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Abstract 

 
Background- Carnitine has a major role in utilization of fatty acids and glucose by the 

myocardium. Some patients with heart failure have carnitine deficiency. This study evaluates 
the effects of oral carnitine on heart failure. 

Methods- This prospective interventional study was conducted on 41 patients with heart failure on 
the basis of the Framingham classification. Before and after intervention with 500mg of 
carnitine in 2 divided doses for six months, the general condition and functional class were 
evaluated and end-diastolic, end-systolic diameters, ejection fraction, left atrial diameter and 
severity of mitral regurgitation were measured by color Doppler, M-mode, and 2-D 
echocardiography. These data in addition to sex, age and etiology of heart failure were 
analyzed using SPSS software with paired t- test and Wilcoxon-matched pair test.  

Results- The mean age of the patients under study was 60.2 ± 15.3 years. Out of 41 patients, 27 
subjects were males and 14 were female. The causes of heart failure were valvular heart 
disease, coronary artery disease and dilated cardiomyopathy in 10, 16 and 16 patients, 
respectively; and one patient had both valvular and coronary artery disease. Carnitine 
reduced end-diastolic, end-systolic and left atrial diameter, increased ejection fraction, 
improved function class and degree of mitral regurgitation. All the changes were statistically 
significant. 

Conclusion- The results show that 500mg oral daily carnitine for six months has favorable clinical 
effects on heart failure and improves cardiac echocardiographic parameters (Iranian Heart 
Journal 2006; 7 (3):9-15). 
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efractory heart failure patients suffer 
serious problems. In spite of progress in 

medical and nursing care in hospitals and 
home and the high cost of their management, 
they are not able to return to their job with 
satisfaction.1-7 Medical processes including 
modern drug and non-drug therapy such as 
PTCA, stent, enhanced external counter 
pulsation (EECP), coronary bypass surgery, 
heart transplantation, etc., are the modern 
methods of treating such patients.  
 
 
 
 

However, in many cases these patients are 
not able to pay for their charges because of a 
lack of financial support and low income. In 
addition, age, co-morbidity, such as carotid 
artery, cerebral, kidney and liver diseases, 
diabetes mellitus and hypertension preclude 
applying these methods of therapy. In these 
high risk groups, conventional drug therapy 
may be preferable because of less expense 
and fewer side-effects but may have less 
efficacy on long-term survival.1 
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For severe heart failure patients, many drugs 
including positive inotropic agents such as 
digoxin, digitoxin, sympathomimetic 
amines, arterial vasodilators and 
phosphodiesterase inhibitors have been used. 
These conventional drugs have practically 
no significant effect on life expectancy and 
may only increase life satisfaction and 
relieve the clinical symptoms. All of these 
drugs have some side effects that can add to 
disability and mortality as well. 2, 8-12 

Carnitine (betahydroxy gamma-three methyl 
ammonium butyrate) is a necessary cofactor 
for entry of fatty acids, facilitating the 
aerobic metabolism of carbohydrates and 
increasing the rate of phosphorylation–
oxidation and extraction of organic acids. 
This substance is made in the liver and 
kidney from the residuals of lysine; the red 
meats and chicken are the main sources of 
carnitine. The four microelements that are 
necessary for its production are vitamin C, 
B6, B12 and iron. The prescription of 
carnitine to normal subjects has no side 
effect, and it has been confirmed that the 
dose of carnitine up to 15g per day can be 
tolerated.12-17 In fact, the cause of 
arrhythmias due to myocardial ischemia is 
lack of heart carnitine and accumulation of 
long chain fatty acids. The deficiency of 
carnitine blocks metabolism of long-chain 
fatty acids in the body and thus leads to 
blocked hepatic metabolism of ketones.12 
The appearance of lipoid cytoplasmic 
inclusions in myocytes and hepatocytes are 
characteristic. 
The deficiency of carnitine might be primary 
or secondary. The primary deficiency is due 
to the defect in absorption or synthesis or 
carnitine action. This carnitine deficiency 
leads to hypoglycemia, coma or CHF. The 
secondary deficiency is observed in RTA 
(renal tubular acidosis) cases because of 
increasing urinary excretion.12 The 
symptoms of carnitine deficiency are 
classified into two groups of systematic and 
myopathic disorders. The systematic 
disorder originates from the deficiency of 

