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Abstract
Background Previous studies have shown that Trimetazidine (TMZ) improves vascular endothelial function and reduces the 
inflammatory process progression. However, limited data have been available regarding its effects on myocardial fibrosis 
following ischemia and causing left ventricular dysfunction.
Purpose To investigate the impact of TMZ adjuvant therapy for ischemic cardiomyopathy (ICM) on cardiac fibrosis, vascular 
endothelial function, inflammation, and myocardial functions.
Methods This randomized, double-blind controlled clinical trial included 48 patients (aged 59.4 ± 9 years) with ICM who 
were randomly assigned to two groups: TMZ 35 mg twice daily and placebo in addition to conventional ICM medications. 
All patients received the tablets for 3 months. Both groups were then compared in terms of connective tissue growth factor 
(CTGF), endothelin-1 (ET-1), tumor necrosis factor-alpha (TNF-α), and some echocardiographic indices, weekly angina 
attacks and nitrate consumption before and after treatment.
Results No significant differences between CTGF, ET-1, and TNF-α levels, in addition to some echocardiographic indices, 
were observed between both groups before treatment. After treatment, the TMZ group had significantly lower ET-1 than the 
placebo group, with both groups exhibiting a substantial decrease in TNF-α and CTGF. The TMZ group had lower mean 
± SD levels for TNF-α and CTGF and showed significant improvement in echocardiographic indices and weekly angina 
attacks after treatment.
Conclusion Adjunctive TMZ therapy for ICM effectively improved vascular endothelial function and reduced inflammation. 
Furthermore, our exploratory findings may be used to provide new information on the potential effects of TMZ on myocardial 
fibrosis by downregulating CTGF.
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Introduction

Coronary artery disease (CAD) is one of the most common 
cardiovascular disorders affecting people worldwide. In 
both developed and developing countries, this disease has 
been proven to be the leading cause of death [1]. Ischemic 

cardiomyopathy (ICM), a term that refers to heart muscle 
weakness resulting from ischemia or heart attack, which 
leads to decreased ability of the heart to pump blood [2], 
has been considered the most severe complication of coro-
nary heart disease [3]. ICM can be characterized as a left 
ventricular (LV) function deficiency caused by CAD, which 
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results in increased mortality rates and poor quality of life. 
LV dysfunction in ICM patients may be caused by necrosis 
or myocardial fibrosis [4]. The most common non-modi-
fiable risk factors for ICM include old age, male sex, and 
family history. On the other hand, hypertension, diabetes, 
hyperlipidemia, obesity, smoking, and sedentary lifestyle 
are the most important modifiable risk factors for ICM [2]. 
While receiving conventional medication, a large number 
of ICM patients tend to experience symptoms. Therefore, 
there is a need to include other ICM drugs with different 
mechanisms of action [4].

Reports have shown that Trimetazidine (TMZ), a dihy-
drochloride of 2,3,4-trimethoxybenzyl-piperazine, exerts 
anti-ischemic properties without any effect on myocardial 
oxygen intake or blood supply [5]. Some trials have demon-
strated that TMZ is beneficial for patients who suffer from 
heart failure [5]. TMZ is a cardioprotective agent given 
that it alters energy substrate metabolism. By inhibiting 
the 3-ketoacyl-coenzyme A thiolase enzyme, TMZ reduces 
long-chain fatty acid oxidation. This reduction in fatty acid 
oxidation contributes to a decrease in oxygen intake, which 
is very beneficial in ischemic conditions, and increases the 
activity of the pyruvate dehydrogenase enzyme, which con-
tributes to increased glucose oxidation. The homeostasis 
between glycolysis and glucose oxidation improved follow-
ing changes in the energy substrate, leading to a reduction 
in proton and Na+ accumulation. The net result is the more 
efficient generation of adenosine triphosphate (ATP) in a 
low-oxygen environment [6, 7]. TMZ is believed to directly 
suppress cardiac fibrosis. In fact, evidence has shown that 
TMZ decreases collagen aggregation, connective tissue 
growth factor (CTGF) expression in cardiac fibroblasts, 
nicotinamide adenine dinucleotide phosphate-oxidase lev-
els, and production of reactive oxygen species, with the 
positive impact of this drug on the treatment of congestive 
heart failure having been attributed to the mentioned mecha-
nisms [6, 8]. Owing to decreased serum endothelin-1 (ET-
1) levels, TMZ enhances myocardial endothelial function, 
thereby alleviating myocardial damage and chronic myo-
cardial ischemia [9]. TMZ reduces the level of oxidative 
stress markers, including malondialdehyde (MDA), the end 
product of lipid peroxidation, by reducing membrane injury 
triggered by reactive oxygen species [10]. TMZ reduces the 
release of proinflammatory mediators from macrophages 
induced by reactive oxygen species, including C-reactive 
protein (CRP), tumor necrosis factor-alpha (TNF-α), inter-
leukin 1 (IL-1), and interleukin 8 (IL-8) during both inflam-
mation and ischemia [10].

