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Aim & methods: This 6-month prospective, observational, noninterventional, open-label clinical study
assessed the effectiveness/safety of trimetazidine in 737 patients with stable angina pectoris and Type
2 diabetes mellitus (OGYI/51534–1/2014). Results: Trimetazidine-based therapy was effective in stable
coronary artery disease, with significant improvements from baseline (p < 0.05) in: number of angina
attacks/week (2.9 ± 2.4 vs 1.1 ± 1.6), angina severity (Canadian Cardiovascular Society Classification
1.9 ± 0.8 vs 1.2 ± 0.8), exercise capacity (metabolic equivalents 6.1 ± 1.7 vs 6.5 ± 1.7), and exercise-induced
myocardial ischemia (min 5.5 ± 2.5 vs 6.5 ± 2.6). Discussion: Trimetazidine treatment significantly (p < 0.05)
improved glucose metabolism, lowered HbA1c (7.1 ± 1.1% vs 6.6 ± 1.0%), glucose levels (7.7 ± 2.1 mmol/l
vs 6.9 ± 1.6 mmol/l) and decreased arterial stiffness (pulse wave velocity 11.2 ± 2.1 m/s vs 10.4 ± 2.2 m/s).
In most patients, the tolerability of trimetazidine was rated as excellent to good, with a low incidence of
adverse events.
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According to WHO statistics, cardiovascular diseases are the leading cause of mortality worldwide, and this is not
expected to change in the near future [1]. In addition to their impact on mortality statistics, angina attacks occurring
in patients with stable coronary artery disease (SCAD) also interfere with the patients’ daily activity and eventually
lead to an impaired quality of life (QoL). Patients with stable angina pectoris undergo life changes, and the pain,
or merely the fear of pain, may render the patient physically inactive. In view of these factors, state-of-the-art
therapy aims to slow down disease progression and alleviate symptoms. The 2013 European Society of Cardiology
(ESC) guidelines on the management of SCAD propose the use of β-blockers, calcium-channel blockers, and
short-acting nitrates as first-line treatments, combined with prophylactic medicinal products (e.g., aspirin, statins,
ACE inhibitors) to alleviate the symptoms. If symptoms persist, long-acting nitrates, ivabradine, nicorandil and
nonhemodynamic antianginal agents (ranolazine and trimetazidine-based therapy) are recommended [2].

Conservative estimates suggest that the global prevalence of diabetes mellitus is 8.5% in the adult population [3].
The most important complications of this disease include diabetic micro- and macro-angiopathy, and secondary
ischemic heart disease. Based on these data, it is not surprising that cardiovascular diseases are the leading cause of
death in diabetic patients. Epidemiology studies (DECODE, UKPDS) have demonstrated, that the coexistence of
Type 2 diabetes mellitus (T2DM) and ischemic heart disease causes a twofold increase in mortality risk compared
with nondiabetic patients with coronary disease [4,5].

Metabolic modulator properties of trimetazidine suggest that it may be useful for patients with T2DM, where
energy production is shifted excessively toward the oxidation of fatty acids in ischemic myocardial cells [6–8]. The
anti-ischemic effect of trimetazidine is well known and differs substantially from that of other hemodynamically
acting agents [9]. Trimetazidine inhibits the oxidation of fatty acids by selectively blocking 3-ketoacyl-CoA thiolase,
the enzyme involved in the β-oxidation of fatty acids in myocardial cells, and enhances glucose oxidation. Glucose
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oxidation requires less oxygen consumption in ischemic myocardial cells. Trimetazidine optimizes the energy
utilization of myocardial cells, and maintains a proper energy supply during ischemia [9]. Other possible effects have
also been proposed to explain trimetazidine’s antianginal mechanism, including decreased production of superoxide
free radicals; reduced neutrophil-mediated cardiac reperfusion injury; a direct effect on cardiac fast inward Na+
current; decreased cardiac levels of malondialdehyde (a biomarker for oxidative stress), leading to an improvement
in endothelial function [10–16].

