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Introduction: Hemodialysis patients face progressive reductions in carnitine levels due to the 
removal of carnitine during hemodialysis and decreased endogenous synthesis, which may 
contribute to impaired fatty acid oxidation and endothelial dysfunction, potentially playing a role in 
the development of pulmonary hypertension. 
Objectives: This study sought to assess the impact of oral L-carnitine supplementation on 
echocardiographic index in hemodialysis patients diagnosed with pulmonary hypertension. 
Patients and Methods: This double-blind, placebo-controlled, randomized clinical trial was 
conducted on hemodialysis patients diagnosed with pulmonary hypertension who were referred to 
dialysis centers in 2022, in Shahrekord, Iran. Eligible participants were randomly assigned to receive 
either L-carnitine or placebo for 12 weeks. Informed written consent was taken from all patients 
and demographic characteristics were collected. Echocardiographic parameters were measured at 
baseline and after the intervention, including ejection fraction, systolic pulmonary artery pressure 
(SPAP), mean pulmonary artery pressure (MPAP), and New York Heart Association (NYHA) 
functional class. Data were collected and compared between control and intervention groups using 
statistical tests.
Results: The study included 40 participants, divided into control and intervention groups. The mean 
ages were 65.10 ± 8.66 years for the control group and 56.35 ± 13.76 years for the intervention group. 
Analysis of echocardiographic parameters revealed significant differences between the groups 
after three months, with the intervention group showing a notable increase in ejection fraction and 
significant reductions in NYHA functional class, SPAP, and MPAP compared to the control group.
Conclusion: Our findings showed that L-carnitine positively impacts cardiac function and 
echocardiographic parameters in hemodialysis patients with pulmonary hypertension. The 
significant improvements in ejection fraction and reductions in the NYHA functional class, SPAP, 
and MPAP indicate that L-carnitine may play an effective role in enhancing cardiac performance and 
improving symptoms in this patient population.
Trial Registration: The trial protocol was approved by the Iranian Registry of Clinical Trials 
(identifier: IRCT20230425057989N1; https://irct.behdasht.gov.ir/trial/69751), and ethical code from 
Shahrekord University of Medical Sciences (Ethical code#IR.SKUMS.REC.1400.157).
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Introduction 
Pulmonary hypertension in hemodialysis patients is a 
resting mean pulmonary artery pressure (MPAP) greater 
than 25 mm Hg, as measured by right heart catheterization 
(1-3). It is further classified into mild (25-40 mm Hg), 
moderate (40-60 mm Hg), and severe (>60 mm Hg) 
based on the level of pressure elevation (3). Pulmonary 
hypertension is highly prevalent in end-stage renal disease 

(ESRD) patients on hemodialysis, with a reported rate of 
38% (ranging from 8% to 70%) in a meta-analysis study on 
41 studies (4); which is an underestimated cardiovascular 
consequence and a significant predictor of mortality in 
this patient population (3).

The pathogenesis of pulmonary hypertension in 
hemodialysis is multifactorial and not fully elucidated. 
Factors that may contribute to its development include 
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chronic volume overload, alterations in calcium and 
phosphate metabolism, metabolic derangements affecting 
pulmonary vasculature, and chronically increased blood 
flow from arteriovenous fistulas (2,3). The clinical signs 
of pulmonary hypertension in hemodialysis patients are 
often hidden by the underlying etiology, and diagnosis is 
frequently established only after the development of right 
ventricular failure (5). Today, pulmonary hypertension can 
be diagnosed relatively accurately in most patients using 
non-invasive doppler echocardiography. If this condition 
is diagnosed early, it can be managed to some extent by 
addressing the underlying causes before the onset of right 
ventricular failure, thereby reducing the mortality rate 
associated with cardiac issues in hemodialysis patients (6).

L-carnitine is a naturally occurring molecule that 
plays a role in fatty acid metabolism and is synthesized 
in the human body from the amino acids L-lysine and 
L-methionine, which serve as its building blocks; this 
endogenous molecule can be obtained through dietary 
sources, with red meats like beef and lamb being the 
richest sources for increasing carnitine intake (7). 
L-carnitine plays a vital role in the management of 
hemodialysis patients by addressing several complications 
associated with chronic kidney disease. It is particularly 
effective in treating erythropoietin-resistant anemia, as 
studies have shown that L-carnitine supplementation can 
increase plasma L-carnitine levels, enhance the response 
to erythropoiesis-stimulating agents, and reduce the 
required doses of these medications, thereby maintaining 
hemoglobin and hematocrit levels more effectively. 
Additionally, L-carnitine helps alleviate intradialytic 
hypotension and improves cardiac function, which are 
common issues in this patient population (8). 

