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Objective To explore the therapeutic effects of trimetazidine (TMZ) on diabetic patients with coronary heart
diseases.

Methods We conducted a comprehensive electronic search of PubMed, EMBASE, and Cochrane databases
between the inception dates of databases and May 2019 (last search conducted on 30 May 2019) to identify
randomized controlled trials. The evaluation method recommended by Cochrane Collaboration for bias risk
assessment was employed for quality assessment. Random or fixed models were used to investigate pooled mean
differences in left ventricular function, serum glucose metabolism, serum lipid profile, myocardial ischemia
episodes and exercise tolerance with effect size indicated by the 95% confidence interval (CT).

Results Additional TMZ treatment contributed to considerable improvement of left ventricular ejection
fraction (WMD=4.39, 95%CI: 3.83, 4.95, P<0.00001), left ventricular end diastolic diameter (WMD=-3.17,
95%CI: =4.90, —1.44, P=0.0003) and left ventricular end systolic diameter (WMD =-4.69, 95%CI: —8.66,
—0.72, P=0.02). TMZ administration also significantly decreased fasting blood glucose (SMD=-0.43, 95%CI:
-0.70, =0.17, P=0.001), glycosylated hemoglobin level (WMD =-0.59, 95%CI: —=0.95, =0.24, P=0.001),
serum level of total cholesterol (WMD=-20.36, 95%CI: =39.80, —0.92, P=0.04), low-density lipoprotein
cholesterol (WMD =-20.12, 95%CI: =32.95, =7.30, P=0.002) and incidence of myocardial ischemia episodes
(SMD=-0.84, 95%CI: —=1.50, =0.18, P=0.01). However, there were no significant differences in serum
triglyceride level, high-density lipoprotein cholesterol, exercise tolerance between the TMZ group and the
control group.

Conclusion TMZ treatment in diabetic patients with coronary heart disease is effective to improve cardiac

function, serum glucose and lipid metabolism and clinical symptoms.
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ITH lifestyle changes, diabetes mellitus

(DM) is gradually becoming one of the

most common chronic diseases.!"! It is

estimated that by 2040, more than 642
million people worldwide will suffer from diabetes.
DM as a group of metabolic disorders characterized by
increased blood glucose levels and altered lipid profile
can cause many complications, among which coronary
heart disease (CHD) is highly prevalent. CHD and DM
pose a synergistic threat to more severe cardiovascular
diseases such as myocardial infarction (MI), arrhyth-
mia, sudden cardiac death (SCD) and congestive heart
failure, ¥ resulting in poor quality of life and high
mortality among the patients.

Although it still remains controversial whether
CHD occurs after DM or they coexist in the early stage,
the notion that oxidative stress triggered by DM is
detrimental for endothelial function and consequently
leads to CHD is widely accepted.™ It is believed that
hyperglycemia can rapidly decrease NO generation
possibly by increasing reactive oxygen species (ROS)
production and thereby suppressing endothelium-de-
pendent vasodilatation.!” In addition, the detrimental
metabolic products caused by hyperglycemia result in
intima thickening and arterial stiffness,'” which play
important roles in the development and progression of
atherosclerosis and CHD. Owing to the narrowed lu-
men of arteries and reduced blood flow to the heart,™!
patients with CHD may perceive typical symptoms
associated with myocardial ischemia such as chest
pain. However, some diabetic patients are not able to
perceive the typical manifestations of CHD owing to
diabetic autonomic neuropathy. As a result, more se-
vere ischemic diseases such as acute MI and SCD may
appear as the first clinical presentations of CHD in DM
patients, accounting partly for the higher cardiovascu-
lar death rate than that of non-diabetic patients.®*?
Hence, more emphasis should be placed on the pre-
vention and treatment of CHD in DM patients.