CTGF is a member of the CCN family of multifunc-
tional matricellular proteins that contribute to the initia-
tion of fibrosis in a variety of organs and tissues, including 
the heart. CTGF is also a key mediator of the profibrotic 
cytokine transforming growth factor- (TGF-) signaling 

pathway. Several molecules, such as TGF-, Smads, CTGF, 
corin, mesenchymal cell products, and inflammatory 
agents, influence the fibrosis process and collagen metabo-
lism. CTGF stimulates the proliferation of fibroblast and 
increases the content of the extracellular matrix. CTGF is 
a “bystander” marker that has the potential to indirectly 
influence the fibrosis process [11]. However, only a few 
studies have assessed CTGF, all of which have been in ani-
mals [12, 13]. Hence, no clinical trial has yet investigated 
CTGF inhibition for the treatment of heart diseases [14].

Previous studies have documented the benefits of TMZ 
in ICM in terms of vascular endothelial function, inflam-
matory process, and myocardial functions. Thus, the cur-
rent research aimed to investigate whether TMZ, as an 
adjuvant drug to conventional ICM therapies, affects car-
diac fibrosis assessed using CTGF expression and deter-
mine the clinical benefits of adding TMZ on vascular 
endothelial function, inflammatory process, and myocar-
dial function. The current study has been the first to evalu-
ate CTGF in clinical settings. The assessment of CTGF 
as an initiator biomarker of cardiac fibrosis [11] will be 
beneficial for NYHA II patients who are at the early stage 
of disease progression.

Methods

Patients

This randomized, double-blind, controlled clinical trial 
was conducted on 48 patients with ICM aged between 
34 and 80 years recruited from the Cardiology Clinic at 
Damanhour National Medical Institute from March 2019 
to February 2020. All patients agreed to participate in 
this clinical study and provided informed consent. The 
study was approved by the Research Ethics Commit-
tee of the Faculty of Pharmacy, Damanhour University 
(No: 1218PP9), and the Ethics Committee of Damanhour 
National Medical Institute in accordance with the Declara-
tion of Helsinki and its amendments.

Inclusion Criteria

Patients were included when they satisfied the following 
inclusion criteria: (1) should have adequate hematological 
functions and normal complete blood counts and coagula-
tion profile (PT, activity, aPTT, and INR); (2) should have 
normal liver, kidney, and thyroid functions; (3) should have 
a history of CAD; (4) LV ejection fraction (LVEF) ≤40%; 
(5) cardiac function characterized as NYHA grade II; and 
(6) age between 34 and 80 years.
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Exclusion Criteria

Patients who satisfied the following inclusion criteria were 
excluded: (1) serious disorders of the liver, such as hepati-
tis, hemochromatosis, and Wilson disease; (2) chronic kid-
ney disease or acute kidney injury (AKI); (3) serious brain 
disorders, such as previous stroke, epilepsy, dementia, and 
Alzheimer’s disease; (4) malignant tumors and autoimmune 
diseases; (5) cardiogenic shock in patients with decompen-
sated heart failure; (6) systolic blood pressure <100 mmHg 
(baseline blood pressure was measured for each patient three 
times on three consecutive days, after which the average 
was obtained); (7) Parkinson’s disease or motor disorders; 
(8) allergies to TMZ; and (9) pregnancy and breastfeeding.

Study Design

Patients were randomized into two groups matched for age, 
weight, and medication: (1) the TZM group [24 patients 
who received a 35-mg TMZ modified-release (MR) tablet 
twice daily for 3 months as defined by the European Soci-
ety of Cardiology (ESC)] [15]; (2) the placebo group (24 
patients who received a placebo). The placebo was similar 
to TMZ tablets in appearance and taste. All patients in both 
groups were provided conventional ICM treatments, such as 
antithrombotic therapy, beta-blockers, lipid-lowering ther-
apy, angiotensin-converting enzyme inhibitors (ACEIs)/or 
angiotensin II receptor blockers, nitrates, and diuretics [15].