Research suggests that L-carnitine supplementation 
can have significant benefits for hemodialysis patients, 
such as reducing dialysis-related hypotension (9), 
improving muscle status and physical activity (10), 
and regulating inflammatory markers in critically ill 
patients (11). Specifically, L-carnitine has been shown 
to reduce inflammatory markers like C-reactive protein 
and interleukin-6 levels, improve muscle mass, decrease 
fat mass, and enhance exercise activity in hemodialysis 
patients (9,10). Therefore, incorporating oral L-carnitine 
supplementation in hemodialysis patients with a 
pulmonary hypertension treatment regimen may lead 
to positive changes in echocardiographic parameters 
and overall cardiovascular health. This study aimed to 
evaluate the effects of oral L-carnitine consumption 
on echocardiographic parameters as cardiovascular 
health index in hemodialysis patients with pulmonary 
hypertension through a clinical trial Investigation.

Objectives
This double-blind clinical trial aimed to determine 
whether L-carnitine can significantly improve cardiac 
function, as measured by echocardiographic assessments, 

Implication for health policy/practice/research/medical 
education:
The implications of this study are significant for clinical 
practice and patient management in hemodialysis patients 
with pulmonary hypertension. Given the demonstrated 
positive effects of L-carnitine on cardiac function and 
hemodynamic parameters, healthcare providers may 
consider incorporating L-carnitine supplementation as part 
of a comprehensive treatment strategy to enhance cardiac 
performance and alleviate symptoms in this vulnerable 
population. Furthermore, these findings warrant further 
investigation into the long-term benefits and optimal 
dosing of L-carnitine, as well as its potential role in broader 
patient populations with cardiac dysfunction. Ultimately, 
this research could lead to improved quality of life and 
clinical outcomes for patients suffering from compromised 
cardiac function associated with chronic kidney disease 
and pulmonary hypertension.
Please cite this paper as: Mirzaali A, Mahmoodnia L, 
Nasiri M, Raeisi Shahraki H, Habibi Z. The effects of 
oral L-carnitine supplementation on echocardiographic 
parameters in hemodialysis patients with pulmonary 
hypertension; a double-blind clinical trial investigation. 
J Nephropharmacol. 2025;14(1):e12739. DOI: 10.34172/
npj.2025.12739.

and to assess its potential role in enhancing cardiovascular 
health in this high-risk patient population. The study 
seeks to provide evidence for the efficacy of L-carnitine as 
a therapeutic intervention to mitigate the cardiovascular 
complications associated with hemodialysis and 
pulmonary hypertension.

Patients and Methods
Study design and participants
This double-blind, placebo-controlled, randomized 
clinical trial study aimed to evaluate the effects of oral 
L-carnitine supplementation on echocardiographic 
parameters. The study population consists of hemodialysis 
patients diagnosed with pulmonary hypertension who 
were referred to dialysis centers located in Shahrekord 
city, Chaharmahal va Bakhtiari province, Iran, in 2022. 

Inclusion and exclusion criteria
The inclusion criteria for this study comprised individuals 
aged over 13 years, a minimum history of six months of 
hemodialysis treatment, possession of a medical record 
at the designated dialysis center, undergoing dialysis two 
to three times weekly for three to four hours per session, 
and a physician’s confirmation of the indication for oral 
L-carnitine supplementation. Additionally, participants 
were required to have no physical or mental disabilities, 
maintain a stable dry weight, and provide written 
informed consent to participate in the research. Patients 
experiencing adverse drug reactions or those who did not 
adhere to the L-carnitine administration protocol were 
excluded from the study.

https://jnephropharmacology.com/


                            Journal of Nephropharmacology, Volume 14, Issue 1, 2025https://jnephropharmacology.com 3

L-carnitine in hemodialysis

Sample size calculation
The sample size was calculated based on the expected effect 
size of L-carnitine on echocardiographic parameters, with 
a power of 80% and a significance level of 0.05 with 20 
patients in each group.

Blinding
The study was conducted as a double-blind trial; 
participants and investigators were blinded to the group 
allocation and treatment. In other words, both the 
participants and the researchers were unaware of who 
received the treatment or the placebo .

