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Is There a Relationship Between Metabolic
Equivalence and the SYNTAX Score as Strong
Prognostic Markers?

GUgld Prognostik Belirtegler Olan Metabolik Esdeger ve
SYNTAX Skoru Arasinda Bir Iliski Var Midir?

ABSTRACT

Objective: The metabolic equivalent (MET) and Synergy between Percutaneous Coronary
Intervention with TAXUS and Cardiac Surgery (SYNTAX) score are two parameters with
known cardiovascular prognostic significance. In this study, we aimed to investigate the direct
relationship between MET and SYNTAX score in patients with chronic coronary syndrome
(CCs).

Method: This retrospective study included 200 patients over 18 years of age who underwent
coronary angiography and had a positive exercise electrocardiography test result. Patients were
divided into two groups: Group 1 with a low SYNTAX score and Group 2 with a medium-high
SYNTAX score. MET values were then compared between these groups.

Results: Baseline demographic characteristics and laboratory values were similar between
the groups. The mean MET values in the low and medium-high SYNTAX score groups were
9.36 + 2.38 and 8.78 £ 2.43, respectively. No statistical difference was observed (P = 0.086).
Additionally, there was no statistical difference between the two groups in terms of MET values
being 10 < or 10 > (P =0.172).

Conclusion: The main conclusion of our study is that there is no correlation between the
SYNTAX score and functional MET value in CCS.

Keywords: Chronic coronary syndrome, metabolic equivalent, SYNTAX score

OzET

Amag: Metabolik esdeger (MET) ve SYNTAX skoru kardiyovaskuler prognostik énemi bilinen
iki parametredir. Bu galismada, kronik koroner sendrom (KKS) hastalarinda MET ile SYNTAX
skorunun dogrudan iliskiyi arastirmayr amacladik.

Yontem: Bu retrospektif calismaya koroner anjiyografi yapilan ve pozitif egzersiz
elektrokardiyografi testi sonucu olan 18 yas Ustl 200 hasta dahil edildi. Hastalar iki gruba ayrildi:
Dustik SYNTAX skoru olan Grup 1 ve orta-ylksek SYNTAX skoru olan Grup 2. Ardindan bu
gruplar arasinda MET degerleri karsilastirildi.

Bulgular: Hastalarin bazal demografik 6zellikleri ve laboratuvar degerleri benzerdi. DUsUk ve
orta-ylksek SYNTAX skoru gruplarinda ortalama MET dederi sirasiyla 9,36 + 2,38 ve 8,78
+ 2,43 olarak saptandi. Istatiksel farklilik izlenmedi (P = 0,086). Ayrica, MET degerlerinin
10 < veya 10 > olmasi agisindan yapilan degerlendirmede her iki grup arasinda istatistiksel
fark saptanmadi (P =0,172).

Sonug: Calismamizda saptadigimiz temel sonug, KKS'de SYNTAX skoru ile fonksiyonel MET
degeri arasinda iliski olmadigidir.

Anahtar Kelimeler: Kronik koroner sendrom, metabolik esdeger, SYNTAX skoru

he exercise electrocardiography test (EET) is a test that is frequently requested
for patients presenting at the cardiology polyclinic with symptoms such as chest

pain and dyspnea. EET is used as an adjunct to other tests, particularly in diagnosing
chronic coronary syndrome (CCS), determining functional capacity, and/or predicting
cardiovascular prognosis. Many parameters can be determined during the EET. The
most frequently used of these are maximum heart rate, maximum blood pressure,
maximum ST depression, the Duke treadmill score (DTS), and post-exercise heart rate
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recovery time (HRRT). Some of these parameters have been
associated with the severity of coronary artery disease (CAD),
and some have prognostic importance. In a previous study, a
significant relationship was found between DTS and the SYNergy
between percutaneous coronary intervention (PCI) with TAXUS
and Cardiac Surgery (SYNTAX) score, concluding that DTS is
an important prognostic tool.” Another study suggested that
DTS alone was a useful marker in cases with suspected severe
coronary artery narrowing.? Research involving post-exercise
HRRT identified a relationship between post-exercise HRRT and
the presence of CAD.> and a reduced post-exercise HRRT in
stable CAD was associated with a high SYNTAX score.*

Another parameter measured in EET is the metabolic equivalent
(MET), which is a marker of functional capacity. One MET is
defined as the amount of oxygen consumption in a resting
condition, averaging 3.5 ml O,/kg/min for an adult.” In a review
published in 2021, an increase of 1 unit in the MET value was
associated with a lower risk of all-cause mortality in patients
with CAD.® Additionally, a MET value of 10 is important in EET
and is often used as a threshold in studies. A study found that
patients achieving = 10 MET in EET had a very low prevalence of
inducible ischemia and excellent prognoses.’