Investigators and patients were blinded to the randomi-
zation code. The participants were asked to continue their 
routine dietary intake, physical activity, and medication dur-
ing the study period. A general information questionnaire 
requesting data on medication, weight, height, age, ICM 
duration (years), and physical activity was collected by a 
trained interviewer.

Sample Collection

Before and after treatment, 3–4 mL of fasting venous blood 
was extracted from the patients in the morning. The samples 
were then left at room temperature for 10–20 min for coagu-
lation and centrifugation at 2000–3000 revolutions per min-
ute (r.p.m) for 20 min. Sera were collected and then placed 
in the refrigerator at −80 °C until analysis.

Monitoring Indexes

The two groups were compared in terms of vascular 
endothelial function (assessed using ET-1), inflamma-
tory process (assessed using TNF-α), and cardiac fibrosis 
(assessed using CTGF). Serum levels of ET-1, TNF-α, and 
CTGF were measured using enzyme-linked immunosorbent 
assay (ELISA) for each patient in both the study and placebo 

groups before and after treatment. The kit was provided 
by Biokit for Scientific Research Company. Echocardio-
graphic parameters, such as LVEF, LV end-systolic diameter 
(LVESD), and LV end-diastolic diameter (LVEDD), were 
measured before and after treatment. Also, number of angina 
attacks and nitrate consumption per week were collected 
before and after treatment.

Image Analysis

All echocardiograms were completed with color Doppler 
echocardiography using a PHILIPS HD 11 Echograph 
machine (United States). An experienced investigator ana-
lyzed the echocardiograms. Some echocardiographic indi-
ces, including LVEDD, LVESD, and LVEF were recorded 
and data were stored in electronic files.

Echocardiography

LVEF was measured using the modified Simpson method 
(biplane method of disks). This method of LVEF measure-
ment has been recommended by the American Society of 
Echocardiography. This method entails measuring LVEF 
at end-systole and end-diastole by tracing the endocardial 
border in both the apical four-chamber and two-chamber 
views [16].

Statistical Analysis

The required sample size was calculated based on previ-
ously treated trial cases (E-1 was assessed) [17], after which 
a power analysis was conducted (G power version 3.1 sta-
tistical software, Franz Faul, Universität Kiel Germany). 
Differences between two independent means (two groups) 
were calculated to determine the required sample size given 
α, power, and effect size. The input parameters were an α 
error probability of 0.05, an effect size (f) of 0.8324939, a 
power of 0.80, and two groups. The findings indicated that 
a minimum sample size of n = 48 samples was required (24 
samples for each group).

The IBM SPSS software package version 20.0 was used 
to analyze the data that were fed into the device (IBM Cor-
poration, Armonk, NY). The Kolmogorov–Smirnov test 
was used to confirm whether the variables had a normal 
distribution. The Chi-square test (Fisher Exact correction) 
was used to determine differences in categorical variables 
between the groups; the Student t-test was used to compare 
two classes of normally distributed quantitative variables, 
and the paired t-test was used to compare two intervals of 
normally distributed quantitative variables. Non-normally 
distributed quantitative variables were compared using the 
Mann–Whitney test. Abnormally distributed quantitative 
variables were compared using the Wilcoxon signed-rank 
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test. Correlation analysis between variables was performed 
using Pearson’s coefficient. The significance of the obtained 
results was calculated at a significance level of 5%.

Results

After screening the patients according to the inclusion and 
exclusion criteria, as previously described, 52 patients were 
initially included in this study. However, during the 3-month 
treatment period, four patients were excluded for the follow-
ing reasons: irregular use of TMZ or for less than 3 months 
(one patient) and non-adherence to their medications (three 
patients). Finally, 48 patients completed the study as shown 
in Fig. 1.

The average age of the study participants was 59.4 ± 9 
years, and 60.4% of the participants were males. As shown 
in Table 1, the two groups had almost similar baseline 
demographics, with no statistically significant differences. 
Moreover, 18.75% of the participants were smokers, 62.5% 
had diabetes, 47.9% had a previous history of percutane-
ous intervention, and 20.8% had undergone post-coronary 
artery bypass grafting (CABG). Baseline medications were 
comparable in the two groups.

Comparison of Vascular Endothelial Function 
Between the Two Groups

No significant differences in ET-1 levels were observed 
between the TMZ and placebo groups before treatment (P 
> 0.05). The TMZ group had a significantly lower ET-1 

level after than before treatment (P < 0.05). Meanwhile, 
the placebo group had a lower ET-1 level after than before 
treatment, but the difference was not statistically significant 
(P > 0.05). The TMZ group had substantially lower ET-1 
levels (39.5 ± 50.9 ng/L) than the placebo group (44.46 ± 
29.14 ng/L) after treatment (P < 0.05) (Table 2).

