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ABSTRACT
Introduction: As noted in the guidelines, the efficacy of coronary artery calcium score (CACS) is remarkable in the intermediate-risk
group for coronary artery disease; however, it exposes the patients to radiation. In this study, we aimed to investigate whether growth
differentiation factor-15 (GDF-15) could be an alternative to CACS in patients with traditional cardiovascular risk factors.
Methods: In 2018, 86 volunteer patients (female: n=36; male: n=50) aged 25-85 years were included in the study among all patients
whose CACS measurements were made in the radiology clinic. In our hospital, CACS images are obtained using 64-slice computed
tomography. Serum GDF-15 levels were measured from venous blood. Participants were divided into two groups as zero and high
(>0) according to the CACS. SPSS 21.0 was used for the statistical analysis.
Results: Participants were compared with zero (female: n=16; male: n=17; mean age: 53.93 years) and high (>0) (female: 20, male:
33; mean age: 58.2 years) CACS groups. Leukocytes, GDF-15 levels, and monocyte/high-density lipoprotein-cholesterol (HDL-C) ratio
were significantly higher in the CACS group (p<0.05). Significant positive correlations were found between CACS and GDF-15 (rs=0.21),
monocyte/HDL-C ratio (rs=0.29), and platelet/lymphocyte ratio (rs=0.21) (p<0.05).
Conclusion: In this study, GDF-15 and inflammatory markers were positively correlated with CACS. A significant difference was found
in GDF-15 between patients with and without critical stenosis. Therefore, we can predict that the prognostic value of GDF-15 will be
higher, especially in patients with critical stenosis. In this respect, studies with larger samples are needed.
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Introduction
Coronary artery disease (CAD) remains a significant public health problem
in developed countries. Conditions such as industrial nutrition, sedentary
life, smoking, and genetic and environmental factors that emerged after
the industrial revolution negatively affect coronary vascular health.
The coronary artery calcium score (CACS) is an important prognostic
marker in the moderate-risk group of CAD (1). Guidelines recommend
its use for asymptomatic moderate-risk individuals with a 10-20% risk

Growth differentiation factor-15 (GDF-15) is a distant member of the
transforming growth factor-beta superfamily, whose expression is
increased under cellular stress. GDF-15 regulates biological processes
involving multiple cell functions, differentiation, and regeneration of
tissues (2). In CV events, GDF-15 is associated with increased mortality
in people with heart failure, coronary heart disease (CHD), cardiac
hypertrophy, and acute coronary syndrome (3).
In this study, we investigated whether GDF-15 could be an alternative to
CACS in patients with traditional CV risk factors.

of cardiovascular (CV) events at 10 years, according to the Framingham
Risk score (FRS) (1). However, the disadvantage of scanning is that healthy

Methods

people are exposed to radiation. Thus, it is vital to achieve the same

Between March and November 2018, 86 volunteer patients aged 25-85
years (female: n=36, male: n=50; mean age: 56.67 years) who applied

effect with radiation-free methods to protect healthy individuals.
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to the radiology clinic for CACS screening due to traditional CV risk
factors were included in the study. Patients with pregnancy, acute
infection, acute vascular event, malignancy, known genetic disease,
rheumatological disease, chronic renal failure, uncontrolled thyroid
function tests, old stents, and inadequate cooperation and orientation
were excluded from the study. All participants’ anamnesis was taken,
and detailed physical examinations were performed.
The approval form the University of Health Sciences Turkey, İstanbul
Training and Research Hospital Local Ethics Committee was obtained
(approval number: 1197, date: 09.03.2018). All patients have read and
signed informed consent forms before participation.
Images were obtained on a 64-slice CT (Toshiba Aquilion system, Tokyo,
Japan) with 400 mm rotation time and a 1 mm reconstruction device
capable of descending to 0.5 sections. An automatic dose modulation
system was used in the examinations. Images obtained without
intravenous use of drugs using the electrocardiogram trigger feature
with a 3 mm slice thickness were evaluated on the Aqua 3D workstation
(Toshiba, Tokyo, Japan). Lesions with density >130 HU were marked and
classified according to the Agatston technique. Percentile calculation for
CACS values was performed with https://www.mesa-nhlbi.org/calcium/
input.aspx.
According to the CACS, elective coronary angiography (CAG) was
performed in the indicated patients, and ≥50% stenosis in a single vessel
was considered critical stenosis.
Biochemistry and hemogram parameters were measured from the
venous blood sample after 8h of fasting. Monocyte/high-density
lipoprotein-cholesterol (HDL-C) and platelet/lymphocyte ratios, which
are used as indicators of oxidative stress and systemic inflammation,
were calculated from the obtained hemogram parameters. Laboratory
results obtained in the routine follow-up of patients were used, and no
additional expense was incurred.
In addition, extra venous blood was taken into a biochemistry tube
and centrifugated. It was stored in a -80 °C cabinet until the end of
the study, and serum GDF-15 levels were then measured by using the
sandwich enzyme-linked immunosorbent assay (human GDF-15 ELISA
Kit, Elabscience, Wuhan, China). This kit recognizes human GDF-15 in
samples. It has a detection range of 23.44-1500 pg/mL, sensitivity of
14.06 pg/mL, and repeatability/coefficient of variation <10%.

