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ABSTRACT
Objective To explore whether trimetazidine could
improve symptoms, cardiac functions and clinical
outcomes in patients with heart failure (HF).
Methods A systematic literature search was conducted
to identify randomised controlled trials (RCT) of
trimetazidine for HF between 1966 and May 2010 in
Pubmed, the Cochrane Central Registry of Clinical Trials
and EMBASE. Reports of trials were sought that
compared trimetazidine with placebo control for chronic
HF in adults, with outcomes including all-cause
mortality, hospitalisation, cardiovascular events,
changes in cardiac function parameters and exercise
capacity.
Results 17 trials with data for 955 patients were
identified by the literature search. Trimetazidine
therapy was associated with a significant improvement
in left ventricular ejection fraction in patients with both
ischaemic (weighted mean difference (WMD) with
placebo 7.37%; 95% CI 6.05 to 8.70; p<0.01) and
non-ischaemic HF (WMD 8.72%; 95% CI 5.51 to 11.92;
p<0.01). With trimetazidine therapy, left ventricular
end-systolic volume was significantly reduced
(WMD 10.37 ml; 95% CI 15.46 to 5.29; p<0.01)
and New York Heart Association classification was
improved (WMD 0.41; 95% CI 0.51 to 0.31; p<0.01)
as was exercise duration (WMD, 30.26 s; 95% CI 8.77
to 51.75; p<0.01). More importantly, trimetazidine had
a significant protective effect for all-cause mortality (RR
0.29; 95% CI 0.17 to 0.49; p<0.00001) and
cardiovascular events and hospitalisation (RR 0.42; 95%
CI 0.30 to 0.58; p<0.00001).
Conclusion Trimetazidine might be an effective
strategy for treating HF. More studies, especially larger
multicentre RCT, are warranted to clarify the effect of
trimetazidine on HF.

With more than 5 million prevalent cases and
nearly 1 million hospital discharges yearly, heart
failure (HF) represents a rapidly growing thera-
peutic challenge for healthcare providers.1

Continual knowledge of the pathophysiological
background of HF is fundamental in the manage-
ment of this complex disease. The past 20 years
have seen considerable progress in the treatment of
HF, with ACE inhibitors, aldosterone antagonists,
b-receptor blockers and resynchronisation therapy.2

However, HF remains a leading cause of morbidity
and mortality throughout the world.3

Myocardial energy metabolism may be normal in
the early stages of HF, but as failure progresses,
mitochondrial oxidative metabolism is reduced, and
glycolysis is increased with the downregulation of
glucose and fatty acid oxidation.4 In particular,
evidence suggests that with HF, a shift of metabo-

lism away from a preference for fatty acid towards
more carbohydrate oxidation can improve contrac-
tile function, thus slowing the progression of HF
and improving prognosis in patients with HF.5

Trimetazidine, a piperazine derivative used as an
anti-anginal agent, selectively inhibits long-chain
3-ketoacyl coenzyme A thiolase (the last enzyme
involved in b-oxidation) activity. Trimetazidine has
been reported to have a potential benefit in HF.6

Trimetazidine may affect myocardial substrate use
by inhibiting oxidative phosphorylation and
shifting energy production from free fatty acids
(FFA) to glucose oxidation.7 It may also contribute
to the preservation of intracellular levels of phos-
phocreatine and ATP,8 reduce calcium overload and
free radical-induced injury,9 inhibit cell apoptosis10e12

and improve endothelial function.13 More recently,
trimetazidine has been suggested to inhibit cardiac
fibrosis through an NADPH oxidase-reactive oxygen
specieseconnective tissue growth factor pathway14

(see figure 1).
Over the past few decades, several small rando-

mised controlled trials (RCT) have been conducted
using trimetazidine in the HF population. These
trials investigated symptoms, cardiac function
parameters, various quality of life aspects and
adverse events, comparing trimetazidine with
placebo. Some studies have shown a benefit with
trimetazidine in HF. However, the studies showed
limited benefits, and the small sample sizes
produced underpowered results, and until now
metabolic therapy was not recommended by
guidelines.1 We therefore performed a meta-analysis
to explore the potential therapeutic effects of
trimetazidine in the management of chronic HF.