The SYNTAX score, first introduced in 2005, objectively evaluates
the extent and severity of CAD.2 A previous study has shown
that higher SYNTAX scores are associated with higher rates of
major cardiovascular events in patients with diabetes and stable
ischemic heart disease.?

There are two primary reasons for planning this study. First,
considering the association of EET parameters such as HRRT and
DTS with the SYNTAX score, it is plausible that the MET value
is also associated with the SYNTAX score. Second, since a high
MET value indicates good cardiovascular prognosis and a high
SYNTAX score suggests poor cardiovascular prognosis, there
may be a correlation between these two parameters. Therefore,
this study was planned with the hypothesis that there could be
a negative correlation between the SYNTAX score and the MET
value. The MET value was hypothesized to be a potential tool
for estimating the SYNTAX score before coronary angiography.
As there are no studies in the literature demonstrating a
relationship between the SYNTAX score and the MET value, this
study aims to make a significant contribution to the literature

ABBREVIATIONS

ACC/AHA American College of Cardiology/American Heart
Association

AUC Area under the curve

CABG Coronary arterial bypass graft

CAD Coronary artery disease

CCs Chronic coronary syndrome

CTO Chronic total occlusion

ECG Electrocardiogram

EET Exercise electrocardiography test

FSSQFR  Functional SYNTAX score based on quantitative flow rate
HRRT Heart rate recovery time

MET Metabolic equivalent

PCI Percutaneous coronary intervention
SYNTAX  Synergy between percutaneous coronary intervention
with TAXUS and cardiac surgery
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by being the first to investigate a direct relationship between
these two parameters.

Materials and Methods

This retrospective study included patients aged 18 years and
older who presented at the Cardiology Polyclinic and underwent
coronary angiography due to suspected CCS. Patients were
excluded from the study if they had acute coronary syndrome,
a history of bypass surgery, known chronic renal, liver, or cardiac
failure, bundle branch block and ST-T alteration on baseline
electrocardiogram (ECG), a history of malignancy, known
asthma/chronic obstructive pulmonary disease, a history of
inflammatory or rheumatological disease, or the presence of an
active infection. A retrospective evaluation was conducted on the
records of patients diagnosed with major CAD (> 50% narrowing
in the epicardial arteries) following coronary angiography (CAG),
and 200 consecutive patients with a positive EET result prior to
CAG were included in the study.

The EET was performed on all patients following the modified
Bruce protocol. Before the exercise test, resting heart rate, blood
pressure, and a 12-lead ECG were recorded in both supine and
upright positions. Heart rate, blood pressure, and ECG were then
recorded at every minute of the exercise. The ECG recordings
obtained were evaluated according to the American College of
Cardiology/American Heart Association (ACC/AHA) guidelines.™
In the exercise electrocardiography evaluation, patients
exhibiting > 1 mm horizontal or downsloping ST depression
60-80 milliseconds (msn) from the ) point, or those with typical
angina or angina-equivalent symptoms were considered to have
a positive EET. The EET results of all the patients were evaluated
by two experienced cardiology specialists, and those with a
positive EET were selected for MET value recording.

Selective coronary angiography was performed on all patients
using the Judkins technique in multiple projections. The SYNTAX
scores of patients with vessel diameters > 1.5 mm were
calculated through the website syntaxscore.org. The CAG results
of all patients were evaluated by two experienced cardiology
specialists.

For laboratory tests, blood samples were taken from all patients
after 12 hours of fasting before the angiography. A comprehensive
metabolic panel and full blood count evaluation were performed
for each patient.

Patients were divided into two groups based on their SYNTAX
scores: low SYNTAX score (< 22) and moderate-high SYNTAX
score (= 23). The MET values were then compared between
these two groups. With 10 METs established as the threshold
forischemia,™" patients were further categorized into two groups
based on their MET values: those below 10 and those above 10.
Comparisons were then made between these groups.