In descriptive statistics, the mean and standard deviation were used
in the expression of quantitative variables. Categorical variables are
expressed by frequency and valid percentage. The p-value was accepted
as <0.05 for significance. The results were evaluated at the 95%
confidence interval. Data evaluation and analysis were performed using
SPSS version 21 (IBM Corp., Armonk, NY, USA).

Results
All participants in the study (female: n=36; male: n=50; mean age: 56.67
years) were divided into two groups. Group 1 had zero CACS (female:
n=16; male: n=17; mean age: 53.93 years), and group 2 had high (>0)
CACS (female: n=20; male: n=33; mean age: 58.2 years). Leukocytes,
GDF-15, and monocytes/HDL-C ratio of the high CACS group were higher
on average, and these differences were significant (p<0.05) (Table 1).
C-reactive protein and platelet/lymphocyte ratio were on average higher
in the high CACS group. However, these between-group differences were
not significant (p>0.05) (Table 1).
According to the CACS results, elective CAG was performed as necessary,
and stenosis ≥50% in a single vessel was considered critical stenosis.
Participants with critical stenosis (female: n=9; male: n=18; mean age:
64.9 years) and those without critical stenosis (female: n=26; male:
n=33; mean age: 52.8 years) were compared. CACS, percentile values,
GDF-15, monocyte/HDL-C ratio, and thrombocyte/lymphocyte ratio
were higher in patients with critical stenosis, and this difference was
significant between the two groups (p<0.05) (Table 2).
The correlation of CACS with other parameters was examined. A
significantly positive correlation with GDF-15 (rs=0.21), monocyte/
HDL-C (rs=0.29), and platelet/lymphocyte ratio (rs=0.21) ratios was
found (p<0.05) (Table 3). When the correlation of GDF-15 with other
parameters was examined, a significant positive correlation with the
percentile values was noted (rs=0.34, p=0.001). However, no significant
correlation was found between GDF-15 and monocyte/HDL-C and
thrombocyte/lymphocyte ratios (p>0.05) (Table 3).
The receiver operating characteristics analysis was performed for CACS
and GDF-15, which determine critical coronary artery stenosis. The areas
Table 1. Comparison of groups with high calcium score and zero

Age (years)

CACS=0
(n=33)

CACS>0
(n=53)

p-value

53.93±11.42

58.2±11.31

p=0.09 T

Gender

Statistical Analysis

Female

16 (48.5)

20 (37.5)

Power analysis was performed, and a sample size of 90 was determined
(alpha: 0.05, power: 0.8) (4). The suitability of the quantitative variables
to a normal distribution was evaluated using the Shapiro-Wilk test.
Participants were evaluated as zero and high (>0) groups according
to the CACS, and data were compared between the two groups. A 50%
stenosis in CAG was accepted as critical stenosis. All participants who
underwent CAG were regrouped according to the presence of critical
stenosis, and available data were compared between the two groups.
Finally, the correlations of CACS and GDF-15 with each other and with
other parameters were analyzed.

Male

17 (51.5)

33 (62.2)

4.21±6.21

9.13±11.29

CRP (mg/L)

p=1.0 χ2
p=0.21 T

WBC (×10 /µL)

7.28±1.38

8.18±2.26

p=0.03 T

GDF-15 (pg/mL)

1611±712

1925±595

p=0.03 T

Monocytes/HDL-C

0.009±0.006

0.01±0.007

p=0.01 T

Platelet/lymphocyte

105.59±52.98

115.97±62.60

p=0.43 T

3

Student’s t-test (T): mean ± standard deviation, chi-square test (χ2): n (%
valid). CACS: Coronary artery calcium score, CRP: C-reactive protein, GDF-15: growth

differentiation factor-15, HDL-C: high-density lipoprotein-cholesterol, WBC: white blood
cells
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under the curve were 0.834 for CACS (sensitivity, 96%; specificity, 66.1%;
cut-off, 69; p<0.01) and 0.389 for GDF-15 (sensitivity, 45.8%; specificity,
78.9%; cut-off, 1608.7; p=0.11) (Figure 1).