Trimetazidine (2, 3, 4-trimethoxybenzyl-piperazine
dihydrochloride; TMZ) is an anti-ischemia agent that
optimizes the energy metabolism of the myocardium.
TMZ not only preserves necessary adenosine triphos-
phate (ATP) level in cardiomyocytes by shifting fatty
acid B-oxidation to glucose oxidation, but also improves
the intracellular concentration of superoxide dismutase
(SOD), thereby decreasing the oxygen-free radicals and
protecting the myocardium against oxidative stress.!**®
The pharmacological effects of TMZ indicate that diabet-
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ic patients with glucose and lipid metabolism disorders
may benefit more than other non-diabetic patients.

In the past two decades, several randomized
controlled trials (RCTs) investigating TMZ administra-
tion in diabetic patients with CHD have been reported.
These trials focused on the cardiac function, glucose
and lipid metabolism, exercise tolerance, clinical symp-
toms and so on. However, some of the results were
not consistent and no previous meta-analysis focused
on the efficacy of TMZ on patients with both CHD and
DM. Therefore, we performed a meta-analysis with the
purpose to provide more convincing evidence for TMZ
therapy in diabetic patients with CHD.

MATERIALS AND METHODS

Search strategy

We performed a comprehensive search of PubMed, EM-
BASE, and Cochrane databases between the inception
dates of databases and May 2019 (last search conduct-
ed on 30 May 2019), using the following key words
“Trimetazidine” or “Vastarel” or “Vasartel” “Idaptan” in
combination with “diabetes” or “diabetic”. No restric-
tions were imposed. In addition, we reviewed the ref-
erence lists of retrieved literatures and recent reviews.

Selection criteria

Inclusion criteria for studies were listed as follows: (1)
The search was in English, on human subjects; (2) The
study type was limited to RCTs; (3) The purpose of the
study was to compare the efficacy between the TMZ
and control groups in diabetic patients with CHD; (4)
Studies included at least one of the outcome indicators
were considered eligible: cardiac function parameters
[i.e., left ventricular ejection fraction (LVEF), left ven-
tricular end diastolic diameter (LVEDD), left ventricular
end systolic diameter (LVESD), and left ventricular
end-diastolic volume (LVEDV)], serum glucose metab-
olism [i.e., fasting blood glucose (FBG) and glycosylat-
ed hemoglobin (HbA;c) level], serum lipid metabolism
[i.e., triglycerides, total cholesterol, low-density lipo-
protein cholesterol (LDL-C) and high-density lipopro-
tein cholesterol (HDL-C)], myocardial ischemia epi-
sodes and exercise tolerance.

Exclusion criteria were shown as follows: (1) ret-
rospective, nonrandomized trial; (2) data were incom-
plete, erroneous or unavailable for statistical analysis;
(3) studies were not original, such as reviews, letters,
case reports, etc.; (4) duplicate publication; (5) over-
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lapping data, only latest report was included and prior
reports were excluded.

Data extraction and quality assessment

Two authors (LY and WZL) independently extracted the
following contents of retrieved articles: basic data (i.e.,
first author, publication year, research location and du-
ration, the number, age and gender ratio of patients),
intervention strategies and outcomes.

The evaluation method recommended by Co-
chrane Collaboration for bias risk assessment was
employed for quality assessment. If there was dispute
between the two authors, the third author (YM) would
be invited for consultation.

Statistical analysis

Continuous variables were analyzed using weighted
mean differences (WMD) with effect size indicated by
95% confidence intervals (CIs). Summary effect was
calculated as the standard mean difference (SMD) for
fasting blood glucose level and incidence of myocardial
ischemia episodes, together with their 95% CIs. Sub-
group analysis was performed based on the treatment
duration and sensitivity analysis was also conducted
by removing individual studies sequentially. Statistical
heterogeneity across trials was measured using the
I? statistic. Fixed-effect models were applied if there
was a lack of heterogeneity across studies (P>0.05
and I?’<50%). Otherwise, random-effect models were
used. P<0.05 was considered statistically significant.
Statistical analyses were performed using the RevMan
5.3 software (Cochrane Colaboration, Oxford, UK). No
registered protocol was reported for the present me-
ta-analysis.