carnitine concentration in plasma, muscle 
and kidney, which leads to muscle 
weakness, cardiomyopathy, hepatic failure, 
impairment in ketone production and fasting 
hypoglycemia, and myopathic disorder leads 
to muscle weakness originating from lipid 
infiltration in muscle fibers.12 
Published studies have documented that 
prescription of carnitine in patients with 
heart failure improves cardiac indices.13-23  
For example, Terrranova et al.14 found that 
300 mg carnitine for 4.5 months had an 
effective response in treating lower limb 
arterial obstruction without any side effect. 
Matsomuto et al.16 reported that prescription 
of 500 mg/day carnitine for 6 months 
relieved chest pain, increased left ventricle 
ejection fraction and eventually decreased 
complications and mortality. However, the 
optimal dose and duration of carnitine still is 
controversial and there is no definite 
therapeutic strategy for management of 
patients. 
The aim of this study was to evaluate the 
effect of oral carnitine 500 mg/day (two 
doses of 250 mg/day) on cardiac outcomes 
in patients with congestive heart failure. 
 

Methods  
 

We conducted an interventional study 
(before and after) in patients with diagnosis 
of congestive heart failure (coronary artery 
disease, cardiomyopathy, valvular disease). 
All these patients had contraindications for 
surgical therapy and/or they did not consent 
to surgical therapy. The patients were 
referred to the university heart clinic or 
private clinic between 2002 and 2004 with 
clinical and paraclinical criteria of heart 
failure based on Framingham standard 
classification and did not respond to 
conventional treatment. All the patients gave 
a written consent for recruitment of our 
carnitine therapy. At entry, all the patients 
underwent clinical and paraclinical exams 
like ECG, CXR, echocardiography (M-
mode, 2-D, color Doppler), thallium scan 
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and if necessary, coronary angiography and 
catheterization.  
The cardiac outcomes (end-diastolic 
diameter, end-systolic diameter, ejection 
fraction, size of left atrium, functional class 
and the degree of mitral regurgitation) were 
measured at the entry and end of the study. 
The cause of cardiac failure and the 
demographic data such as age and gender 
were collected. The patients were prescribed 
oral carnitine tablets of 250mg (Daro, 
Tehran). The dose of carnitine was 500 
mg/day (two doses of 250 mg) with a 
duration of six months. Patients who were 
not compliant because of the expense of 
carnitine or lack of tolerance were excluded 
from our study. Compliance was confirmed 
by the patients' accompanying persons. In 
cases of hospitalization, the patients were 
excluded. Overall, 41 patients met the study 
criteria and were compliant and had a full 
description of data. 
In the statistical analysis, we used SPSS 
software with paired t-test analysis and non-
parametric Wilcoxon-matched pair tests to 
determine the effect of carnitine on cardiac 
indices. We also conducted subgroup 
analysis with respect to the gender and type 
of heart failure. 
 

Results 
 

The results showed that the mean age 
(±SD) of the patients under study was 
60.2± 5.3 with a range of 15 to 83 years, 
and 27 subjects were male and 14 subjects 
were female. Out of 41 subjects, 10 cases 
had valvular disease, 16 cases had coronary 
artery disease and 16 subjects had 
cardiomyopathy (one subject had both 
coronary artery disease and valvular 
disease). Table I shows that 25 subjects 
were aged ≥65 years, 6 subjects were <45 
years and 10 subjects were 45 - 64 years 
old.  
 

 
Overall, Table II shows that the mean 
difference of end-diastolic diameter, end-
systolic diameter, the size of left atrium, 
functional class and degree of mitral 
regurgitation decreased significantly (mean 
difference: -3.7, -4.7, -3.6, -0.66 and -0.74, 
respectively, P<0.0001). Ejection fraction 
increased from 0.38 to 0.43 significantly 
(P<0.0001). These results also show that 
the functional class became worse in 1 
case, did not change in 16 cases, improved 
to class 1 in 20 cases and improved to class 
2 in 4 cases. In Table III, the cardiac 
indices are presented with respect to the 
gender status. The effect of carnitine on all 
cardiac parameters was significant in both 
sexes except for left ventricle ejection 
fraction.   
In Table IV, the effect of carnitine on 
cardiac indices is shown with respect to the 
cause of failure. Except for coronary artery 
disease, the effects on end-diastolic 
diameter and functional class were not 
statistically significant. In all three causes 
of failure, the effect of carnitine on cardiac 
indices was significant. In addition, after 
treating with carnitine, none of the cases 
were found with functional failure of 
kidney and liver, and none had changes on 
electrocardiogram. 

