level (p>0.05).

Conclusion: The correlation of phosphorus and GGT levels, which are considered independent risk factors for CAD, with CAC, which

is an indicator of atherosclerosis in coronary arteries, was significant.
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Introduction

Coronary artery disease (CAD) is a leading cause of morbidity and
mortality worldwide. CAD risk factors were first identified in the
Framingham Heart Study in 1948 and later were confirmed by numerous
studies. Non-modifiable risk factors are; gender, family history of
premature CAD (CAD in a primary male relative before the age of 55
years and CAD in a primary female relative before the age of 65 years),
age, racial background, and history of vascular disease. Modifiable risk
factors are; diabetes mellitus, hypertension, hypercholesterolemia,
smoking, central obesity, sedentary lifestyle, and hyperhomocysteinemia (1).
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Calcification of the coronary artery is a definite indicator of coronary
atherosclerosis (2). Calcium scores in coronary arteries (CAC) can detect
ischemic heart disease before the development of any cardiac event.
CAC shows the current cardiac status of the patient and possible future
pathologies (valvular heart disease, CAD) and provides the physician
with the necessary information in this respect. In many studies, the
coronary calcium score has been found to be a prognostic parameter
with a high predictive value for severe cardiac events within 3-5 years in
asymptomatic patients (3). Using multidetector computed tomography
(MDCT), we can visualize coronary artery calcification non-invasively,
sensitively, and safely (4-6).
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Serum gamma-glutamyl transferase (GGT) levels provide information
about hepatobiliary diseases and alcohol consumption (7,8). Studies
in the literature have demonstrated the pathway of GGT activity in the
pathogenesis of atherosclerosis and its involvement in oxidative events
related to atheroma plaque formation (9). GGT activity has been detected
in pathological studies performed in coronary artery plaques (10,11).
Studies have supported the idea that serum GGT levels have prognostic
and predictive value for CAD formation.

Phosphorus is a mineral with many functions in our body. Regulation of
body phosphorus content is an important homeostatic requirement due
to its important functions such as cellular signal transduction, energy
production and transfer, membrane transport, participation in the
catalytic activity of many enzymes, and bone mineral formation (12).
Experimental and clinical data from recent studies have identified a role
for elevated serum phosphorus levels in the pathogenesis of vascular
damage. Recent studies have shown that higher blood phosphorus
and phosphorus-calcium combination levels in patients with a history
of chronic kidney disease (CKD) are related to increased cardiovascular
disease mortality by causing coronary atherosclerosis and coronary
calcification (13-15).

Many studies in the medical literature are attempting to produce
diagnostic or prognostic tools that provide the highest benefit and
lowest cost. In our study, we assessed the correlation between MDCT,
which is an excellent non-invasive radiological examination method to
detect CAD, the CAC calculated by this imaging method, and the risk of
coronary events predicted by evaluating this score according to age and
gender, and serum GGT, calcium, and phosphorus levels, which have
been accepted as independent risk factors for ischemic heart disease in
recent studies.

Methods

Patients admitted to University of Health Sciences Turkey, istanbul
Training and Research Hospital with a prediagnosis of CAD and who
underwent coronary artery imaging with MDCT were retrospectively
analyzed. Age, gender, hemogram, and biochemistry parameters were
obtained from the file information (Table 1). CAC score, plaque volume,
and parameters related to the risk of coronary events obtained from
radiological reports based on the table formed by the assessment of this
information according to sex and age were obtained. CAC score below
100 was considered low risk, and above 400 was considered high risk.
CAC score between 100 and 400 was considered moderate risk. Patients
aged between 3570 years with renal failure and known CAD were
excluded from the study.