RESULTS

Study selection

A flow chart of the selection process of literatures is
shown in Figure 1. Based on our inclusion criteria,
405 articles were retrieved by using the search strat-
egy. After removing duplicate literatures, 302 litera-
tures were retained. After browsing the headlines and
abstracts, 281 papers were excluded, including 170
articles which were obviously irrelevant, 28 animal
experiments, 83 reviews, conference papers and case
reports. 21 potential trials were identified, of which 13
trials were excluded after reading the full text. Only 8
RCTs"?®) met our inclusion criteria.
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Records searched (n=405)
PubMed: n=76

Embase: n=299
Cochrane library: n=30

A

Records screened for titles
and abstracts (n=302)

Excluded (n=281)

Obvious irrelevance: n=170
Animal experiment: n=28
Case report: n=17

Meeting abstract: n=4
Review: n=62

¥

Full texts assessed for
eligibility (n=21)

Excluded (n=13)

Not RCT: n=5

No full text (in Russian): n=2
| No appropriate interventions:
n=3
Without required outcomes:
n=3

Studies included in
quantitative synthesis (n=8)

Figure 1. Flow diagram of selecting eligible studies in-
cluded in the meta-analysis.
RCT: randomized controlled trials.

Characteristics of studies

The general features of the 8 RCTs were described in
Table 1. Selected articles were published between 2003
and 2017. The study sites were mainly in China, Italy,
Brazil and Egypt. 2 studies used a crossover design, of
these, the wash out period of a Brazilian study™ was 2
weeks, but the authors of the Italian study considered
the wash out period unnecessary in the TMZ trials.?®
TMZ dosage was 20 mg tid in 6 trials,”*® **®! while in 2
trials, patients were provided a loading dose at admis-
sion,® 2 then followed by daily dose. The follow-up
time ranged from 0.5 to 24 months.

The results of the quality assessment were shown in
Figure 2. Briefly, of all the eight studies, six studies®"
adequately reported the random sequence generation
procedures. In addition, six of them were designed
with blinded methods.”>****?®! Five studies!® 2" 2% 2% 28
were classified as high-risk studies with incomplete
outcome data due to loss of large numbers of patients
during follow-up. The risk of selective reporting and
other biases were considered low in all the studies.
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Figure 2. Quality assessment of included studies.

A. Risk of bias summary: The assessment of the percent-
age of all RCTs that have the risk of bias in the analysis;
B. Risk of bias summary: The assessment of all the biases
of each study in the analysis. +: low risk; -: high risk; ?:
unclear.

Left ventricular function

Among the included studies, 6 trials described LVEF (in-
volving a total of 859 patients, 437 in the TMZ group
and 422 in the control group).[**?* % %! According to the
test of heterogeneity (I°=36%, P=0.17), a fixed-ef-
fects model was used to analyze the data. Our results
indicated that additional use of TMZ in diabetic pa-
tients with CHD was superior to conventional treatment
in terms of LVEF improvement (WMD=4.39, 95%CI:
3.83, 4.95, P<0.00001, Figure 3A). In addition, 4 tri-
als described LVEDD (including 728 patients, 368 in
the TMZ group and 360 in the control group)*® 2% 2> 28
and 3 described LVESD (including 555 patients, 279 in
the TMZ group and 276 in the control group).?® 2
A random-effects model was used to analyze the
data according to the test of heterogeneity (I*=81%,
P=0.001; I’=98%, P=0.00001, respectively). The re-
sults showed that LVEDD and LVESD were significantly
lower in patients treated with additional TMZ (WMD
=-3.17, 95%CI: -4.90, -1.44, P=0.0003, Figure 3B;
WMD =-4.69, 95%CI: -8.66, -0.72, P=0.02, Figure
3C, respectively). Meanwhile, one trial reported LVEDV
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and LVESV as the outcomes.!” Compared with the
control group, additional use of TMZ reduced LVESV
significantly (85.0+36.5 cm?® vs. 98.8+47.5 cm?,
P=0.02), but the reduction of LVEDV was not signifi-
cant (150.3+£47.9 cm’ vs. 152.9+57.9 cm?, P=0.7).