METHODS
Literature search
Two authors (DG and NN) independently
conducted a search for reports of RCT in Medline
via PubMED (studies published from 1966 to June
2010), EMBASE (studies published from 1980 to
June 2010) and the Cochrane Central Register of
Controlled Trials (using the OVID interface for
studies published before the second quarter of
2010). The search terms were ‘Trimetazidin*’,
‘VASTAREL*’ or ‘IDAPTAN*’ plus ‘heart failure’,
‘cardiac failure’ or ‘cardiomyopathy ’. Sensitive
filters identified clinical research or RCT in the
Medline database15 and the EMBASE database.16

The search was limited to human subjects, with no
restriction for language. Conference proceedings
from the American College of Cardiology
(2005e10), American Heart Association (2005e10),
and European Society of Cardiology Congress
(2005e10) were also searched. The search was
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finalised on 18 June 2010. The Clinical Trials database (http://
clinicaltrials.gov/) was searched with the search term ‘Trimeta-
zidin*’ for articles in other archived registries. We also contacted
the manufacturers of trimetazidine (no additional studies were
identified) and reviewed the bibliographies of reports of RCTand
review articles for possible missed reports of RCT.17

Inclusion criteria
Two authors (DG and NN) reviewed all retrieved abstracts to
identify potential reports of RCT. The full texts of potential
articles were retrieved and reviewed by the same authors to
determine eligible articles. Disagreements were resolved by
consensus, and if necessary a third author (XN) was consulted.
Reports of RCTof trimetazidine compared with placebo control
for chronic HF in adults and reporting at least one of the
outcomes of interest were considered eligible. These outcomes
included mortality, hospitalisation, cardiovascular events,
changes in cardiac function parameters (ie, left ventricular

ejection fraction (LVEF), left ventricular end-diastolic volume
(LVEDV), left ventricular end-systolic volume (LVESV)), New
York Heart Association (NYHA) classification and exercise
capacity (ie, exercise duration).

Validity assessment and data abstraction
All included articles were assessed for validity by two authors
(DG and NN) independently, with disputes resolved by discus-
sion. The quality of the included RCTwas also assessed by the
Jadad scale.18 If a study did not clearly mention one of these key
points, we considered that the point was not covered in the
study, and the results may have underestimated the reported
characteristics.
Data were abstracted by the use of specific data collection

forms by the two authors (DG and NN) and checked for
accuracy (by XN). Data were collected on study characteristics
(publication data, first author ’s last name, year of publication,
sample size, intervention, comparator therapy, follow-up
interval,inclusion criteria and endpoints) and patient
characteristics (number of patients, age, gender, cause of the HF,
LVEF at baseline, NYHA classification at baseline, other
concurrent therapies and the presence of diabetes). When
the report did not contain sufficient details to evaluate the
validity of the study or outcome data were missing, we
attempted to contact the authors by email and in writing. The
study complied with the recently reported Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISRMA)
statement.19

Statistical analysis
We referred to the guidelines of the Cochrane handbook for
systematic reviews of interventions20 for this meta-analysis. For
reports of crossover studies in which the authors did not report
the data as mean differences between treatment and control but
separately as data for two groups, data were analysed as two
separate parallel trials, labelled (a) and (b). For dichotomous
outcomes, results were expressed as RR with 95% CI. For
continuous outcomes, pooled data were described with the
weighted mean difference (WMD) and 95% CI. The heteroge-
neity of results across trials was assessed with a standard c2 test
with significance set at p<0.10 and an I2 statistic with