Comparison of the Inflammatory Process Between 
the Two Groups

No significant difference in TNF-α levels was observed 
between the TMZ and placebo groups before treatment (P > 
0.05). The TMZ and placebo groups exhibited a significantly 
lower TNF-α level after than before treatment (P < 0.05, P 
< 0.05). After treatment, the TMZ group had significantly 
lower TNF-α levels (82 ± 100 ng/L) than the placebo group 
(222 ± 186.5 ng/L) (P < 0.05) (Table 3).

Comparison of Cardiac Fibrosis Process Between 
the Two Groups

There were no significant differences in CTGF levels 
between the two groups before treatment (P > 0.05), as 
shown in Table 4. In the TMZ group, CTGF levels were sig-
nificantly lower after than before treatment (P < 0.05). The 
placebo group had a significantly lower CTGF level after 
than before treatment (P < 0.05). After treatment, the TMZ 
group had substantially lower CTGF levels (883 ± 865.8 pg/
mL) compared to the placebo group (1654.6 ± 1099.1 pg/
mL) (P < 0.05).

Fig. 1  Flow diagram of the 
study Assessed for eligibility (n=60)

Excluded (n= 8)
• Not meeting inclusion criteria (n= 3)
• Declined to participate (n= 5)

Analysed (n=24)

Withdrawn from the study (n=3)

Allocated to placebo group 
(n=27)

Withdrawn from the study (n=1)

Allocated to TMZ group 
(n=25)

Analysed (n=24)

Analysis

Enrolled subjects (n= 52)

Enrollment
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Comparison of Myocardial Function Between 
the Two Groups

The LVEF, LVEDD, and LVESD values showed no signifi-
cant differences between the two groups before treatment (P 
> 0.05) (Table 5). The TMZ group showed a significantly 
higher LVEF after than before treatment (P < 0.05). After 
treatment, the TMZ group had significantly higher LVEF 
levels (38.1% ± 4.2%) than the placebo group (34.5% ± 

Table 1  Baseline demographics of patients in the two groups

FE, Fisher exact; t, Student t-test
P, P-value for comparing between the studied groups

Parameter TMZ group
(n = 24)

Placebo group
(n = 24)

P

Gender
   Male 15 (62.5%) 14 (58.3%) 0.768
   Female 9 (37.5%) 10 (41.7%)

Age (years)
   Min–Max 38–71 34–80 0.789
   Mean ± SD 59.1 ± 9 59.8 ± 9.25

BMI (kg/m2)
   Min–Max
   Mean ± SD

21.9–32
26.4 ± 3.1

21.8–32.8
25.6 ± 2.9

0.311

Heart rate (beats/min.)
   Min–Max 70–90 65–90 0.946
   Mean ± SD 76.3 ± 4.8 76.5 ± 7.5

Systolic blood pressure (mmHg)
   Min–Max 100–180 100–180 0.900
   Mean ± SD 139.6 ± 23.2 140.4 ± 22.45

Diastolic blood pressure (mmHg)
   Min–Max 70–110 70–110 1.000
   Mean ± SD 88.3 ± 12.3 88.3 ± 12.3

Smoking 3 (12.5%) 6 (25%) FEp=0.461
Diabetes 14 (58.3%) 16 (66.7%) 0.551
Hyperlipidemia 11 (45.83%) 13 (54.16%) 0.563
Prior PCI

   0 13 (54.2%) 12 (50%) 0.773
   1 11 (45.8%) 12 (50%)

Prior CABG
   0 19 (79.2%) 19 (79.2%) 1.000
   1 5 (20.8%) 5 (20.8%)

Medications
   Aspirin 22 (91.7%) 24 (100%) FEP=0.489
   Clopidogrel 6 (25%) 5 (20.8%) 0.731
   Statins 22 (91.7%) 23 (95.8%) FEP=1.000
   ACEIs 15 (62.5%) 14 (58.3%) 0.768
   ARBs 4 (16.7%) 5 (20.8%) FEP=1.000
   Beta blockers 20 (83.3%) 21 (87.5%) 1.000
   Nitrates 18 (75%) 17 (70.8%) 0.745
   Diuretics 14 (58.3%) 13 (54.2%) 0.771

Table 2  Comparison of vascular endothelial function between the 
two groups

P, P-value for comparing between the two groups
P1, P-value for Wilcoxon signed ranks test for comparing between 
before and after in each group
* Statistically significant at P ≤ 0.05