Several clinical studies have demonstrated the efficacy and safety of trimetazidine in patients with stable angina [17–

19]. A meta-analysis of clinical studies conducted in recent years has shown that, of the measurable parameters,
treatment with trimetazidine results in a significant improvement in systolic left ventricular function in patients
with chronic heart failure, while reducing subjective clinical symptoms [20,21]. The DIETRIC study showed that, in
patients with SCAD and coexisting T2DM, the addition of trimetazidine to standard prophylactic and symptomatic
therapy significantly reduced the number of angina episodes and the use of short-acting nitrates, and increased the
time to the onset of ischemia in the exercise tolerance test [22]. Until recently, however only two small studies have
investigated the effect of trimetazidine on glucose metabolism in patients with T2DM and ischemic heart disease.
Fragasso et al. found that glycated hemoglobin levels remained stable with trimetazidine, while they increased
significantly with placebo at 6 months of treatment. In a similar, short-term (15 days) crossover study by the same
group, trimetazidine decreased basal glucose and HOMA-IR levels [23,24].

Considering these results, recent ESC guidelines suggest that favorable data in patients with concomitant T2DM
and SCAD are available for two nonhemodynamic antianginal agents: ranolazine and trimetazidine [2]. Beside the
favorable effects of ranolazine on HbA1c levels in patients with T2DM, only scarce data and low patient sample sizes
are currently available on the metabolic effects of trimetazidine in this cohort of patients. Also, it remains unclear
how trimetazidine therapy affects inflammatory laboratory parameters; it is also unclear whether trimetazidine
can delay the progression of T2DM and how it influences the development of diabetic cardiomyopathy when no
documented heart failure exists.

The current large-scale study evaluated the effectiveness and safety of trimetazidine 35 mg administered twice
daily in patients experiencing stable angina pectoris while receiving optimal medication. Our study is a 6-month,
prospective, observational, noninterventional, open-label clinical study (OGYI/51534–1/2014), with the primary
aim of determining the effectiveness of trimetazidine treatment in patients with SCAD and T2DM. Secondary
objectives included an assessment of the safety and tolerability of trimetazidine therapy. In our assessment, we
evaluated adverse events occurring after the initiation of therapy, their frequency, severity and the proportion of
adverse events requiring treatment discontinuation.

Patients & methods
Patient selection
A total of 737 patients with angina pectoris and T2DM were included in the study at 76 sites in Hungary, with
an investigator team of internists and cardiologists. Eligibility criteria for inclusion were: age >18 years; T2DM;
stable angina pectoris, diagnosed by the clinician based on 2013 ESC guidelines [2], where the investigator decided
to initiate treatment with trimetazidine 35 mg tablets (Moduxin R© MR, Gedeon Richter, Budapest, Hungary) twice
daily in addition to optimal medication; the patient was required to read and sign the patient information and
consent form in advance.

Study exclusion criteria were: contraindications included in the trimetazidine (35 mg) Summary of Product
Characteristics; heart failure (New York Heart Association stages III or IV); unstable angina pectoris; Parkinson’s
disease, extrapyramidal symptoms; severe renal impairment (creatinine clearance < 30 ml/min).

Study design, end points
This was a prospective, observational, noninterventional study. All patients included in the study were followed up
for 6 months (three visits in total: baseline status, month 3 and month 6). The study end points were:

� Weekly frequency and severity (Canadian Cardiovascular Society Classification [CCSC]) of angina complaints
and the amount of short-acting nitrate products used.

� Systolic left ventricular function and estimated left atrial filling pressure.
� Functional status on exercise tolerance test, time to onset of a 1-mm ST-depression, time to onset of angina.
� Changes in arterial stiffness parameters (pulse wave velocity [PWV], augmentation index [AIX]).
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� Changes in HbA1c values.
� Clinician’s global impression of change (CGIC).
� Documentation of adverse events and other safety parameters.

Study parameters
Pulse rate and blood pressure measurements were performed in accordance with professional guidelines after a
5-min rest period on two consecutive occasions, in the sitting position. Functional stage of angina was determined
using the CCSC scale from I to IV [25]. The weekly frequency of short-acting nitrate use was recorded.