Figure 1 Possible mechanisms of the
benefit effects of trimetazidine (TMZ) in
heart failure (HF): from metabolism to
myocardial protection. Administration of
trimetazidine induces the partial
inhibition of fatty acid b-oxidation (b-ox)
and increases pyruvate dehydrogenase
(PDH) (1) and determines the increase
in glucose oxidation, energetically
useful in HF. (2) Limitation of
accumulation of sodium and calcium
and intracellular acidosis. (3) Reduces
reactive oxygen species (ROS)-induced
cell damage, and inhibits cardiac
fibrosis and inflammation through the
ROS/CTGF pathway. (4) Prevention of
cell apoptosis through the mitogen-
activated protein kinase (MAPK)/AKT
pathway. (5) Reduces uncoupling
proteins (UCP) and increases PCr/ATP
ratio. The final effect is a reduction in
cellular damage and an improvement in HF.
FFA, free fatty acid. PCr, creatine phosphate; CTGF, connective tissue growth factor.

Figure 2 Flow diagram of the trial selection process. ACC, American
College of Cardiology; AHA, American Heart Association; ESC, European
Society of Cardiology; RCT, randomised controlled trial; TMZ,
trimetazidine.
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significance set at I2 greater than 50%. A random effects model
was used for statistical analysis due to wide clinical and meth-
odological variability across the trials. Publication bias was
evaluated by the funnel plot. All analyses involved use of review
manager version 5.0 (Revman; The Cochrane Collaboration,

Oxford, UK). A value of p<0.01 was considered statistically
significant. To evaluate the effect of methodological character-
istics of studies on the results of this meta-analysis, the impact
of the components of such characteristics on our meta-analysis
was assessed by sensitivity analysis.

Table 1 Quality features of 17 reports of RCT assessed in the meta-analysis

Study Year Design
Reporting of
randomisation

Generation of
random sequence

Completeness of
follow-up

Description of
withdrawals Quality score

Gunes et al21 2009 SB-P Y NA Y N 2

Marazzi et al22 2009 DB-P Y NA Y Y 4

Belardinelli et al23 2008 SB-P Y NA Y Y 3

Tuunanen et al24 2008 SB-P Y NA Y Y 3

Belardinelli et al25 2008 DB-P Y Computer generated Y Y 5

Sisakian et al37 2007 Open Y NA Y N 2

Di Napoli et al26 2007 DB-P Y Sealed envelope Y Y 5

Fragasso et al27 2006 Open Y Computer generated Y Y 4

Fragasso et al28 2006 DB-C Y Computer generated Y Y 5

Di Napoli et al29 2005 DB-P Y NA Y Y 3

El-Kady et al35 2005 SB-P Y NA Y N 2

Vitale et al30 2004 DB-P Y NA Y Y 4

Thrainsdottir et al31 2004 DB-C Y NA Y Y 4

Rosano et al32 2003 DB-P Y NA Y Y 4

Fragasso et al33 2003 DB-C Y NA Y Y 4

Belardinelli et al34 2001 DB-P Y NA Y Y 4

Brottier et al36 1990 DB-P Y Double-blind Y Y 5

DB-C, double-blind crossover; DB-P, double-blind parallel; NA,unable to assess; RCT, randomised controlled trial; SB-P, single-blind parallel.

Table 2 Study characteristics

Study

Randomised patients
(trimetazidine/
placebo)

Intervention
(dose/day)

Follow-up
interval Inclusion criteria Endpoints

Gunes et al21 87 (51/36) 60 mg/day 3 Months Chronic stable HF, NYHA
class IIeIV, LVEF #40%

Echocardiographic parameters, NYHA
class

Marazzi et al22 47 (23/24) 40 mg/day 6 Months Age $60 years, chronic stable
ischaemic HF, LVEF <50%

QOL, NYHA class

Belardinelli et al23 116 (60/56) 60 mg/day 8 Weeks Stable ischaemic HF,
LVEF #40%