ET-1 (ng/L) TMZ group
(n = 24)

Placebo group
(n = 24)

P

Baseline
   Min–Max 2.5–165.5 22.7–172.5 0.180
   Mean ± SD 91.1 ± 61.5 58.8 ± 36.7

After 3 months
   Min–Max 2.5–167.5 7.50–99.50 0.041*

   Mean ± SD 39.5 ± 50.9 44.46 ± 29.14
  Decrease 51.55 ± 81.9 14.4 ± 41.4 0.016*

   P1 0.006* 0.153

Table 3  Comparison of inflammatory process between the two 
groups

P, P-value for comparing between the studied groups
P1, P-value for Wilcoxon signed ranks test for comparing between 
before and after in each group
* Statistically significant at P ≤ 0.05

TNF-α (ng/L) TMZ group
(n = 24)

Placebo group
(n = 24)

P

Baseline
   Min–Max 19–502.5 53–502.5 0.207
   Mean ± SD 368.2 ± 163.5 407.7 ± 154.5

After 3 months
   Min–Max 16.5–502.5 22.8–502.5 0.006*

   Mean ± SD 82 ± 100 222 ± 186.5
Decrease 286.2 ± 192.1 185.7 ± 172.2 0.044*

P1 <0.001* <0.001*

Table 4.  Comparison of cardiac fibrosis between the two groups

P, P-value for comparing between the studied groups
P1, P-value for Wilcoxon signed ranks test for comparing between 
before and after in each group
* Statistically significant at P ≤ 0.05

CTGF (pg/ml) TMZ group
(n = 24)

Placebo group
(n = 24)

P

Baseline
   Min–Max 50–3350 177–3350 0.820
   Mean ± SD. 2218.7 ± 1056.5 2330.5 ± 1020.9

After 3 months
   Min–Max 2.6–3230 337.6–3620 0.005*

   Mean ± SD 883 ± 865.8 1654.6 ± 1099.1
Decrease 1335.8 ± 1314.3 675.9 ± 1250.95 0.045*

P1 <0.001* 0.018*
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5.6%) (P < 0.05), although a significant decrease in the lev-
els of LVEDD and LVESD was observed (P < 0.05). After 
treatment, the TMZ group had significantly lower LVESD 
and LVEDD levels (44.8 ± 4.3 mm and 57.9 ± 3.4 mm, 
respectively) than the placebo group (48.3 ± 3.9 mm and 
59.75 ± 2.7 mm, respectively) (P < 0.05).

Given that TMZ was well tolerated, patients did not need 
to stop taking it due to side effects and change the dose 
during the trial. No substantial change in any biochemical 
parameters was observed throughout the follow-up period.

Correlation Between ET‑1, CTGF, and TNF‑α 
and Echocardiographic Indices in the TMZ Group

No significant correlation was observed between ET-1, 
CTGF, and TNF-α and echocardiographic indices in the 
TMZ group (P > 0.05), as shown in Table 6.

Comparison of the Number of Angina Attacks Per 
Week Between the Two Groups

No significant differences in the number of angina attacks 
per week were observed between the two groups before 
treatment (P > 0.05), as shown in Table 7. In the TMZ 
group, the number of angina attacks per week was signifi-
cantly lower after than before treatment (P < 0.05). The 
placebo group had no significant differences in the number 
of angina attacks per week after than before treatment (P 
>0.05). After treatment, the TMZ group had a substantially 
lower number of angina attacks per week compared to the 
placebo group (P < 0.05).

Comparison of Nitrate Consumption Per Week 
Between the Two Groups

There were no significant differences in the amount of nitrate 
consumption per week between the two groups before treat-
ment (P > 0.05), as shown in Table 8. In the TMZ group, 
the amount of nitrate consumption per week was signifi-
cantly lower after than before treatment (P < 0.05). The 
placebo group had a significant difference in the amount of 

Table 5  Comparison of myocardial function between the two groups

t, Student t-test
P, P-value for comparing between the studied groups
P1, P-value for paired t-test for comparing between before and after 
in each group
* Statistically significant at P ≤ 0.05

TMZ group
(n = 24)

Placebo 
group
(n = 24)