The following laboratory tests were performed, in accordance with applicable protocols, at visit one (patient
enrollment) and visit three (month 6): blood glucose, HbA1c, serum urea, serum creatinine, GFR, SGOT, SGPT,
CK, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,
triglyceride, serum sodium, serum potassium, CRP, uric acid.

Echocardiography was used to determine global left ventricular systolic function ejection fraction (EF) and
estimated left atrial filling pressure (E/Ea). Results of arterial stiffness (PWV and AIX) were recorded with an
oscillometric, occlusive device (Arteriograph, TensioMed, Budapest, Hungary). An exercise tolerance test was used
to assess functional status (metabolic equivalents; METs) and time to onset of angina or a 1-mm ST-depression.
Each patient’s clinical status at visits two and three was compared with that observed at the baseline visit; the change
in medical condition was assessed by the clinician using the CGIC (on a scale from 0 to 7).

Medication used during the observational period
After inclusion in the study, patients received trimetazidine (Moduxin MR) 35 mg twice daily in addition to optimal
antianginal medication. Patients with moderate renal impairment (creatinine clearance: 30–60 ml/min), received
trimetazidine 35 mg once daily. After the final visit, patients continued to receive medication in accordance with
professional guidelines.

Data recording
Patient data were recorded in accordance with the study protocol, on web-based electronic case report forms. The
structure of the case report forms was created in accordance with applicable data protection and data management
requirements, and the form of patient identification met the requirements on protection of privacy rights.

Statistical analysis
Collected data were processed in accordance with EU-GCP/ICH standards. In addition to standard analyses
(mean, SD, median, t-test), statistical analysis of all clinical and laboratory data was performed using correlation
calculations and variance analysis. Changes between the baseline and final visits are described using 95% CIs. In
our statistical analyses, we considered a probability level of p < 0.05 as statistically significant.

Results
A total of 737 patients were included in the study. Patient demographic data are shown in Table 1. A total of 60%
of patients (442 patients) had a history of cardiovascular or cerebrovascular events (acute myocardial infarction,
percutaneous coronary intervention [PCI], coronary artery bypass graft, stroke, transient ischemic attack). In
addition to stable angina pectoris, patients had the following comorbidities: hyperlipidemia (88%), hypertension
(76%) and peripheral vascular disease (35%). The proportions of patients who received previous prophylactic or
supportive therapies are presented in Table 1.

Effect of trimetazidine treatment on blood pressure & pulse rate
During 6 months of treatment with trimetazidine, clinically minor, but statistically significant reductions in systolic
and diastolic blood pressure, and pulse rate were demonstrated compared with baseline values (p < 0.05; Table 2).
All of these changes demonstrate a feature of observational studies that allows therapy adjustments during the study
period, rather than the metabolic effect of trimetazidine treatment. Results indicating changes in hemodynamic
parameters were obtained from data of patients who underwent adjustments of anti-ischemic treatment with a
mainly hemodynamic effect (long-acting nitrates, β-blockers, calcium-channel blockers) or any other (antidiabetic,
lipid-lowering or blood pressure lowering) therapy adjustments; therefore, data from such patients were excluded
from the scientific evaluation. After closing the study, we processed data from 663 patients. In the analysis performed
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Table 1. Descriptive parameters of patients included in the study.
Variable Patients n = 737

Age (years), mean ± SD 69.4 ± 10.2

Male/female, n 358/379

Body weight (kg), mean ± SD 88.0 ± 18.3

Body height (cm), mean ± SD 167.3 ± 12.8

BMI (kg/m2), mean ± SD 31.6 ± 4.3

Active smoking (%) 15

Quit smoking (%) 36

Hypertension (%) 76

Dyslipidemia (%) 88

Cardiovascular or cerebrovascular events (%) 60

Peripheral vascular disease (%) 35

ACE inhibitor/ARB (%) 85

�-blocker (%) 86

Calcium antagonist (%) 42

Diuretic (%) 25

Statin (%) 83

Aspirin, clopidogrel (%) 86

ARB: Angiotensin receptor blocker; SD: Standard deviation.