Echocardiographic parameters, exercise
testing, blood chemistry

Tuunanen et al24 19 (12/7) 70 mg/day 3 Months IDCM with LVEF #47% Echocardiographic parameters,
myocardial metabolism, blood chemistry

Belardinelli et al25 34 (19/16) 60 mg/day 3 Months Diabetes, stable ischaemic HF Myocardial scintigraphy parameters,
blood chemistry

Di Napoli et al 61 (30/31) 60 mg/day 48 Months Chronic stable ischaemic HF,
LVEF #40%

All-cause mortality, hospitalisation, NYHA
class, exercise capacity, LVEF, CRP

Sisakian et al37 82 (42/40) 70 mg/day 3 Months Stable ischaemic HF,
LVEF <40%

Echocardiographic parameters, exercise
capacity, NYHA

Di Napoli et al26 50 (25/25) 60 mg/day 6 Months Ischaemic HF, LVEF #35% Exercise capacity, LVEF, NYHA class,
BNP

Fragasso et al27 65 (34/31) 60 mg/day 12 Months Chronic stable HF, NYHA
class II to IV, LVEF #45%

Hospitalisation, cardiovascular events,
NYHA class, Echocardiographic
parameters, QOL, BNP

Fragasso et al28 12/12 60 mg/day 90 Days Chronic stable HF, LVEF #45% NYHA class, QOL, echocardiographic
parameters, BNP, ergometric results

El-Kady et al35 200 (100/100) 60 mg/day 24 Months Stable ischaemic HF, LVEF <50% SPECT parameters, exercise tests, LVEF

Vitale et al30 47 (23/24) 60 mg/day 6 Months Age $65 years, chronic stable
ischaemic HF, LVEF <50%

Cardiovascular events, hospitalisation,
echocardiographic parameters, QOL

Thrainsdottir et al31 20/20 60 mg/day 4 Weeks Diabetes, stable ischaemic HF,
NYHA class IIeIII, LVEF #40%

Exercise test, echocardiographic
parameters

Rosano et al32 32 (16/16) 60 mg/day 6 Months Diabetes, stable ischaemic HF,
LVEF <50%

Echocardiographic parameters

Fragasso et al33 16/16 60 mg/day 6 Months Diabetes, stable ischaemic HF,
LVEF #40%

Echocardiographic parameters, blood
chemistry parameters

Belardinelli et al34 44 (22/22) 60 mg/day 2 Months Chronic stable cardiomyopathy Exercise test, echocardiographic
parameters

Brottier et al36 23 (10/13) 60 mg/day 6 Months Severe ischaemic HF, NYHA IIIeIV Echocardiographic parameters

BNP, brain natriuretic peptide; CRP, C-reactive protein; HF, heart failure; IDCM, idiopathic cardiomyopathy; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association;
QOL, quality of life; SPECT, single photon emission CT.
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RESULTS
Study characteristics
The search revealed 159 reports of RCTof trimetazidine for HF;
38 full-text articles and six abstracts were retrieved for in-depth
review. The reports for 17 studies,21e37 enrolling 955 partici-
pants fulfilled all eligibility criteria, were analysed. Figure 2
shows the flow of studies through the selection process. The
validity assessments are shown in table 1. The trial and
patient characteristics are shown in tables 2 and 3, respectively.
Reports of 16 trials21 23e37 described an evaluation of LVEF
(n¼866), 1021 23e25 27 28 30 33 34 37 LVESV and LVEDV (n¼491),
six23 27 28 33 35 37 exercise capacity (exercise duration) (n¼381),

seven21 22 26 27 29 30 37 NYHA classification (n¼426), four26 27 29 35

all-cause mortality (n¼376) and four24 26 27 30 cardiovascular
events and hospitalisation (n¼189) during the study periods.
Trimetazidine dosage ranged from 60 to 70 mg/day and
treatment periods from 4 weeks to 24 months.