Serum glucose metabolism

A total of 4 trials described FBG levels (involving 230
patients, 121 in the TMZ group and 109 in the control
group).*® 2 2% 21 Qwing to the test of heterogeneity
(I’=48%, P=0.12), a fixed-effects model was used.
After pooling the data, the TMZ group achieved sig-
nificant reduction in the FBG level compared with the
control group (SMD=-0.43, 95%CI: -0.70, -0.17,
P=0.001, Figure 4A). The serum level of HbA;c was
also measured in 3 trials (involving 57 patients, 32 in
the TMZ group and 25 in the control group).? 2% %1 A
fixed-effects model was used after observing the het-
erogeneity (I’=0%, P=0.94). Pooled analysis showed
that the serum level of HbA,c was significantly reduced
in the TMZ group (WMD=-0.59, 95%CI: -0.95, -0.24,
P=0.001, Figure 4B).

Serum lipid profile

Only 2 trials described the serum lipid profile (includ-
ing 44 patients, 24 in the TMZ group and 20 in the
control group).”” ?*' A random-effects model was used
to analyze the serum level of triglyceride according
to the heterogeneity (I°=83%, P=0.02). The results
showed no significant difference in the serum triglycer-
ide level between the TMZ and control group (WMD =
-37.33, 95%CI: -129.46, 54.81, P=0.43, Figure 5A).
A fixed-effects model was used to analyze the serum
level of total cholesterol, LDL-C and HDL-C according to
the heterogeneity (I=38%, P=0.20; I’=0%, P=0.32;
I’=0%, P=0.87 respectively). The results indicated
that the serum total cholesterol and LDL-C levels in
the TMZ group were lower than those in the control
group, and the differences were statistically signifi-
cant (WMD =-20.36, 95%CI: -39.80, -0.92, P=0.04,
Figure 5B; WMD=-20.12, 95%CI: -32.95, -7.30,
P=0.002, Figure 5C, respectively). However, compared
with the control group, the serum level of HDL-C in the
TMZ group was not statistically significant (WMD=2.75,
95%CI: -2.50, 8.00, P=0.30, Figure 5D).

Myocardial ischemia episodes
Only 2 trials described the ischemia episodes (involv-
ing a total of 40 patients, 20 in the TMZ group and
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Figure 3. Forest plots for left ventricular function of diabetic patients with CHD additionally used TMZ vs. the controls.
A. LVEF; B. left ventricular end diastolic diameter; C. left ventricular end systolic diameter.
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Figure 4. Forest plots for serum glucose metabolism of diabetic patients with CHD treatment with TMZ vs. those with con-

ventional treatment.
A. fasting blood glucose; B. HbA,c.
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Figure 5. Forest plots for serum lipid profile of the TMZ and the control groups.
A. triglyceride; B. total cholesterol; C. low-density lipoprotein cholesterol; D. high-density lipoprotein cholesterol.

20 in the control group).’ *! A fixed-effects model
was used to analyze the data (I’=0%, P=0.47). The
results showed that the incidence of myocardial isch-
emic episodes was significantly reduced in the TMZ
group compared with the control group (SMD=-0.84,
95%CI: -1.50, -0.18, P=0.01, Figure 6).

Exercise tolerance

3 included trials reported exercise tolerance (involv-
ing a total of 57 patients, 32 in the TMZ group and
25 in the control group).”> ** %1 A fixed-effects model
was used to analyze the data (I’=0%, P=0.77). The
results suggested that there was no significant dif-
ference in exercise tolerance between the TMZ and
control groups (WMD=49.50, 95%CI: -21.19, 120.20,
P=0.17, Figure 7).

Subgroup and sensitivity analysis
Since significant heterogeneity across studies was

observed for LVEDD, we conducted a subgroup anal-
ysis based on the treatment duration. The result sug-
gested that TMZ treatment significantly decreased
LVEDD in patients with intervention periods longer
than 6 months (WMD=-4.01, 95%CI: -5.59, -2.42,
P<0.00001), but not in patients treated within 6
months (P=0.13). Besides, the heterogeneity of the
longer treatment subgroup was also lower (I>=66%,
P=0.05). Testing for subgroup differences between
the two subgroups found significant differences in
LVEDD (P=0.007, Figure 8).