Technique

Sixteen-detector MDCT was used to obtain non-contrast volumetric
axial slices with 0.1 cm slice diameter, 0.5 mm reconstruction, 0.75 mm
collimation, and interval synchronized with ECG. Calcium scoring was
evaluated in the left anterior descending artery, left main coronary
artery, right main coronary artery, and circumflex artery according
to the Agatston score using the “Siemens Calcium Scoring Software”
(Figure 1).
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Statistical Analysis

The correlation between the CAC score and the risk of coronary events
and GGT, calcium, and phosphorus values was evaluated. SPSS 15.0 for
Windows software was used for statistical analysis. Descriptive statistics
are given as numbers and percentages for categorical variables and
mean, standard deviation, minimum, and maximum for numerical
variables. The correlations between the numerical variables were
analyzed by Spearman’s correlation analysis because parametric
test conditions could not be met. Because the numerical variables
compared in the two independent groups did not fulfill the normal
distribution condition, they were compared using the Mann-Whitney
U test. Numerical variables in more than two independent groups
were analyzed by ANOVA when a normal distribution condition was
provided and by the Kruskal-Wallis test when a normal distribution
condition was not provided. Subgroup analyses were performed with
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Figure 1. Calcified plaques in the left main coronary artery were detected
in a 61-year-old male patient. The calculated Agatston score was 201, and
the patient was considered to be at moderate risk for ischemic heart disease

Table 1. Patient characteristics

Number of patients (n) 190
Age mean + SD (min.-max.) 53.6%9.0 (35-70)
Male 104 (54.7)
Gender n (%)
Female 86 (45.3)

Plaque volume mean + SD (min.-max.) 126.1+296.2 (0-2780)

CAC score mean =+ SD (min.-max.) 139.5+358.2 (0-3569)

Low 105 (55.3)
Coronary event risk n (%) Intermediate 44 (23.2)
High 41(21.6)

GGT mean + SD (min.-max.) 42.8+53.6 (6-559)
9.4+0.7 (4.6-10.7)
3.6+0.7 (2.1-5.2)

34.846.5 (20-50.5)

SD: Standard deviation, min.: Minimum, max.: Maximum, CAC: Calcium scores in
coronary arteries, GGT: Gamma-glutamyl transferase

Calcium mean £ SD (min.-max.)
Phosphorus mean + SD (min.-max.)

Calcium X phosphorus mean =+ SD (min.-max.)
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Tukey’s test in the parametric test and the Mann-Whitney U test in the
non-parametric test and were interpreted with Bonferroni correction.
The ratios of categorical variables in the independent groups were
tested by chi-square analysis. The factors determining the numerical
variables were analyzed using linear regression analysis with the
backward elimination method. P<0.05 was accepted as the statistically
significant level.

Results

A total of 190 patients (104 males and 86 females) who underwent
coronary artery imaging with MDCT and with a prediagnosis of CAD
were included in the study. Demographic data of the patients are
presented in Table 1. The mean age of the patients included in the
study was 53.6+£9.0 years. The mean plaque volume and CAC score
were 126.1£296.2 and 139.5+358.2, respectively. According to the
evaluation results, 55.3% of the patients had low coronary risk, 23.2%
had intermediate risk, and 21.6% had high coronary risk. The mean GGT,
calcium, phosphorus and CaxP values were 42.8453.6, 9.520.6, 3.7£0.6
and 34.8£6.5, respectively.

A significant difference was found in the mean age, GGT, P, and CaxP in
the coronary event risk groups (p<0.001, p=0.008, p<0.001, p<0.001,
p<0.001) (Table 2). In the group with a high-risk of coronary events,
mean age, P, and CaxP were significantly higher than in the low and
intermediate groups (Table 3). The differences between the groups with
low and intermediate risk of coronary events were not significant (Figure
1-4, Table 3). Mean GGT was significantly higher only in the high group
compared to the low group. No significant difference was found in the
gender ratios and Ca averages of the groups (Table 2).

In the model created to analyze the determinants of coronary artery
calcium score, CaxP, age, and gender were found to be the most
significant factors by multivariate linear regression analysis with the
backward elimination method (p<0.001 p=0.002 p=0.024) (Table 4).
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Figure 2. Risk of coronary events according to GGT levels
GGT: Gamma-glutamyl transferase
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Discussion

We found that; the correlation of phosphorus and GGT levels, which are
considered independent risk factors in predicting ischemic heart disease,
with CAC, which is an indicator of atherosclerosis, was significant. This
result will be helpful in our clinical practice in the early diagnosis and
treatment of ischemic heart disease.