The study was conducted in strict compliance with the principles
of the Declaration of Helsinki. Approval was granted by the
Kayseri City Training and Research Hospital Clinical Research
Ethics Committee (Approval Number: 788, Date: 31.01.2023).

Statistical Analysis
Data from the study were analyzed using IBM Statistical
Package for the Social Sciences (SPSS) Statistics Standard
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Table 1. Comparison of Basic Clinical, Demographic Characteristics, and Laboratory Values

Group 1 Group 2 P

n =156 n=44
Age 58.68 + 8.59 59.16 + 10.02 0.753
Sex, M/F, n (%) 36 (81.8)/120 (76.9) 8(18.2)/36 (23.1) 0.489
BMI 29.47 £ 4.05 28.7 £3.57 0.266
HT, n (%) 64 (41) 12 (27.2) 0.097
DM, n (%) 52(33.3) 16 (36.3) 0.708
HL. n (%) 38 (24.3) 13 (29.5) 0.486
CAD, n (%) 40 (25.6) 6 (13.6) 0.095
Glucose (mg/dL) 143.44 + 69.32 151.68 + 76.45 0.351
GFR (mL/min/1.73 m?) 90.3 £ 13.67 86.05 £ 16.02 0.243
LDL (mg/dL) 122.19 £ 36.53 134.86 + 41.71 0.064
TG (mg/dL) 203.33 £ 97.49 222.8 £98.16 0.160
HDL (mg/dL) 41.74 £ 13.77 39.91 £ 10.58 0.548
White Blood Cell (/mL) 7,706.28 £2,111.41 7.774.09 £ 1,727.19 0.756
Hemoglobin (g/L) 1494 £ 1.54 15+ 1.44 0.907

Platelet (103/mL)

258.19 £ 70.51

268.14 +74.18 0.411

Group 1: Low SYNTAX score (< 22), Group 2: Medium-high SYNTAX score (= 23).
BMI, Body Mass Index; CAD, Coronary Artery Disease; DM, Diabetes Mellitus; F, Female; GFR, Glomerular Filtration Rate; HDL, High-Density Lipoprotein; HL,
Hyperlipidemia; HT, Hypertension; LDL, Low-Density Lipoprotein; M, Male; SYNTAX, SYNergy between PCl with TAXUS and Cardiac Surgery; TG, Triglyceride.

Table 2. Comparison of Coronary Angiographic Results

Table 3. Comparison of MET Values

Group 1 Group 2 P Group 1 Group 2 P

n =156 n=44 n =156 n=44
SYNTAX Score 9.62 + 6.07 34.06 £ 8.56 0.001 MET 9.36 £2.38 8.78 +2.43 0.086
CTO n (%) 22 (14.1) 29 (65.9) 0.001 MET < 10, n (%) 74 (47.4) 26 (59.1) 0.172
PCln (%) 95 (60.8) 10 (22.7) 0.001 MET = 10, n (%) 82 (52.6) 18 (40.9)
CABG n (%) 20 (12.8) 29 (65.9) 0.001 Group 1: Low SYNTAX score (< 22), Group 2: Medium-high SYNTAX score

Group 1: Low SYNTAX score (< 22), Group 2: Medium-high SYNTAX score
(=23).

CABG, Coronary Arterial Bypass Graft; CTO, Chronic Total Occlusion; PCl,
Percutaneous Coronary Intervention; SYNTAX, SYNergy between PCl with
TAXUS and Cardiac Surgery.

Concurrent User v26 software (IBM Corp., Armonk, NY, USA)
and MedCalc® Statistical Software version 19.6 (MedCalc
Software Ltd, Ostend, Belgium). Descriptive statistics
were presented as mean * standard deviation values or as
number (n) and percentage (%). Categorical variables were
compared using Pearson’s Chi-square analysis. Regarding the
preconditions of the parametric tests, variance homogeneity
was assessed using the Levene test. The conformity of the data
to normal distribution was examined with the Shapiro-Wilk
test. To evaluate the differences between the two groups, the
Student's t-test was used when parametric assumptions were
met, and the Mann-Whitney U test was applied otherwise. The
performance of the MET score in predicting the SYNTAX group
was analyzed using Receiver Operating Characteristic (ROC)
curve analysis. A p-value of < 0.05 was accepted as statistically
significant.
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(=23).
MET, Metabolic Equivalent; SYNTAX, SYNergy between PCl with TAXUS and
Cardiac Surgery.