Cardiac function
Left ventricular ejection fraction
Among the 16 reports providing data on LVEF, LVEF was
significantly higher for patients who received trimetazidine
therapy (WMD 7.49%; 95% CI 6.26 to 8.71; p<0.01). Subgroup
analysis revealed trimetazidine associated with a significant

Table 3 Patient characteristics

Gunes
et al21

Marazzi
et al22

Belardinelli
et al23

Tuunanen
et al24

Belardinelli
et al25

Di Napoli
et al29

Sisakian
et al37

Di Napoli
et al26

Fragasso
et al27

Patients (trimetazidine/
placebo)

87 (51/36) 47 (23/24) 30/26 19 (12/7) 35 (19/16) 61 (30/31) 82 (42/40) 50 (25/25) 55 (28/27)

Age (years)
(trimetazidine/
placebo)

59.469.5/
56.6613.6

7863.4/
7762.3

5968/
5869

5968.8/
5767.3

54.366.9/
53.769

6765.5/
6967

63.5659.3/
65.668.7

6466/
6367

6467/
6667

Men (N) (trimetazidine/
placebo)

37/21 18/22 25/22 10/5 16/13 17/18 37/33 15/18 25/25

Ischaemic cause (N) 35/22 100 100 0 100 100 100% 100% 18/17

LVEF (%) (trimetazidine/
placebo)

33.365.6/
30.668.2

<50% 35.067/
36.666

3168.5/
3868.4

3966/
4066

3066/
3168

34.563.8/
32.465.6

2864/
3066

3467/
3665

NYHA classification (N) NA 2.260.3/
2.260.4

NA NA NA

I 0 7/3 0 0 0

II 25/17 22/10 18/18 10/10 7/13

III 26/19 18/10 24/22 13/12 21/13

IV 0 0 0 2/3 0/1

Diabetes (trimetazidine/
placebo)

14/11 NA 0/0 19/15 10/11 NA NA 1/3

b-Blocker therapy 45/34 16/18 26/23 11/7 15/13 15/18 38/40 20/19 21/22

ACE inhibitor or ARB 47/34 23/24 30/25 12/7 19/15 27/28 42/40 24/25 28/27

Digitalis 33/18 18/20 NA 4/2 NA 8/7 8/11 5/5 6/5

Aldosterone antagonist 45/31 NA NA NA NA 8/7 NA 9/11 12/10

Diuretic therapy 36/23 23/22 8/7 7/4 NA 30/31 23/21 25/25 24/22

Statins 27/19 20/21 26/22 4/2 16/14 6/8 6/7 20/19 9/8

Fragasso
et al28

El-Kady
et al35

Vitale
et al30

Thrainsdottir
et al31

Rosano
et al32

Fragasso
et al33

Belardinelli
et al34

Brottier
et al36

Patients (trimetazidine/
placebo)

12/12 200 (100/100) 47 (23/24) 10/10 32 (16/16) 16/16 38 (19/19) 20 (9/11)

Age (years)
(trimetazidine/
placebo)

6665 52.868.7/
5368.7

7762.3/
7864.3

67.167.2/
65.769.0

65.665.7/
65.267

6467 5067/
5467

57.063.2/
61.960.9

Men (n, %) (trimetazidine/
placebo)

11 86/78 18/22 9/7 11/13 16 15/16 19

Ischaemic cause 6 100 100 100% 100% 100% 100% 100%

LVEF (%) (trimetazidine/
placebo)

3367 35.6617.1/
36.9613.9

2962.2/
28.762.8

33610/
29611

32.365.3/
32.862.3

4065 3364.5/
33.463.5

32.263.1/
29.462.6

NYHA class 2.260.3/
2.260.4

NA NA

I 3/4 0 un 0

II 10/12 10/8 un 14/13

III 10/8 0/2 un 5/6 6

IV 0 0 0 0 14

Diabetes (trimetazidine/
placebo)