As for the sensitivity analysis of LVESD, when two
of the included studies were removed, I? of the hetero-
geneity declined to 0%. The results still favored addi-
tional TMZ treatment as a superior therapy (Table 2).

DISCUSSION

DM is a well-recognized risk factor for CHD with a
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Figure 6. Forest plot for myocardial ischemia episodes of the TMZ and the control groups.
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Figure 7. Forest plot for exercise tolerance of the TMZ and the control groups.
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Figure 8. Forest plot of subgroup analysis for left ventricular end diastolic diameter based on treatment duration.

Table 2. Sensitivity analysis of left ventricular end systolic
diameter

P for hetero-

Study omitted WMD (95%CI) genelty (%)
Fragasso et al.*® -4.83 (-9.08, -0.59)  <0.00001 99
Rosano et al.”®! -2.67 (-3.31, -2.03) 0.88 0
Xu et al.? -6.99 (-7.64, -6.33) 0.51 0

WMD: weighted mean difference; CI: confidence interval.

wide range of clinical presentations, including angina,
MI, ischemic cardiomyopathy or SCD."*°! The main
reason for CHD is coronary atherosclerosis manifested
by the formation of lipid plaque.™ In clinical practice,
diabetic patients with CHDs are often traditionally
treated with hypoglycemic agent, aspirin, angioten-

sin-converting enzyme inhibitors (ACEI), beta-blocker,
statin, etc. to reduce blood glucose level and amelio-
rate cardiac dysfunction. A large number of traditional
ant-ischemic drugs which have been used clinically
may affect hemodynamics (i.e., vasolidation, arythmia,
decreased myocardial contractility) or increase cardiac
oxygen consumption. Since TMZ is a cardiac metabo-
lite with little hemodynamic impact, we performed the
current meta-analysis to evaluate the effect of TMZ in
diabetic patients with CHD. Our results confirmed that
additional use of TMZ significantly increased LVEF and
decreased LVEDD and LVESD levels, indicating consid-
erable improvement in left ventricular systolic func-
tion and remodeling. The results of subgroup analysis
based on treatment time showed that the LVEDD of
patients with TMZ treatment duration over 6 months
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was significantly reduced, suggesting that long-term
TMZ treatment could improve left ventricular recon-
struction. The study also found that the adjunct of TMZ
reduced myocardial ischemia episodes in patients with
both CHD and diabetes, indicating an improvement in
myocardial ischemia and an improvement in their qual-
ity of life.

By selective inhibition of mitochondrial long-
chain 3-ketoacyl coenzyme A thiolase (3-KAT), TMZ
switches cardiac energy metabolism from free fatty
acid oxidation to glucose oxidation, improving glucose
utilization as well as ATP production with less oxygen
required than traditional ant-ischemic drugs.®?! Due
to the insulin resistance of DM, the uptake and utili-
zation of glucose by cardiomyocytes are reduced with
increasing free fatty acid oxidation serving as compen-
sation. Therefore, the preferential oxidation of glucose
should be more beneficial to diabetic patients. There
is increasing evidence that oxidative stress is integral
to the development and progression of CHD, especially
in patients with diabetes.®*** Hyperglycemia resulting
from diabetes causes the mitochondria to overproduce
ROS such as hydrogen peroxide, superoxide ion and
peroxyl radical, establishing a vicious circle of oxidative
stress.*” *¥! As an initiating factor of atherosclerosis,
excessive ROS production can not only cause direct
injury to endothelial cells, but also promote the ex-
pression of various inflammatory factors and adhesive
molecules in endothelial cells.® Long-term exposure
of cardiomyocytes to ROS results in apoptosis and
inflammatory cell infiltration, leading to impaired exci-
tation-contraction coupling, progressive deterioration
of cardiac function and cardiac remodeling."**! Many
researches**®! have confirmed that TMZ can decrease
the production of ROS and increase the intracellular
concentration of SOD. Moreover, TMZ plays a critical
role in reducing apoptosis and inflammation of cardio-
myocytes, enhancing mitochondrial integrity and activ-
ity as well as increasing mitochondrial calcium reten-
tion capacity, thereby demonstrating cardioprotective
effects.!*’*%!