To date, many studies, including long-term follow-up investigations
of the correlation of serum GGT activity with long-term metabolic
syndrome development, cardiovascular disease development, and
mortality, have been conducted (16). Studies have shown that GGT is
an important marker of the probability of coronary heart disease
independent of cardiovascular disease risk factors in the long term, and
moderate increases in the reference range reflect a significant increase
in the probability.

In 1993, Block et al. (17) unexpectedly described the correlation of
increased serum GGT levels with cardiac mortality while conducting
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Figure 3. Risk of coronary events according to phosphorus levels
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Figure 4. Risk of coronary events according to CaxP levels
CaxP: Calcium X phosphorus



Table 2. Coronary artery disease risk 1
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Coronary artery disease risk

Low .
Intermediate

51.2+9.0 (35-68)
53 (50.5)

52 (49.5)
32.0+17.7 (6-124)
9.440.7 (4.7-10.6)
3.540.6 (2-5.3)
32.7+6.0 (20-48.8)

Age mean + SD (min.-max.)

Gender n (%) Male
Female

GGT mean + SD (min.-max.)

CA mean + SD (min.-max.)

P mean + SD (min.-max.)

CaxP mean =+ SD (min.-max.)

High p-value

54.7+7.8 (36-69) 58.8+8.1 (41-70) <0.001
27 (61.4) 24 (58.5) 0.409
17 (38.6) 17 (41.5)

45.6+49.4 (9-279) 67.7+96.8 (13-559) 0.008
9.6+0.3 (9-10.4) 9.7£0.4 (9.1-10.6) 0.069
3.7£0.5 (2.8-4.9) 4.1£0.6 (2.8-5.2) <0.001
35.245.5 (26.9-47.0) 39.7£6.3 (28.5-50.5) <0.001

SD: Standard deviation, min.: Minimum, max.: Maximum, CA: Calcium, CaxP: Calcium X phosphorus, GGT: Gamma-glutamyl transferase, P: Phosphoru

Table 3. Coronary artery disease risk -2

Coronary artery disease risk

Low vs. Low vs. Intermediate vs.
intermediate high high

Age 0.020 <0.001 0.011

GGT 0.166 0.002 0.114

P 0.045 <0.001 0.004

CaxP 0.073 <0.001 0.006

CA: Calcium, CaxP: Calcium X phosphorus, GGT: Gamma-glutamyl transferase, P:
Phosphorus

Table 4. Predictors of the coronary artery calcium score

B Beta p-value
Constant -695,031
CaxP 17,479 0.316 <0.001
Age 10,164 0.253 0.002
Gender -129,200 -0.180 0.024

CaxP: Calcium X phosphorus

studies on the damage caused by alcohol use in the organism using
laboratory test results.

Reynolds et al. (18) investigated the correlation between serum GGT
levels and new cardiovascular events and mortality, new metabolic
syndrome, and cardiovascular risk factors in a prospective study of 3451
Framingham Offspring Study participants with an average follow-up
time of 19 years. A correlation was found between high GGT activity
and the risk of cardiovascular events and cardiovascular mortality. The
results of this study support the notion that GGT activity is an important
marker in predicting cardiovascular risk (18).

GGT has emerged as a new risk factor in addition to traditional
cardiovascular risk factors. It has been observed in epidemiological
studies that high values of GGT activity in the normal reference
range are a strong independent marker for metabolic syndrome and
cardiovascular events in the long term, a prognostic value in coronary
heart disease, and an independent correlation with all causes of
mortality. Further studies are needed to determine whether drugs used
for treating atherosclerosis affect serum GGT activity, which contributes
to the formation of atherosclerosis. Further research should be
conducted to determine the most risky combination by examining the
correlation of biochemical activation of GGT in atheroma plaque with

global serum activity, inflammation markers, and plasma lipoproteins,
develop aggressive treatment approaches, help prognostically classify
patients, and prevent future adverse cardiac events and mortality.