NA 37/30 NA 10/10 16/16 16 NA NA

b-Blocker therapy 12 69/75 16/18 10/9 11//12 10 2/3 0

ACE inhibitor or ARB 12 89/94 23/124 9/6 16/16 16 19/18 0

Digitalis 10 NA 18//20 0/1 13/15 2 5/4 9

Aldosterone antagonist NA NA NA NA NA 6 NA NA

Diuretic 10 NA 23/22 8/6 16/15 15 11/11 15

Statins NA NA 20/21 5/8 14/16 3 NA NA

ARB, angiotensin receptor blocker; N, number of patients; NA,unable to assess; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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improvement in LVEF for patients with both ischaemic (WMD
7.37%; 95% CI 6.05 to 8.70; p<0.01) and non-ischaemic HF
(WMD 8.72%; 95% CI 5.51 to 11.92; p<0.01) (figure 3A). For the
subgroup of patients with diabetes with ischaemic HF, LVEF
was similarly elevated in response to trimetazidine treatment
(WMD 6.19%; 95% CI 4.16 to 8.23; p<0.01) (figure 3B). The
results of the subgroup and sensitivity analyses are displayed in
table 4. As shown in table 4, the LVEF response to trimetazidine
was still pronounced in studies of which standard therapies for
HF (concomitant use of ACE inhibitors/angiotensin receptor

blockers (ARB) and b-blockers) were used (WMD 7.14%; 95% CI
5.99 to 8.30; p<0.01). In trials that included patients of NYHA
classification IV, a more profound improvement in LVEF was
found (WMD 10.87%; 95% CI 9.39 to 12,35; p<0.01). The effect
of the follow-up interval on the result was also analysed. After
excluding the trials that lasted less than 3 months, a profound
improvement in LVEF was observed (WMD 8.12%; 95% CI 6.68
to 9.55; p<0.01). In addition, we renewed the analysis according
to methodological quality (excluding scores less than three).
There was still a significant improvement in LVEF with

Figure 3 Forest plot from meta-analysis of weighted mean differences in left ventricular ejection fraction (LVEF) for patients with heart failure (HF)
receiving trimetazidine (TMZ) or placebo. Subgroup analysis of the effect in patients with ischaemic HF, non-ischaemic HF (A) and patients with
diabetes with HF (B). IV, inverse variance.

282 Heart 2011;97:278e286. doi:10.1136/hrt.2010.208751
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trimetazidine compared with placebo control (WMD 7.52%;
95% CI 6.22 to 8.82; p<0.01). A funnel plot of all studies eval-
uating LVEF appeared symmetrical, thus indicating the low
likelihood of publication bias (figure 4).

Left ventricular end-systolic volume and left ventricular
end-diastolic volume
LVESV was significantly lower in patients who received trime-
tazidine therapy than placebo treatment (WMD �10.37 ml;
95% CI �15.46 to �5.29; p<0.01) (figure 5). LVEDV was not
significantly decreased in response to trimetazidine treatment
(WMD �4.70 ml; 95% CI �11.07 to 1.67; p¼0.15).

Clinical symptoms
NYHA classification
For the seven reports containing data on NYHA classification,
trimetazidine therapy resulted in a significant improvement in
NYHA classification compared with placebo (WMD �0.41; 95%
CI �0.51 to �0.31; p<0.01) (figure 6A).

Exercise capacity
For the six reports containing data for exercise capacity, trime-
tazidine significantly increased exercise duration compared with
placebo control (WMD 30.26 s; 95% CI 8.77 to 51.75; p¼0.01)
(figure 6B).

Major adverse events
For the four reports containing data on mortality, with
trimetazidine treatment mortality was lower than that with

placebo (7.5%; 14/187 patients vs 27.5%; 52/189 patients), for
a significant protective effect of trimetazidine treatment on
mortality with HF (RR 0.29; 95% CI 0.17 to 0.49; p<0.01)
(figure 7A).
Cardiovascular events and hospitalisation data reported for

four trials revealed a significant decrease in these conditions with
trimetazidine treatment (RR 0.42; 95% CI 0.30e0.58; p<0.01)
(figure 7B).