Discussion
CAD and CACS
Atherosclerosis is the main pathogenetic cause of CAD, which is a
significant cause of mortality and morbidity. The atherosclerosis process
begins early in life and progresses slowly (5). Vascular calcification appears
as calcification or ossification at the base of advanced atherosclerotic
lesions and has long been considered a natural consequence of aging.
However, this is not an inevitable end and is an active pathological
process (6).
CAD may be asymptomatic for a long time. Thus, it is critical to develop
a screening strategy to identify those at moderate- and high-risk
individuals without symptoms and to protect them from potential death
and disability (7). A strong relationship was found between CV events
and CACS in asymptomatic cases (8). For example, in 2004, Greenland
et al. (9) evaluated whether CACS has additional prognostic significance
for CHD and followed the participants for 7 years. After the study, CACS
estimates individuals with a 10-year risk >10% according to FRS (9). In
another study, 69% of the participants constituted a severe-risk group
when assessed with FRS alone. However, this rate increased to 77%
in the combined evaluation using FRS and CACS (10). In 2010, Erbel
et al. (11) stated that adding CACS to traditional risk scoring improves
the prediction of coronary death or non-fatal myocardial infarction.

CACS is highly specific for coronary atherosclerosis. The sensitivity of
CACS for obstructive CAD has been reported to be between 88% and
100%. Moreover, the amount of calcium was associated with the total
size of the atherosclerotic plaque (12). An autopsy study reported that
coronary artery plaques show a positive correlation with CACS (13). An
intracoronary ultrasound study also revealed that CACS is related to
the location and grade of atherosclerotic plaques (14). As a result, the
guidelines stated that CACS should be considered in CV risk assessment
of moderate-risk individuals without symptoms (level of evidence class
IIa, level B) (1). As regards cost-effectiveness, CACS is better than existing
screening methods for intermediate-risk men (15).
CACS was first described by Agatston et al. (8) using ultrafast CT in 1990. It
is used to calculate hyperdense lesions measured at ≥130 HU in the axial
plane tomography sections. Individual CAD risk is determined according
to the Agatston classification (16). However, some ethical issues prevail
with the widespread use of CACS. CACS scanning exposes the patients
to ionizing radiation and some people indicated for screening are
healthy individuals (7). The effective dose for CACS using CT is 10 times
the effective dose (0.7-1.8 mSv) for chest X-ray imaging (17). However, a

Table 2. Comparison of groups with critical and noncritical
stenosis
Non-critical
stenosis
(n=59)

Critical
stenosis
(n=27)

p-value (T)

CACS

222±438

1074±1697

p=0.01

Percentile

48.6±42.5

87.70±13.47

p<0.001

GDF-15 (pg/mL)

1717±644

2034±683

p=0.04

Monocyte/HDL-C

0.010±0.007

0.014±0.006

p=0.02

Platelet/lymphocyte

100.5±54.3

136.9±62

p=0.007

Figure 1. ROC analysis of CACS and GDF-15 to determine critical CAS

Student’s t-test (T): mean ± standard deviation.
CACS: Coronary artery calcium score, GDF-15: growth differentiation factor-15, HDL-C:
high-density lipoprotein-cholesterol

AUC: CACS=0.834, GDF-15=0.389, CACS: Coronary artery calcium score,
GDF-15: growth differentiation factor-15, CAS: coronary artery stenosis,
AUC: area under the curve, ROC: receiver operating characteristics

Table 3. Correlation levels
With CACS

n

r value

r2

p value (ρ)

r s value

p value (s)

GDF-15 (pg/mL)

86

0.18

0.032

p=0.08

0.21

p=0.04

Monocytes/HDL-C

86

0.22

0.048

p=0.03

0.29

p=0.005

Platelet/lymphocyte

86

0.15

0.022

p=0.16

0.21

p=0.04

Percentile

86

0.33

0.108

p=0.002

0.34

p=0.001

Monocytes/HDL-C

86

-0.03

<0.001

p=0.72

-0.09

p=0.37

Platelet/lymphocyte

86

-0.08

0.006

p=0.43

-0.11

p=0.3

With GDF-15

ρ: Pearson correlation analysis, s: Spearman’s Rho correlation analysis.
CACS: coronary artery calcium score, GDF-15: growth differentiation factor 15, HDL-C: high-density lipoprotein-cholesterol
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single moderate exposure (2.3 mSv) at age 40 years causes cancer, with a
rate of 28 per 100,000 in women and 9 per 100,000 in men (18).

coronary atherosclerosis in our study. A significant difference was found
between the groups in terms of monocyte/HDL-C ratio in the evaluation
with both CACS and critical stenosis.