Results

The demographic characteristics and laboratory values of the
patients are presented in Table 1. No significant differences were
observed between the groups regarding age, gender, body mass
index, and known chronic diseases. The laboratory values of both
groups were found to be similar.

The mean SYNTAX scores are presented in Table 2, along with
the patients for whom the decision was made for percutaneous
coronary intervention (PCl) or coronary arterial bypass graft
(CABG) following coronary angiography and the identification
of chronic total occlusion (CTO). As anticipated, a higher
percentage of patients with CTO and a decision for CABG was
observed in the group with a moderate-high SYNTAX score
(P = 0.001). The mean SYNTAX score was 9.62 = 6.07 in the
low SYNTAX score group and 34.06 + 8.56 in the moderate-
high group (P = 0.001). Statistically, PCl was more common in
the low SYNTAX score group than in the moderate-high group
(P = 0.001). Additionally, a significantly higher percentage of
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Table 4. Evaluation of the Performance of MET Score in Predicting SYNTAX Groups by ROC Curve Analysis

AUC P Cut-off Sensitivity Specificity
(95.0% CI) (95.0% CI) (95.0% CI)
MET 0.585 (0.513-0.654) 0.088 <76 43.2 (28.3-59.0) 76.2 (68.8-82.7)

AUC, Area Under the ROC Curve; MET, Metabolic Equivalent.
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Figure 1. ROC curves of MET in predicting SYNTAX Score.

patients in the low SYNTAX score group were chosen for medical
observation with no intervention (P = 0.001).

Correlations between the MET values and the SYNTAX groups are
depicted in Table 3. The mean MET values were similar in both
groups; 9.36 £ 2.38 in the low SYNTAX score group and 8.78
+ 2.43 in the moderate-high SYNTAX score group (P = 0.086).
No statistically significant difference was found between the two
groups when evaluating according to MET values of < 10 or >
10 (P =0.172). The performance of the MET score in predicting
SYNTAX groups is illustrated through ROC curve analysis in
Table 4 and Figure 1. The Area Under the Curve (AUC) was not
statistically significant (P = 0.088). The optimum cut-off value
for the MET was determined to be < 7.6, with a sensitivity of
43.2% and specificity of 76.2%.

Discussion

The most significant finding of this study was the lack of
correlation between the SYNTAX score, a marker of coronary
artery anatomic severity in CCS, and the MET value, a marker of
functional capacity.

The MET value, an important parameter detected in EET, is a
reliable indicator of cardiovascular prognosis. A 2020 study
found that higher MET values were a reliable indicator of lower
mortality across all exercise protocols.’ Additionally, Fitzgerald
et al. '* emphasized that a high exercise capacity (more than
13 METs) indicates a good prognosis, even in the presence of

ECG changes during exercise testing. Another important aspect
of MET is its cut-off value. In studies utilizing MET values, 10
METs have been emphasized as the threshold. Bourque et al."
observed that patients reaching a functional capacity of = 10
METs had a very low probability of ischemia, as determined by
myocardial perfusion scintigraphy in patients with = 10% of the
left ventricle affected. Furthermore, two separate studies have
demonstrated that a MET value of = 10 is a good prognostic
marker.” 4

The SYNTAX score, developed to anatomically evaluate the
extent and severity of CAD in patients, is used in decision-
making for both PCl and CABG and is a significant marker for
cardiovascular prognosis. In a 10-year follow-up study, the
SYNTAX score was shown to have predictive value for major
adverse cardiac or cerebrovascular events following left main
coronary intervention. According to the SYNTAX score, patients
are categorized into three groups: low (SYNTAX score < 22),
intermediate (SYNTAX score 23-32), and high risk (SYNTAX score
> 33). As the SYNTAX score increases, so does the severity of
coronary artery disease, and these risk groups become important
in deciding on CABG or PCl. Wang et al.’® found the SYNTAX
score to be valuable in predicting 1-year prognosis in coronary
heart disease patients undergoing PCl, with major adverse
cardiac events being 8.1% in the low-risk group, 11.7% in the
intermediate-risk group, and 14.5% in the high-risk group.
These findings collectively indicate that the SYNTAX score is an
effective prognostic marker.