Table 2. Changes (mean ± standard deviation) in systolic and diastolic blood pressure, and pulse rate, during treatment
with trimetazidine for 6 months.
Variable Baseline visit Month-3 visit Month-6 visit p-value

Systolic blood pressure (mmHg)
n = 737

136.1 ± 19.2 131.5 ± 12.4 131.2 ± 10.6 �0.05

Diastolic blood pressure
(mmHg) n = 737

86.4 ± 7.4 78.4 ± 8.5 78.1 ± 7.9 �0.05

Pulse (1/min) n = 737 74.6 ± 10.0 72.5 ± 8.6 71.8 ± 8.0 �0.05

Systolic blood pressure (mmHg)
n = 663

136.0 ± 18.8 135.3 ± 11.8 135.6 ± 11.6 0.20

Diastolic blood pressure
(mmHg) n = 663

86.2 ± 10.6 85.9 ± 9.7 85.8 ± 9.8 0.33

Pulse (1/min) n = 663 74.5 ± 10.1 74.3 ± 8.7 74.2 ± 8.9 0.41

on the basis of the above criteria, 6 months of trimetazidine treatment was not found to result in any significant
change in hemodynamic parameters (systolic and diastolic blood pressure and pulse rate; see Table 2).

Effect of trimetazidine treatment on angina complaints & short-acting nitrate consumption
During trimetazidine treatment, the weekly frequency of angina symptoms showed significant reductions at visit two
(month 3) compared with baseline, and there was a tendency toward further reductions during 6 months of treatment
(p < 0.05). The severity of angina complaints, mean CCSC score, and short-acting nitrate consumption, all showed
a clinically meaningful, significant improvement during the 6-month course of treatment with trimetazidine
(p < 0.05; Table 3).

Effect of trimetazidine treatment on parameters of exercise tolerance test, echocardiography &
arterial stiffness
Functional status METs and the time to onset of angina or a 1-mm ST-depression were assessed using an exercise
tolerance test. The 6-month course of treatment with trimetazidine resulted in a clinically effective, significant
improvement in all three parameters (p < 0.05; Table 3).

No significant change was observed in global left ventricular systolic function EF and estimated left atrial filling
pressure (E/Ea) during the 6-month period of therapy (p = 0.22 and p = 0.57, respectively; Table 3). Parameters
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Table 3. Changes (mean ± standard deviation) in study parameters during treatment with trimetazidine for 6 months.
Variable Baseline visit Month-3 visit Month-6 visit p-value

Number of angina complaints
per week

2.9 ± 2.4 1.6 ± 1.8 1.1 ± 1.6 �0.05

CCSC 1.9 ± 0.8 1.4 ± 0.7 1.2 ± 0.8 �0.05

Number of nitrate doses used
per week

1.8 ± 1.9 1.0 ± 1.1 0.6 ± 1.2 �0.05

Echocardiography EF (%) 55.9 ± 10.8 – 57.0 ± 9.8 0.22

Echocardiography E/Ea 9.0 ± 3.4 – 8.8 ± 3.0 0.57

Functional status (METs) 6.1 ± 1.7 – 6.5 ± 1.7 �0.05

Time to onset of ST-depression
(min)

5.5 ± 2.5 – 6.5 ± 2.6 �0.05

Time to onset of angina
complaints (min)

5.8 ± 2.3 – 6.4 ± 2.1 �0.05

Arterial stiffness PWV (m/s) 11.2 ± 2.1 – 10.4 ± 2.2 �0.05

Arterial stiffness AIX (%) 41.9 ± 9.6 – 41.0 ± 10.9 0.28

AIX: Augmentation index; CCSC: Canadian Cardiovascular Society Classification; E/Ea: Estimated left atrial filling pressure; EF: Ejection fraction; MET: Metabolic equivalent; PWV: Pulse
wave velocity.