P

LVEF (%) Baseline
   Min–Max 25–40 25–40 0.196
   Mean ± 

SD
36.3 ± 4.4 34.5 ± 5.3

After 3 months
   Min–Max 26–43 25–46 0.019*

   Mean ± 
SD

38.1 ± 4.5 34.5 ± 5.6

Increase 1.8 ± 1.1 0 ± 2.5 <0.001*

P1 <0.001* 1.000
LVESD (mm) Baseline

   Min–Max 42–55 41–55 0.562
   Mean ± 

SD
48.8 ± 3.3 48.2 ± 3.6

After 3 months
   Min–Max 39–53 38–56 0.004*

   Mean ± 
SD

44.8 ± 4.3 48.3 ± 3.9

Decrease 4 ± 2.8 -0.1 ± 1.1 <0.001*

P1 <0.001* 0.588
LVEDD 

(mm)
Baseline

   Min–Max 53–67 55–65 0.380
   Mean ± 

SD
59.2 ± 3.7 60 ± 2.7

After 3 months
   Min–Max 53–66 55–66 0.043*

   Mean ± 
SD

57.9 ± 3.4 59.75 ± 2.7

Decrease 1.3 ± 1.7 0.3 ± 2.1 0.043*

P1 0.002* 0.560

Table 6  Correlation between 
ET-1, CTGF, TNF-α with 
echocardiographic indices in 
TMZ group (n = 24)

r, Pearson coefficient

ET-1 CTGF TNF-α

Baseline After 3 months Baseline After 3 months Baseline After 3 months

LVEF (%) r 0.289 -0.146 -0.126 0.068 -0.250 0.056
P 0.171 0.495 0.559 0.753 0.239 0.795

LVESD (mm) r -0.223 -0.132 0.161 0.185 0.024 0.306
P 0.294 0.538 0.452 0.387 0.913 0.146

LVEDD (mm) r -0.035 -0.248 0.312 0.032 0.082 0.168
P 0.869 0.242 0.137 0.881 0.703 0.434
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nitrate consumption per week after than before treatment (P 
< 0.05). After treatment, the TMZ group had a substantially 
lower amount of nitrate consumption per week compared to 
the placebo group (P < 0.05).

Discussion

ICM, which remains a considerable burden in developing 
countries [5], has been the leading cause of heart failure 
(HF), accounting for approximately 60% of cases globally 
[18, 19]. HF has been associated with substantially higher 
rates of mortality and morbidity in humans [18, 20].

Evidence has shown that enhancement in HF functional 
class [5, 21], systolic function and functional capacity with-
out changes in cardiac perfusion [22], wall motion score 
index at rest [5, 23], LV end-diastolic volume [5, 24], and 
the inflammatory process measured using CRP levels in the 
blood was the major benefit of TMZ [5, 21, 25]. A long-
term study (24 months of follow-up) investigating the impact 
of TMZ on 200 ICM patients similar to those included 
herein revealed a significant decrease in the frequency of 
angina episodes per week (P < 0.01) and correspondingly 

a decrease in sublingual nitroglycerin (glyceryl trinitrate) 
tablet intake per week [5, 26].

Novel knowledge regarding myocardial ischemia, a mul-
tifactorial disease, has been discovered in recent years [27, 
28]. In addition to the vascular mechanisms of atheroscle-
rotic CAD, non-vascular causes, such as cardiac energy 
metabolism disorders and variations in blood rheology due 
to platelet activation and/or inflammation, would likely be 
included among the mechanisms responsible for myocardial 
ischemic syndromes in the near future [27, 29, 30].

HF can further influence metabolic changes. Therefore, 
targeting cardiac metabolism in patients with ischemic heart 
disease can prevent the poor prognosis of LV function and 
prevent progression to HF. For these purposes, several trials 
have indicated the benefits of TMZ, a free fatty acid oxi-
dation inhibitor that converts cardiac and muscle metabo-
lism to glucose utilization. A retrospective cohort study 
examining the data from 669 participants with congestive 
HF (CHF) showed that 362 patients were on TMZ due to 
recurrent symptoms after taking all traditional CHF medica-
tions, whereas the remaining patients were treated with tra-
ditional CHF medications. As an additional therapy to other 
conventional CHF drugs, TMZ has improved mortality and 
event-free survival in CHF patients [31]. Given its mecha-
nism of action, TMZ has been shown to have cardioprotec-
tive effects in angina patients and LV dysfunction, as well 
as those undergoing revascularization procedures, without 
any relevant side effects. TMZ, including other antianginal 
medications, have successfully improved exercise tolerance, 
delayed angina symptoms initiation, and extended the time 
to 1-mm ST-segment depression through exercise relative 
to placebo in a randomized placebo-controlled study involv-
ing 166 participants who were reluctant to use nitrates or 
beta-blockers. The aforementioned study also confirmed 
that TMZ could be used in conjunction with hemodynamic 
agents given that the rate pressure product was unchanged 
[32, 33].