GDF-15 and CV Diseases
GDF-15 is one of the markers associated with cardiometabolic syndrome
(19). GDF-15 regulates biological processes, including multiple cell
functions, differentiation, and tissue regeneration (2). It facilitates the
apoptosis of tumor cells and acts as a suppressor on metastasis (20).
GDF-15 levels increase physiologically with age and during pregnancy
(19,21). GDF-15 is secreted from active macrophages in human vascular
smooth muscle cells, human endothelial cells, and human adipocytes,
which are stimulated by proinflammatory cytokines (22). Atherosclerotic
plaques also express GDF-15. Some other conditions associated with
high GDF-15 levels include smoking, type 2 diabetes mellitus, metabolic
syndrome, sepsis, and chronic inflammatory conditions such as
rheumatoid arthritis, chronic kidney disease, anemia, solid cancers, and
cachexia (23).
In CV events, studies have shown that individuals with CV risk factors
or a history of CV disease have higher levels of GDF-15 than those
without (24). A study reported that GDF-15 is associated with coronary
artery calcification and atherosclerotic plaque burden in the coronary
artery (23). In the AtheroGene study, GDF-15 was associated with CHD
mortality, left ventricular ejection fraction, and number of diseased
vessels independent of conventional CV risk factors (25). Furthermore,
in the “Heart and Soul” study, all-cause mortality and fatal/non-fatal
CV events were independently associated with GDF-15 levels (26).
Therefore, high GDF-15 levels may indicate occult CV disease in healthy
individuals (27). Another critical point is that a study identified GDF-15
as a cardioprotective agent (28). In a study of CHD, the animal model
has shown that GDF-15 has anti-inflammatory, anti-hypertrophic, and
anti-apoptotic properties that may have a protective role and improve
tissue repair (3).
GDF-15 and CACS
Both CACS and GDF-15 have prognostic significance for CAD independent
of traditional CV risk factors. Studies have also examined both. For
example, in 2017, Martinez et al. (29), examined the correlation of
GDF-15 levels and subclinical atherosclerosis with CACS in patients with
stable chronic obstructive pulmonary disease. GDF-15 was associated
with high CACS at high tertile compared with low tertile (29). The
“Dallas Heart Study,” which examined the relationship between GDF15 and subclinical atherosclerosis, noted that GDF-15 is independently
associated with subclinical coronary atherosclerosis, and the potential
role of GDF-15 deserves further evaluation (22).
In our study, GDF-15 was associated with coronary atherosclerosis
as determined by the CACS, similar to reports in some studies. When
the participants were compared according to their CACS, a significant
difference in GDF-15 was found. In addition, a positive correlation was
found between CACS and GDF-15. According to CAG results, those with
and without critical stenosis were compared, and a significant difference
was found in GDF-15. In this respect, the prognostic value of GDF-15
will be higher, especially in patients with critical stenosis. Similarly, the
monocyte/HDL-C ratio, an inflammatory marker, is also associated with

Study Limitations
The sample size could not be expanded because of the limited number
of kits and the completion of our study in a certain time. Our patient
population consists of people with low socioeconomic status given our
hospital’s location, which reduces the diversity of our sample. Moreover,
our relatively limited population reduces the statistical power. All these
limit the generalization of our results.

Conclusion
The development of nonionizing and non-invasive methods is essential
in identifying individuals at moderate-risk for CAD. GDF-15 and
inflammatory markers appear suitable for this purpose. After our study,
GDF-15 levels and monocyte/HDL-C ratio were higher in individuals with
high CACS, and a significantly positive correlation was found between
CACS and monocyte/HDL-C ratios and GDF-15 levels. In critical stenosis,
both monocyte/HDL-C ratios and GDF-15 levels were significantly higher
than non-critical stenosis. Therefore, we can predict that the prognostic
value of GDF-15 will be higher, especially in those with critical stenosis.
In this respect, studies with larger samples are needed.
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