 
 
Table I. The age distribution of patients with 
refractory heart failure with respect to gender.  
    

Age 
(year) 

Male 
No 

Female 
No 

Total 
No 

< 45 4 2 6 

45 – 60 10 - 10 

> 60 13 12 25 

Total 27 14 41 
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Table II. The mean ( ± SD) of cardiac parameters before and after treating with carnitine and the P-value. 
 

Cardiac   parameters Before treatment 
Mean ± SD 

After treatment 
Mean ± SD 

Mean 
Difference 

P-value of paired T-
test or Wilcoxon 

 

End-diastolic diameter (mm)  
 

65.6 ± 7.7 
 

61.9 ± 7.4 
 

3.7 
 

0.000 
 

End- systolic parameter (mm)  
 

52.6 ± 7.7 
 

47.9 ± 7.9 
 

4.7 
 

0.000 
 

Ejection fraction  

0.38 ± 0.07 
 

0.43 ± 0.07 
 

-0.05 
 

0.000 
 

Left atrium diameter (mm) 
 

48.1 ± 4.3 
 

44.5 ± 4.3 
 

3.6 
 

0.000 
 

Functional class  

2.48 ± 0.5 
 

1.82 ± 0.66 
 

0.66 
 

0.000 
 

Degree of mitral regurgitation 
 

2.39 ± 0.82 
 

1.65 ±0.79 
 

0.74 
 

0.000 

 
 
Table III. Mean (± SD) of cardiac parameter in patients with refractory heart failure before and after treating 

with carnitine. 
 

Cardiac 
parameters Sex No Before treatment 

Mean±SD 
After treatment 

Mean±SD 
Mean 

Difference 
P-value Paired t 
test or Wilcoxon 

Male 27 67.3 ± 8.3 63.7± 6.8 3.6 0.000 End-diastolic 
diameter (mm) Female 14 62.2 ± 5.4 58.4 ± 7.5 3.8 0.019 

Male 27 53.2 ± 8.4 48.3 ± 8.1 4.9 0.000 End-systolic diameter 
(mm) Female 14 51.2 ± 6.0 47.0 ± 7.9 4.2 0.006 

Male 27 0.4 ± 0.06 0.45 ± 0.06 4.2 0.006 Ejection fraction Female 14 0.33±0.07 0.40±0.09 -0.07 0.016 
Male 27 48.8±4.9 45.1±3.7 3.7 0.000 Left atrium diameter 

Female 14 46.9±2.5 43.2±5.2 3.4 0.009 
Male 27 2.55±0.5 1.88±0.69 0.67 0.000 Functional class 

Female 14 2.35±0.49 1.71±0.61 0.64 0.021 
Male 27 2.22±0.84 1.55±0.8 0.67 0.000 Degree of mitral 

regurgitation Female 14 2.71±0.72 1.82±0.77 0.86 0.003 

 
 
 

Table IV. The mean (±SD) of cardiac parameter before and after treating with carnitine and p-value with 
respect to cause of heart failure. 

 
Cardiac parameters Cause of 

 heart failure 
No Before treatment 

Mean±SD 
After  

treatment 
Mean±SD 

Mean 
difference 

P-value paired t 
test or Wilcoxon 

Valvular disease 10 66.9±4.7 63.7±4.5 3.2 0.015 
Cardiomyopathy 16 67.6±10.6 61.6±9.5 6.0 0.000 

End–diastolic 
diameter (mm) 

Coronary artery disease  16 62.6±4.5 61.0±6.4 1.5 0.185 
Valvular disease 10 53.6±4.5 49.7±5.1 3.9 0.002 
Cardiomyopathy 16 54.7±10.3 47.9±10.9 6.81 0.000 

End-systolic diameter 
(mm) 

Coronary artery disease  16 50.0±5.2 47.1±5.9 2.87 0.014 
Valvular disorder 10 0.40±0.06 0.45±0.04 -0.04 0.009 
Cardiomyopathy 16 0.38±0.07 0.46±0.08 -0.08 0.000 

Ejection fraction  

Coronary artery disease  16 0.36±0.08 0.45±0.07 3.8 0.002 
Valvular disease 10 49.5±3.9 45.7±4.3 3.8 0.002 
Cardiomyopathy 16 46.8±3.5 42.8±4.5 4 0.003 

Left atrium diameter 
(mm) 