A prospective double-blind, controlled trial that sought 
to investigate the impact of the preoperative use of TMZ on 
the biochemical parameters of myocardial injury, including 
myoglobin, troponin T, creatine kinase (CK), and creatine 
kinase muscle and brain (CK-MB) during CABG, found that 
the TMZ group had significantly lower levels of biochemi-
cal markers after surgery compared to the placebo group, 
which suggested that TMZ offered more protection of the 
myocardium [33, 34].

The ESC recommendations for the diagnosis and treat-
ment of chronic coronary syndromes suggested that TMZ 
can be used as first-line therapy to minimize angina inci-
dence and increase exercise tolerance in subjects with low 
baseline heart rate and low blood pressure [15]. Considering 
its lack of impact on heart rate or arterial blood pressure, the 
neutral hemodynamic profile of TMZ makes it an appealing 

Table 7  Comparison of the number of angina attacks per week 
between the two groups

P, P-value for comparing between the studied groups
Paired-Samples t-test
* Statistically significant at P ≤ 0.05

Number of angina 
attacks per week

TMZ group
(n = 24)

Placebo group
(n = 24)

P

Baseline
   Mean ± SD 3.1 ± 1.8 3.2 ± 1.5 0.77

After 3 months
   Mean ± SD 2.2 ± 1.3 2.9 ± 1.4 0.009*

   P1 0.003* 0.057

Table 8  Comparison of nitrate consumption per week between the 
two groups

P, P-value for comparing between the studied groups
Paired-samples t-test
* Statistically significant at P ≤ 0.05

Nitrate consump-
tion per week

TMZ group
(n = 24)

Placebo group
(n = 24)

P

Baseline
  Mean ± SD 3.9 ± 2.2 3.9 ± 2.1 0.788

After 3 months
  Mean ± SD 2.4± 1.2 3.3 ± 1.3 0.005*

P1 0.004* 0.036*
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choice for patients as well as clinicians [32]. Conversely, 
several studies have shown that TMZ (applied chronically 
in vivo or acutely in vitro) had no impact on cardiac fatty 
acid and carbohydrate oxidation, implying that therapeu-
tic effects of TMZ were more likely due to an intracardiac 
mechanism that has yet to be identified [35].

The therapeutic effects of TMZ on cardiac fibrosis in ICM 
patients must be verified conclusively. Our study indicated 
that the addition of MR TMZ to traditional ICM thera-
pies improved the patients’ vascular endothelial function, 
reduced the inflammatory process, and reduced the risk of 
cardiac fibrosis—an added clinical effect. Our research also 
reported that TMZ improved certain echocardiographic 
parameters.

ET-1 is a vascular contracting substance synthesized by 
vascular endothelial cells, which is important for the normal 
function of vascular smooth muscle cells [36]. The increased 
ET-1 production during cardiac ischemia and reperfusion 
further exacerbates the problem [37].

In our study, the combined regimen in the TMZ group 
effectively and significantly improved ET-1 levels (P < 
0.05). This may be attributed to the shifting of energy sub-
strates away from fatty acid metabolism and toward glucose 
metabolism caused by TMZ [17].

The findings of the current study are consistent with those 
presented in a randomized, double-blind, crossover study 
where those who received TMZ exhibited lower endothe-
lin-1 release 15 days after treatment relative to those who 
received placebo [4, 38]. Other studies have demonstrated 
a reduction in ET-1 serum levels in patients with diabetes 
undergoing TMZ treatment, both after short-term (2 weeks) 
and long-term (6 months) therapy; however, no decrease was 
detected in the placebo group [4, 17].

Inflammation is a key factor in the development of ven-
tricular remodeling. Inflammatory cytokines, such as IL-1, 
IL-6, and TNF-α, have been shown to increase dramatically 
after myocardial infarction and are involved in future LV 
remodeling [39].

The current study found that while both regimens can 
effectively improve TNF-α levels, the level of improve-
ment was significantly better in the TMZ group than in the 
placebo group, suggesting that TMZ can effectively reduce 
inflammatory stress in patients with ICM.

Consistent with our results, the TMZ group exhibited sta-
ble CRP plasma concentrations, whereas the placebo group 
experienced a significant increase in CRP levels throughout 
the 18-month treatment duration [4, 21].