Table 4. Changes (mean ± standard deviation) in laboratory parameters during treatment with trimetazidine for
6 months.
Laboratory parameters Baseline visit Month-6 visit p-value

Blood glucose (mmol/l) 7.73 ± 2.10 6.87 ± 1.56 �0.05

HbA1c (%) 7.13 ± 1.10 6.64 ± 0.96 �0.05

Total cholesterol (mmol/l) 4.93 ± 1.21 4.71 ± 1.02 �0.05

LDL cholesterol (mmol/l) 2.80 ± 0.94 2.58 ± 0.78 �0.05

HDL cholesterol (mmol/l) 1.24 ± 0.41 1.26 ± 0.40 0.76

Triglyceride (mmol/l) 2.11 ± 0.98 1.97 ± 0.70 �0.05

SGOT (U/l) 30.13 ± 14.23 30.11 ± 10.73 0.56

SGPT (U/l) 29.54 ± 13.60 30.17 ± 11.21 0.11

Urea (mmol/l) 7.50 ± 2.35 7.45 ± 2.07 0.29

Creatinine (mmol/l) 93.86 ± 29.17 90.65 ± 22.96 �0.05

Sodium (mmol/l) 140.02 ± 3.63 140.46 ± 3.35 0.55

Potassium (mmol/l) 4.36 ± 0.41 4.37 ± 0.39 0.66

CRP (mg/l) 7.42 ± 5.58 5.10 ± 5.01 �0.05

Uric acid (μmol/l) 343.79 ± 80.02 324.82 ± 69.77 �0.05

of arterial stiffness were also determined in a subgroup of 122 patients; PWV showed significant improvement,
whereas the AIX remained unchanged (p < 0.05 and p = 0.28, respectively; Table 3).

Changes in laboratory parameters during trimetazidine treatment
During 6 months of treatment with trimetazidine, a significant and clinically meaningful 31% reduction in CRP,
11% in blood glucose, 7% in HbA1c levels, and a clinically minimal but statistically significant decrease in total
cholesterol, LDL cholesterol, triglyceride, uric acid, and creatinine (p < 0.05) were shown; no significant change
was observed in HDL cholesterol, SGPT, SGOT, urea nitrogen, potassium, and sodium levels (Table 4).

Effect of trimetazidine treatment on the extent of CGIC & tolerability
Trimetazidine therapy resulted in substantial (39.8%), moderate (30.2%) or mild (19.2%) improvement in CGIC
questionnaire scores; a small proportion of patients had an unchanged status (8.5%) or minimal impairment
(2.3%).
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Adverse events
Out of 737 patients included in the study, 1.1% (8 patients) experienced treatment-related adverse events during
6 months of therapy. We recorded five cases of hospitalization: two cases of acute myocardial infarction treated
with PCI, two cases of elective coronary angiography and PCI, and one case of atrial fibrillation. No deaths were
reported in the study period. Trimetazidine therapy was discontinued in a total of three cases (hand tremor in two
cases and gait disturbance in one case).

Discussion
In our clinical study we assessed the effectiveness and safety of trimetazidine in patients with SCAD and T2DM.
In addition to the large number of patients, the strength of our study comes from the fact that the effectiveness of
trimetazidine as a symptomatic anti-ischemic therapy was evaluated not only by assessing subjective parameters, but
also via extended use of objective, noninvasive cardiology testing methods. According to our results, trimetazidine-
based therapy proved to be effective in the vast majority of patients. The weekly frequency and severity of angina
symptoms and the amount of short-acting nitrate consumption showed significant regression in terms of clinical
symptoms; additionally, patients experienced improvements in QoL.

In addition to assessing subjective parameters, we used a noninvasive exercise tolerance test to demonstrate both
a significant improvement in the functional status and an extension of the time to onset of provoked ischemia.
Our results support the findings of previous clinical studies [17–19]. On echocardiography, no significant changes
occurred in either systolic left ventricular function or estimated left atrial filling pressure during the 6-month
course of treatment. In contrast to our results, previous clinical studies and meta-analyses demonstrated substantial
improvement in EF [20,21]. However, these findings were obtained in a patient population with heart failure and a
low baseline EF. Patients included in our study had good baseline systolic left ventricular function and estimated
left atrial filling pressure, which explains the apparent contradiction with data in the literature. It is important to
highlight that, according to our echocardiography results, no progression suggestive of diabetic cardiomyopathy
was detected during 6 months of treatment with trimetazidine.