DISCUSSION
We performed a meta-analysis of RCT evaluating the effect of
trimetazidine compared with placebo control on cardiac function
variables, clinical symptoms and major adverse events in patients
with chronic HF. We found trimetazidine treatment resulted
in better cardiac function for ischaemic and non-ischaemic HF,
and improved clinical symptoms. More importantly, trimetazi-
dine was associated with a significant reduction in the RR for
mortality, cardiovascular events and hospitalisation.
Trimetazidine is initially used as an anti-ischaemic or ‘cyto-

protective’ agent through a metabolic pathway: switching
cardiac metabolism from FFA to glucose oxidation, which is
efficient in terms of oxygen consumption and energy
production. Because FFA inhibitors can act as metabolic modu-
lators in protecting the ischaemic myocardium, the effects of
trimetazidine on HF have previously been assessed mainly in
patients with ischaemic HF. The results of several small RCT
have revealed improved cardiac function with trimetazidine.
By pooling these results, our meta-analysis confirms increased
LVEF in response to trimetazidine treatment in ischaemic HF.
Because we included studies that were published over a long
period (1990e2010), changes in practice over time could have an
effect on the results. We observed a more profound effect of
trimetazidine on LVEF (11%) in the study by Brottier et al36 in
which ACE inhibitors/ARB or b-blockers were not used.
Sensitivity analysis of the trials that ACE inhibitors/ARB and
b-blockers were concomitantly used resulted in a WMD for
LVEF of 7.49% to 7.14% (p<0.01), with reduced heterogeneity
(I2 from 50% to 38%). This indicates that trimetazidine may
improve cardiac function even with the concomitant use of
current standard therapies. Trimetazidine was recently found
to have cardioprotective effects in patients with HF of different
aetiologies other than ischaemic HF.21 24 27 We pooled the
results for LVEF from three trials of non-ischaemic HF in
response to trimetazidine treatment and showed a significant
improvement (8.72%) of LVEF with trimetazidine. Several lines
of evidence suggest that high plasma levels of FFA and high rates
of fatty acid oxidation in the myocardium results in impaired

Table 4 Sensitivity and subgroup analyses

RCT
(n)

p Value for
heterogeneity 95% CI

p Value for
overall effect

Ischaemic HF 15 p¼0.0009, I2¼63% 7.37 (6.05 to 8.70) <0.00001

Non-ischaemic HF 3 p¼0.48, I2¼0% 8.72 (5.51 to 11.92) <0.00001

Ischaemic HF with diabetes 5 p¼ 0.93, I2¼0% 6.19 (4.16 to 8.23) <0.00001

Excluding crossover effect 14 p¼0.002, I2¼57% 7.61 (6.31 to 8.92) <0.00001

Trials that did not include class IV HF 13 p¼ 0.62, I2¼0% 6.39 (5.52 to 7.27) <0.00001

Trials that include class IV HF 3 p¼ 0.60, I2¼0% 10.87 (9.39 to 12.35) <0.00001

Trials with concomitant us of ACE
inhibitor/ARB and b-blocker

15 p¼0.05, I2¼38% 7.14 (5.99 to 8.30) <0.00001

Trials without concomitant use of ACE
inhibitor/ARB and b-blocker

1 NA 11.0 (8.53 to 11.47) <0.00001

Jadad scale $3 13 p¼0.03, I2¼43% 7.52 (6.22 to 8.82) <0.00001

Follow-up interval $3 13 p¼0.006, I2¼55% 8.12 (6.68 to 9.55) <0.00001

ARB, angiotensin receptor blocker; HF, heart failure; NA, unable to assess; RCT, randomised controlled trial.