In the past few years, some studies have inves-
tigated the effects of TMZ treatment on blood glucose
metabolism in patients with diabetes and CHD. Some
RCTs reported that TMZ treatment was associated
with a considerable improvement in FBG and HbA,c,
while some other RCTs revealed little effect on serum
glucose levels. In our meta-analysis, FBG and HbAlc
were both significantly reduced by TMZ treatment. The
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observed improvement in blood glucose level could be
partly ascribed to the effect of TMZ on glucose utiliza-
tion in both cardiac and skeletal muscles.® Besides,
some studies™*® ! revealed increased systemic insulin
sensitivity and glucose tolerance in insulin-resistant
patients treated with TMZ and the mechanism might
be related to the translocation of GLUT4 by activating
PI3 K/AKT and AMPK pathways.** > Our meta-analysis
also showed that TMZ was associated with a reduction
in serum total cholesterol and LDL-C levels, which were
crucial elements in development of atherosclerotic le-
sions especially in diabetic patients. By reducing blood
lipid levels, TMZ was likely to attenuate the progress of
atherosclerosis and enhance the stability of atheroscle-
rotic plaques.t® %

Recently, several researches demonstrated that
TMZ treatment was associated with better exercise tol-
erance in patients suffering from stable angina'®* > >¢
or ischemic heart disease.”®! However, this study
showed no significant difference in the improvement of
exercise tolerance in diabetic patients with CHD using
TMZ. As is known, exercise capacity is a strong health
predictor determined by cardiac and pulmonary func-
tion as well as the strength and metabolism of skeletal
muscles, which were the main insulin-mediated glu-
cose disposal. Besides, normal endothelial vasodilation
function is also associated with exercise tolerance.”®
In diabetic patients, insulin resistance may lead to
severe metabolic disorders and skeletal muscle inflam-
mation,® ! accounting partly for the indistinguishable
difference of exercise tolerance between the TMZ and
control groups. Meanwhile, diabetes is linked to im-
paired endothelial-dependent vasodilation,'*! which
may also reduce the effect of TMZ on exercise toler-
ance.

The limitations of our study are listed as follows:
Firstly, for the comparisons of LVEDD, LVESD and se-
rum level of triglyceride, the heterogeneity was very
high. Some reasons might explain this phenomenon:
1. The number of articles included in our meta-analy-
sis was relatively small, the population might not have
a good representation; 2. Inconsistency existed in
study design (crossover & parallel); 3. The population
included Asia, Europe, Afica, which might also lead
to the heterogeneity. 4. In addition, there were some
differences in the types of CHD and follow-up dura-
tion in each study. Secondly, due to some incomplete
outcome data, attribution bias couldn’t be ruled out.
Thirdly, owing to the limited number of articles, publi-
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cation bias assessments could not be processed. These
potential confounding factors might affect the statisti-
cal power to interpret the results.

Our study suggests that following aspects should
be noted in subsequent studies: 1. Studies with large
samples in multiple regions are needed in the future.
2. The medication strategy of TMZ remains to be reg-
ulated according to different pathological situations
and clinical presentations. 3. The follow-up of patients
should be strengthened in order to decrease the po-
tential bias, and the follow-up time should be extended
for the detection of the long-term effect of TMZ. 4. A
number of outcomes such as glucose level, lipid pro-
file, exercise tolerance and life quality remain to be
included in the further research. 5. Whether TMZ ther-
apy could decrease the morbidity of CHD in diabetic
patients needs to be further investigated.

In conclusion, this meta-analysis indicates that
additional TMZ treatment in diabetic patients with CHD
is effective to improve cardiac function, blood glu-
cose level, lipid profile and clinical symptoms. Thus,
it is recommended that patients with CHDs especially
combined with diabetes receive the medication of TMZ
in addition to conventional drugs. However, there is
insufficient evidence to support the relation between
TMZ administration and increased exercise tolerance.
Further large scale, long time follow-up RCTs are war-
ranted in the future to validate the conclusion drawn
by this meta-analysis.
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