In our study, blood GGT levels were significantly higher in patients with a
high-risk of ischemic heart disease detected by coronary CT angiography.
This finding will be beneficial in the early diagnosis and treatment of
ischemic heart disease, but it should be supported by controlled studies
involving more patients.

The dose-dependent correlation between cardiovascular disease and
phosphorus levels in the abnormal range that can be seen in late renal
disease is known. In this process, which ends with widespread vascular
calcification, observational studies in dialyzed patient populations
have shown that high serum phosphorus levels are correlated with
cardiovascular events and mortality (19,20). This correlation has led
investigators to associate elevated serum phosphorus levels in the
reference range with ischemic heart disease in patients with normal
renal function. Studies in the literature have shown that serum
phosphorus levels are an independent risk factor for the development
of cardiovascular events and cardiovascular mortality in patients with or
without CAD with normal renal function.

In a study conducted by Dhingra et al. (21) with a mean follow-up of
16.1 years in 3,368 adult Framingham study participants without a
history of cardiovascular disease and with normal kidney function,
high serum phosphorus values and calcium-phosphorus composite
values at the reference range were correlated with an increased risk
of cardiovascular disease. It has been mainly reported that subjects
with serum phosphorus values higher than 3.5 mg/dL within the
reference range have a 1.55-fold higher risk of cardiovascular events
than subjects with <2.8 mg/dL. In addition, in this study, it was shown
that serum phosphorus levels were directly proportional to total/
high-density lipoprotein cholesterol ratio and age and proportional
to body mass index and systolic blood pressure, which are risk factors
for cardiovascular disease. Blood calcium levels were not correlated
with the risk of cardiovascular disease. This study is important in
terms of being the first study to explain the independent correlation
of high serum phosphorus levels with cardiovascular disease risk in a
population-based sample of males and females without cardiovascular
disease or CKD (21).

According to studies in the literature, the association between high P
and cardiovascular events was independent of other traditional risks
and the amount of P in the diet. We did not investigate dietary calcium
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and phosphorus intake in our patient population. Additionally, since
vitamin D was not measured in every patient, we could not examine
its relationship with CAD. Park et al. (22) showed that lower serum P
concentrations within the previously claimed normal range were
associated with lower Agatston score; this suggests that people with
normal kidney function have less coronary artery calcification.

In the prospective study by Foley et al. in 3015 healthy young adults
as part of the Risk of CAD development in young adults study, the
relationship between serum phosphorus levels and the degree of
coronary artery calcification determined by CT imaging at 15 years
was investigated. A significant correlation was found between high
serum phosphorus levels and coronary artery calcification. In this
study, high serum phosphorus levels were shown to be a risk factor
for the development of coronary atherosclerosis in healthy young
adults (23).

Treatment methods continue to support the hypothesis that correcting
the calcium-phosphorus balance in end-stage CKD improves
cardiovascular outcomes. Further studies involving more patients are
needed to evaluate whether high serum phosphorus levels lead to the
risk of cardiovascular events and mortality in patients with normal
kidney function, and to elucidate the underlying mechanism and
provide preventive or therapeutic interventions in the future.

Study Limitations

Our study has certain limitations, such as being a retrospective design,
being a single-center study, and having a limited number of patients.
Therefore, prospective studies with a larger number of patients are
required. However, it should be considered an effective study in terms of
demonstrating the effectiveness of non-invasive and low-cost screening
in the early detection of CAD, which is the most common cause of death
worldwide.

Conclusion

The results showed a significant correlation between the coronary artery
calcium score and serum GGT and phosphorus levels. In our clinical
practice, we can use these two laboratory data as useful predictive
markers in patients with suspected ICH. Further studies on this subject
are needed.
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