Coronary artery disease  16 48.8±5.0 45.6±3.6 3.1 0.002 
Valvular disease 10 2.7±0.48 2.0±0.47 0.7 0.002 
Cardiomyopathy 16 2.51±0.51 1.56±0.72 0.94 0.001 

Functional 
Class 

Coronary artery disease  16 2.3±0.47 2.0±0.63 0.3 0.059 
Valvular disease 10 2.7±0.67 1.9±0.73 0.8 0.011 
Cardiomyopathy 16 2.37±1.14 1.5±1.03 0.87 0.003 

Degree of mitral 
regurgitation 

Coronary artery disease  16 2.31±0.6 1.75±0.57 0.56 0.003 
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Discussion 
 
Our finding showed that consumption of 
carnitine 500 mg/day for 6 months improved 
the functional class and other cardiac indices 
under study significantly. Published studies 
also reported the efficacy of carnitine with 
different doses on cardiac patients.13-28 In 
many studies, the prescribed dose was much 
higher than that in ours. Furthermore, there 
are not many studies on the effect of 
carnitine on functional class and patient 
satisfaction. Probably, this is because of the 
presence of error and lack of confidence of 
subjective data of patient compliance. 
Terranova et al. reported that carnitine is an 
effective treatment without any 
complications in coronary patients.14 
Matsumoto et al. also reported that 
prescription of carnitine with a dose of 500 
mg/day at 6 months improved chest pain and 
increased ejection fraction and finally it 
decreased cardiac complications and 
mortality.15 Witte et al. also found that 
carnitine improved the physical activity in 
patients with heart failure.16 In a study by 
Rizos et al., the consumption of carnitine 
2g/day significantly increased the duration 
of life compared with a control group.19 In 
our study, carnitine is effective in decreasing 
end-diastolic, end-systolic diameters and the 
size of left atrium. A similar finding was 
also reported by Colonna et al.,18 Romagnoli 
et al.26 in Italy, Jeejeebhoy et al.27 in Canada 
and El-Beshlaw24 in Egypt. In addition, 
Pierpont et al.28 reported that the prescription 
of oral carnitine leads to the elimination of 
severe cardiomyopathy and the prevention of 
the relapsing of heart failure in 5-years’ 
follow up. However, in our study, the 
elimination of cardiomyopathy was not 
observed, and we were not able to attain 5 
years' follow-up of our cases. In another 
situation, Gurlek et al.25 in Turkey found that 
prescription of 2g/day carnitine for 1 month 
had a useful effect on the function of left 
ventricle in patients suffering ischemic 
cardiomyopathy. There dissimilarity of dose 

and duration of consumption between this 
study and ours. While their dose of 
prescription was higher than that of ours, the 
duration of consumption was shorter. 
Overall, the said study used 60 grams 
carnitine and we prescribed 90 grams. 
In terms of the difference in the effect of 
carnitine between males and females, 
although its effect on echocardiographic 
parameters and functional class tended to be 
greater in the males than females, the 
differences were not significant. This might 
be either due to a lack of a real difference in 
the effect of carnitine with respect to gender 
or a lack of sufficient sample size. In 
addition, the published data did not address 
gender difference for the effect of carnitine. 
Based on our findings, the effect of carnitine 
was different with respect to causes of heart 
failure (coronary artery disease, valvular 
disease and cardiomyopathy). Our results 
showed that the magnitude of effect of 
carnitine on end-diastolic and end-systolic 
diameter of the left ventricle and ejection 
fraction was greater in patients with 
cardiomyopathy, followed by patients with 
coronary artery and valvular disease, 
respectively. With regard to the effect of this 
drug on the size of the left atrium, the 
difference between the three groups of 
patients was not significant. In addition, its 
effect on functional class was greater in 
patients with cardiomyopathy compared 
with other patients; and finally, its effect on 
the degree of mitral regurgitation was greater 
in patients with cardiomyopathy and 
coronary artery disease compared with 
valvular disease. 
In conclusion, our findings show that the 
prescription of carnitine at a dose of 500 
mg/day for 6 months improved cardiac 
parameters without any side effect and 
complications. Because of the absence of 
side effects, we recommend that this drug be 
prescribed to patients with heart failure who 
are resistant to conventional treatment, in 
particular to patients with cardiomyopathy. 
For more clarification, a multi-center 
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randomized clinical trial with an adequate 
sample size is necessary to evaluate the 
efficacy of this drug for definite clinical 
decision making. 
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