Until recently, only two small clinical studies and thus scarce data, have been available on the metabolic effects
of trimetazidine in patients with concomitant T2DM and SCAD [23,24]. In patients with T2DM, insulin resistance
also affects the myocardium. Reduced glucose uptake caused by insulin resistance results in a shift in energy
production processes toward β-oxidation of free fatty acids, which is energetically less effective than glycolysis and
results in absolute and relative ATP deficiency during ischemia. By selectively blocking the 3-ketoacyl-CoA thiolase
enzyme, trimetazidine switches the energy substrate preference from fatty acid oxidation to glucose oxidation [9].
All these pathophysiological mechanisms lead to the improved glycemic status documented during trimetazidine
therapy [23,24]. Based on available published literature, our study is the first large-scale clinical trial to investigate
the long-term effects of trimetazidine on blood glucose and HbA1c levels in patients with SCAD and T2DM.
In our study, significant positive changes were demonstrated in terms of blood glucose and HbA1c levels in
patients with T2DM; moreover, this tendency to improvement was sustained during the 6-month course of
trimetazidine treatment. In the long term, improving glycemic status may also have a beneficial effect on the
occurrence of cardiovascular events. Cardiovascular and overall mortality have been evaluated in two meta-analyses,
which currently show contradictory results [20,21]. In order to clarify this issue, large-scale, multicenter, placebo-
controlled clinical studies are needed to evaluate the long-term effects of trimetazidine on mortality and major
adverse cardiovascular events.

Arterial stiffness parameters, as predictors of vascular target organ damage, were also determined in a subgroup
of patients (n = 122) in our study. In addition to increasing the effectiveness of energy production, the metabolic
modulator properties of trimetazidine also stabilize intracellular phosphocreatine stores, decrease cellular acidosis
and intracellular free calcium levels and protect against damage caused by free radicals. Based on fundamental
research, all these pathophysiological mechanisms lead to an improvement in endothelial function [10–16]. Small-
scale, placebo-controlled clinical studies with short-term observation periods yielded inconsistent results in terms of
the effect of trimetazidine on endothelial dysfunction. A clinical study in patients with heart failure demonstrated
a beneficial effect of trimetazidine on the progression of endothelial dysfunction, as measured by flow-mediated
vasodilation [26]. Another study found that the regression of angina symptoms in patients with peripheral arterial
disease was not accompanied by a positive change in endothelial dysfunction [27]. Our study is the first clinical trial to
investigate the long-term effects of trimetazidine on parameters of arterial stiffness, in other words, PWV and AIX.
PWV showed significant improvement during 6 months of trimetazidine treatment. AIX data showed no significant
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change during the observation period. Previous studies revealed a significant impairment of arterial stiffness in
patients with T2DM, measured as increased PWV, which reflects premature arterial damage. However, the clinical
significance of AIX as a useful vascular stiffness marker in T2DM was not supported in these study designs [28–30].
Westerbacka et al. pointed out that insulin infusion significantly decreases the AIX, and thus hyperinsulinemia
in T2DM consequently leads to unchanged AIX results [29–31]. Based on all of these data, contradictory results
reported in the trimetazidine studies could be explained by the different durations of trimetazidine treatment (in
this respect, our study is outstanding with its long observation period of 6 months), and the different characteristics
of arterial stiffness parameters.

During the 6-month course of treatment with trimetazidine in our study, a significant decrease in CRP levels
was observed, showing good correlation with findings from previous studies [32]. According to the meta-analysis of
Zhou & Chen, the extent of decrease in CRP levels was dependent on variations in patient characteristics: a higher
baseline CRP level was associated with a more pronounced CRP reduction [32]. This finding is also supported by
the result of our subgroup analysis: patients with coexisting T2DM and peripheral arterial vascular disease had
the most benefit from reduced CRP levels, which occurred at a significantly elevated baseline level. It should be
noted that, in our study, of the laboratory parameters known to be independent risk factors, uric acid, triglyceride
and total cholesterol levels showed a clinically moderate but statistically significant decrease during trimetazidine
treatment. However, this effect is presumably not exclusively attributable to the metabolic modulator features of
trimetazidine. During treatment, patients with stable angina pectoris undergo life changes involving an increase in
physical activity owing to pain relief and an improved QoL. All these factors lead to a moderate (3.5%) reduction
in body weight and secondary improvement in metabolic status, which was also demonstrated in our study, and
further improves cooperation between the physician and patient, which in turn may also be reflected in improved
medication adherence.