To date, studies have yielded varied results regarding the
relationship between functional capacity and the severity of
coronary narrowing, and this relationship has not been clearly
established. A literature review revealed no studies showing a
direct relationship between the SYNTAX score and MET value.
However, one study did investigate the association between
the SYNTAX score and functional capacity, finding a correlation
between an increase in exercise capacity and a decrease in the
functional SYNTAX score in patients with revascularized stable
CAD post-PCL™ In that study, the change in exercise capacity
was defined as an increase of = 10% in exercise duration, and
the MET value was not utilized. Another study investigating
the relationship between coronary narrowing severity and MET
did not use the SYNTAX score. In that study, the diameter of
the coronary artery lumen was used to evaluate the severity of
coronary narrowing, and a decrease in MET value was found to
be a strong marker of restenosis.'®

Although previous studies have not directly correlated the
SYNTAX score with the MET value, a negative correlation has
been observed between functional capacity and the severity of
coronary artery narrowing. The aim of the current study was to
investigate the direct relationship between the SYNTAX score
and the MET value. The data obtained showed that although
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the MET value was higher in the low SYNTAX score group than in
the other group, the difference was not statistically significant.
Additionally, while the rate of patients with < 10 MET in the
moderate-high SYNTAX score group was higherthan in the other
group, this difference was not statistically significant. In the visual
and computerized evaluations of another previously published
study, no strong correlation was found between exercise duration
and lesion severity, expressed as a percentage.’ These findings
support the results of the current study.

The hypothesis suggesting a relationship between the MET value
and the SYNTAX score, whose prognostic importance has been
established in previous studies, could not be substantiated. Two
possible explanations are considered for this outcome.

Firstly, the potential inadequacy of the SYNTAX score in
accurately identifying high-risk patients and its limitations in
prognosis might have contributed to the absence of a correlation
with the MET value. While the SYNTAX score is an anatomical
marker of CAD severity, it does not reflect functional narrowing.
A study showed that risk stratification and prognostic assessment
were significantly enhanced with the Functional SYNTAX Score
based on Quantitative Flow Rate (FSSQFR), a combination of
anatomical and physiological assessment, compared to the
SYNTAX score alone. After calculating the FSSQFR, 16% of
patients were reclassified from the high-risk group to a lower-
risk group, according to the SYNTAX score. Consequently, the
decision for the type of revascularization changed in some
cases. For instance, 6% of patients initially recommended for
coronary artery bypass grafting based on the SYNTAX score
alone were shifted to PCl following FSSQFR calculation.?

The second explanation is that factors other than coronary
anatomy could influence the determination of the MET value.
A low MET value might not be solely explained by coronary
anatomy. A previous study highlighted that functional capacity
of the patient could be affected by various factors, including the
patient’'s compliance with exercise test equipment, the selection
of an appropriate exercise protocol, the patient's educational
level, and environmental factors during the test.?' Therefore, a
low MET value may not necessarily indicate a higher SYNTAX
score.

Consequently, the lack of a relationship between the MET value
and the SYNTAX score, both recognized as strong prognostic
markers, may be attributed to the limited prognostic value of
the SYNTAX score alone or inaccurate determination of the MET
value due to factors unrelated to coronary disease.

Limitations

This study had some limitations, the most notable being its
retrospective nature and that it was conducted at a single center.
Another limitation was the non-utilization of the SYNTAX I score.
The SYNTAX Il score is a scoring system that incorporates clinical
conditions such as ejection fraction and creatinine clearance into
the original SYNTAX score. A previous study demonstrated that
the SYNTAX Il score offers better predictive capability than the
SYNTAX score alone for major adverse cardiovascular events,
death, and cardiac death.?? The retrospective design of our
study restricted access to some clinical data, thereby precluding
the use of the SYNTAX Il score. To more definitively establish
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the relationship between MET and the SYNTAX score, there is
a need for further multicenter, prospective studies with larger
populations that include clinical risk factors.

Conclusion

The primary outcome of this study was the determination that
there is no correlation between the SYNTAX score and the MET
value in patients with CCS.
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