The interstitial proliferation of fibroblasts induces cardiac 
fibrosis, whereas prolonged extracellular matrix precipita-
tion causes HF, arrhythmia, sudden cardiac death, and other 
severe complications. Pressure overload leads to ventricular 
remodelings, such as myocyte hypertrophy and interstitial 
fibrosis, when prolonged. Cardiac fibrosis remains a key 

factor in the progression from compensated ventricular 
hypertrophy to HF. Notably, CTGF plays a crucial role in the 
cardiac fibrosis process and has emerged as a novel thera-
peutic target in the treatment of fibrotic diseases [12]. CTGF 
is a member of the CCN family of multifunctional matricel-
lular proteins that play a role in initiating fibrosis in a variety 
of organs and tissues, including the heart. CTGF, which is 
also a key mediator of the profibrotic cytokine transform-
ing growth factor- (TGF-) signaling pathway, stimulates the 
proliferation of fibroblasts and increases the contents of the 
extracellular matrix. CTGF is a “bystander” marker that has 
the potential to influence the fibrosis process indirectly [11]. 
Limited data have been available regarding the effects of 
TMZ on myocardial fibrosis that occurs after ischemia and 
causes LV dysfunction [14]. Assessment of CTGF as an ini-
tiator biomarker of cardiac fibrosis is suitable for NYHA II 
patients who are in the early stages of disease progression.

Our study revealed that while both groups showed a 
significant decrease in the CTGF levels, the TMZ group 
showed better improvement. Our results confirmed that as 
adjuvant therapy, TMZ can effectively improve the cardiac 
fibrosis process in patients with ICM. The mechanism by 
which TMZ exerts its effects may be linked to decreased 
collagen synthesis, CTGF expression in cardiac fibroblasts, 
nicotinamide adenine dinucleotide phosphate-oxidase levels, 
and production of reactive oxygen species [8, 12].

After analyzing the myocardial function of the patients, 
our results showed that LVEF was increased signifi-
cantly, whereas both LVESD and LVEDD were signifi-
cantly decreased in the TMZ group. Notably, new findings 
observed herein suggested that LV dysfunction in ICM 
patients is mediated by changes in substrate metabolism. 
TMZ improves heart metabolism by altering the preferred 
energy substrate from fatty acid to glucose oxidation, 
thereby potentially playing an important role in improving 
myocardial function [23]. The drug’s effects on maintaining 
the integrity of cell membranes [2], as well as mitochondrial 
structure and function, may explain the improvement in the 
LVEF [2, 40]. The increase in glucose oxidation caused by 
TMZ can improve contractility and microvascular function 
by promoting glycolytic ATP resynthesis. TMZ treatment 
may also increase the energy metabolism of chronically 
hibernated cells, making them more efficient at generating 
contractile activity, limiting further LV function decline [5]. 
Although this difference may not be clinically significant, a 
better effect can be expected with a longer treatment period. 
However, clinical improvement was detected in the form of 
a reduction in the number of angina attacks per week and 
nitrate consumption in the TMZ group when compared with 
the placebo group.

Our findings showed that ET-1, CTGF, and TNF-α were 
a bit significantly correlated with echocardiographic indices 
in the TMZ group (P > 0.05). This may be explained by the 
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small non-clinically significant changes in LVEF, LVESD, 
and LVEDD. However, with longer treatment duration, a 
better correlation may be expected.

Drug Tolerance

TMZ had been well tolerated throughout the study, with 
none of the participants needing to cease administration. The 
established pharmacological actions of TMZ are supported 
by its neutral hemodynamic impact without significantly 
modifying systolic or diastolic BP or heart rate [41, 42].

Study Limitations

One major limitation of the current study is the limited sam-
ple size, with only 48 patients having been included (24 
in each group). At the 3-month follow-up examination, the 
effects of TMZ were detected. To further demonstrate the 
cardioprotective function of TMZ, more studies with larger 
sample size and longer follow-ups are required. Further-
more, cardiac fibrosis is best measured with cardiac mag-
netic resonance (MR) imaging, considering that CTGF is 
an indirect method. In addition, more than two indicators 
were needed to jointly corroborate cardiac fibrosis, vascular 
endothelial function, and the inflammatory process. While 
there are improvements in markers of fibrosis and potential 
echocardiographic indices of ventricular function, functional 
assessments are required. As such, we consider this study an 
exploratory trial.

Conclusion

Adding TMZ to conventional medications for ICM treatment 
can be of clinical value given its ability to improve vascular 
endothelial function, hinder inflammatory process progres-
sion, and protect myocardial cells by improving some echo-
cardiographic indices, such as LVEF, LVESD, and LVEDD. 
This study demonstrated that TMZ can effectively inhibit 
the cardiac fibrosis process in clinical settings by assessing 
CTGF as an initiator biomarker of cardiac fibrosis.
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