Figure 4 Funnel plot assessing evidence of publication bias from 16
trials.
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contractile function and a higher incidence of ventricular
arrhythmias during and aftermyocardial ischaemia in the diabetic
heart.38 Therefore, trimetazidine might have more benefit in
patients with diabetes with HF. However, our pooled results
showed a similar improvement in LVEF in this subgroup (WMD
6.19%; 95% CI 4.16 to 8.23). A mechanism other than an energy
modulator, which positively redirects the neurohormonal
pathway39 or inhibits cardiac fibrosis through an NADPH
oxidase-reactive oxygen species connective tissue growth factor
pathway,14 may contribute to this effect.

Improving clinical symptoms is an important treatment goal
in HF. Our pooled results revealed an improvement in NYHA
classification and exercise capacity (exercise duration) with
trimetazidine. As a result of a lack of these outcomes, we cannot
estimate the differential changes in NYHA classification and
exercise capacity by different aetiologies. We found significant
heterogeneity in our meta-analysis of exercise capacity
(I2¼85%). Differences in baseline exercise capacity and cardiac
function may contribute to this heterogeneity.

In patients with HF, the effect of trimetazidine on mortality
and other main outcomes is still controversial. Only four reports
of RCT with small samples26 27 29 35 described all-cause
mortality, and four described24 26 27 30 cardiovascular events and
hospitalisation. The pooled results from our study indicate that
trimetazidine provided a significant protective effect on
decreasing the risk of all-cause mortality, cardiovascular events
and hospitalisation. Given the relatively small sample sizes of

the studies, we cannot estimate the effect of trimetazidine by
different aetiologies, and more importantly the overall effect of
trimetazidine on mortality in chronic HF should be tested in
large-scale, randomised controlled clinical trials.
Some limitations of our meta-analysis need to be acknowl-

edged. First, the methodological quality of the studies included
in this analysis was less than optimal, with only five studies
meeting all the validity criteria. Four studies were limited by
their single-blind design. Three studies were open label, and
three studies did not report blinding. We were not able to
exclude the potential risk of bias in these trials. Second, the
number of patients included in this meta-analysis was small, so
some estimates such as for all-cause mortality, cardiovascular
events and hospitalisation are based on relatively small numbers
of measurements. However, we tried to include all available
trials, and we did observe some benefits (including cardiac
function, clinical symptoms and hard endpoints) associated
with trimetazidine use. As a result of the small sample size,
there is a probability of overestimating the clinical benefit if one
does not exist (type I error). Results from our meta-anlaysis
should be interpreted with caution. Third, we did not have
access to individual patient data. Subgroups of HF patients
might show a difference with trimetazidine treatment, but we
could not perform these analyses given the limited number of
patients for the currently available reports, especially for major
adverse events. Finally, the follow-up times varied widely, from
4 weeks to 48 months.

Figure 5 Forest plot of weighted mean differences for left ventricular end-systolic volume (LVESV) (A) and left ventricular end-diastolic volume
(LVEDV) (B) for patients with heart failure receiving trimetazidine or placebo. IV, inverse variance.
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In conclusion, our meta-analysis shows that trimetazidine
improves systolic function and clinical symptoms for patients
with chronic HF, as shown by a significant change in systolic
function, NYHA classification and exercise duration. Moreover,
these improvements associated with trimetazidine may result in

reduced all-cause mortality, cardiovascular events and hospital-
isation after long-term treatment. Given these results, large-
scale, prospectively designed, randomised, double-blinded trials
are still required to clarify some of these questions. Trimetazi-
dine might be a choice for patients with chronic HF, especially

Figure 6 Forest plot of weighted mean differences for New York Heart Association classification (NYHA) (A) and exercise duration (B) for patients
with heart failure receiving trimetazidine or placebo. IV, inverse variance.

Figure 7 Comparison of clinical outcomes of patients with heart failure receiving trimetazidine or placebo for (A) all-cause mortality and (B)
cumulative events. MeH, ManteleHaenzel.
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those with ischaemic HF, even for whom current standard
therapies are used. However, until now, we cannot recommend
the routine use of trimetazidine for the treatment of HF.
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