Treatment tolerability was considered to be ‘excellent’ or ‘good’ in the vast majority of patients, QoL showed
significant improvements, and minimal overall impairment was only observed in 2.4% of patients. Treatment-
related adverse cardiovascular events were observed in 1.0% of patients, representing a lower proportion compared
with statistical data published in the ESC guidelines [2]. The frequency of adverse events affecting the nervous
system (hand tremor, gait disturbances) was 0.26%, reflecting a very low incidence consistent with data reported
in the literature, and proved to be reversible upon discontinuation of the medicinal product [33]. Also, it needs to
be pointed out that patients with severe diabetic nephropathy or neurological symptoms (Parkinson’s disease or
motion disorders) were excluded from the study.

In summary, according to ESC guidelines and recently published expert documents, the medical treatment of
stable angina has to be individualized taking into account comorbidities and risk factors [2,34,35]. In patients with
SCAD and T2DM, the optimal antianginal agent should not only relieve anginal symptoms but also improve
the glucose profile. Also, the choice of antianginal agents must suit the patient’s hemodynamic status (optimal
heart rate and blood pressure). In patients with systolic BP levels less than 120 mmHg, drugs with limited impact
on BP are preferred. Also, in patients with a HR <60 bpm, drugs with no impact on HR are optimal. In these
cohorts of patients, the nonhemodynamic antianginal agents, ranolazine at first- and second-line, and trimetazidine
at third-line therapy, are recommended. Currently, trimetazidine may be viewed as a detrimental choice due to
limited data for favorable metabolic effects in T2DM patients. However, based on the results of our clinical study
and data reported in the published literature discussed above, we conclude that, in diabetic individuals, 6 months
of trimetazidine-based therapy improved glucose metabolism, significantly lowered HbA1c and glucose levels, and
it could be used effectively and safely in patients with SCAD and T2DM.

Limitations
This observational, multicenter study has several limitations consistent with the noninterventional design. No
control group was used in this study; therefore, we cannot compare the effect and complications that occurred
with trimetazidine with the effect of placebo treatment. However, our results reflect the situation in routine clinical
practice, and the large patient size was adequate to provide representative results for evaluating trimetazidine efficacy
and safety. Large-scale, long-term, placebo-controlled clinical trials (such as the ongoing ATPCI trial), assessing
clinically relevant important outcomes, are required to refine the role of trimetazidine in clinical management.
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Summary points

� Cardiovascular diseases are the leading cause of mortality worldwide and the main cause of death in individuals
with diabetes.

� Anti-ischemic antianginal agents such as trimetazidine may be useful in patients with stable coronary artery
disease (SCAD) and Type 2 diabetes mellitus (T2DM).

� In this 6-month, prospective, observational, noninterventional, open-label clinical study, we assessed the
effectiveness and safety of trimetazidine in 737 patients with stable angina pectoris and T2DM.

� Trimetazidine-based therapy for 6 months was effective in SCAD, with significant improvements from baseline
(p < 0.05) in: number of angina attacks/week (2.9 ± 2.4 vs 1.1 ± 1.6), angina severity (1.9 ± 0.8 vs 1.2 ± 0.8
[CCSC]), exercise capacity (6.1 ± 1.7 vs 6.5 ± 1.7 metabolic equivalents), and exercise-induced myocardial ischemia
(5.5 ± 2.5 vs 6.5 ± 2.6 min).

� Trimetazidine-based therapy significantly (p < 0.05) improved baseline glucose metabolism, lowered HbA1c (7.1
± 1.1% vs 6.6 ± 1.0%), glucose levels (7.7 ± 2.1 mmol/l vs 6.9 ± 1.6 mmol/l) and decreased arterial stiffness (PWV
11.2 ± 2.1 m/s vs 10.4 ± 2.2 m/s).

� The tolerability of trimetazidine was rated as excellent or good in the majority of patients, and the incidence of
adverse events was low.
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