Randomization and intervention
Eligible participants will be randomly assigned (1:1) to 
receive either oral L-carnitine or placebo. Based on the 
order of selection of participants who entered the study, 
individuals whose selection order was odd were assigned 
to the intervention group, while the remaining individuals 
were placed in the control group. The L-carnitine group 
patients took one gram of L-carnitine orally, two times 
daily for 12 weeks; while placebo group patients took 
identical placebo capsules, two times daily for 12 weeks. 
Randomization was stratified by age and severity of 
pulmonary hypertension (12).

Data collection and outcomes
Demographic characteristics of the patients were collected 
using a demographic checklist. Initially, echocardiography 
was performed on the patients, and values for the ejection 
fraction (EF), systolic pulmonary artery pressure (SPAP), 
MPAP, and New York Heart Association (NYHA) 
functional class were measured. The intervention group 
received routine treatment plus 1000 mg of L-carnitine 
every 12 hours for 3 months, while the control group 
received routine treatment plus a placebo every 12 hours 
for the same period. After three months, echocardiography 
was repeated for the patients, and the echocardiographic 
parameters as well as the NYHA functional class scales 
were measured again, and compared between the two 
groups.

Statistical analysis
The data were analyzed utilizing SPSS version 27. For the 
qualitative data, the chi-square was employed to compare 
the results between the control and intervention groups. 
Quantitative data analysis by the use of the Wilcoxon 
rank-sum test, paired t-test, Mann-Whitney U test, 
and independent t-test, depending on the normality of 
data distribution. The Kolmogorov-Smirnov test was 
conducted to assess normality, and the Levene test was 
carried out for variance homogeneity evaluation. A P 
value of less than 0.05 was deemed statistically significant. 

Results
In this clinical trial study, 146 participants were evaluated 

for eligibility, out of which 106 were excluded; 79 did not 
meet the inclusion criteria, 16 declined to participate, 
and 8 had other reasons for exclusion. Following this, 
43 participants were randomized into two groups; 22 
were allocated to the intervention group and 21 to the 
control group. All 22 participants received the allocated 
intervention in the intervention group, and none were 
excluded from the analysis. In the control group, 20 
participants received the allocated intervention while one 
case did not continue due to unwillingness. Additionally, 
two participants in the intervention group discontinued 
the intervention due to non-adherence to the medication 
protocol. Ultimately, 20 participants from the intervention 
group and 20 from the control group were analyzed, with 
no participants lost to follow-up or excluded from analysis 
(Figure 1).

The demographic data of the participant individuals by 
intervention and control groups is presented in Table 1. 
The study comprised a total of 40 participants, with 20 in 
the control group and 20 in the intervention group. The 
gender distribution differed between the groups, with 65% 
males and 35% females in the control group, compared 
to 40% males and 60% females in the intervention group. 
However, this difference was not statistically significant. 
The mean age of participants was 65.10 ± 8.66 years in the 
control group and 56.35 ± 13.76 years in the intervention 
group, with a borderline significant difference.

The comparison of echocardiography parameters 
between the control and intervention groups before and 
after the intervention is summarized as follows. Before 
the intervention, the NYHA functional class scale did 
not show a significant difference between the control and 
intervention groups; however, after the intervention, a 
significant difference was observed. The ejection fraction 
was 48.75±8.09% in the control group and 53.25±5.68% 
in the intervention group before the intervention, 
with no significant difference noted. Post-intervention 
values changed to 48.00±7.67% for the control group 
and 54.25±5.44% for the intervention group, which was 
statistically significant. For SPAP, the mean difference 
between the control and intervention groups was 
statistically significant at both time points, before and after 
the intervention. Finally, the MPAP showed no significant 

Table 1. Demographic data of the participant individuals by intervention 
and control groups

Variable
Group

P valueControl (n = 20) Intervention (n = 20)
No. % No. %

Gender
Male 13 65 8 40

0.745*

Female 7 35 12 60
Mean SD Mean SD

Age (y) 65.10 8.66 56.35 13.76 0.052**

SD: Standard deviation.
*Chi-square, **Independent t test.
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difference between the control and intervention groups 
before the intervention; however, after the intervention, a 
significant difference was noted (Table 2).

The results of the data analysis indicated that, in 
the L-carnitine treatment group, echocardiographic 
parameters at three months post-intervention exhibited a 
statistically significant improvement compared to baseline 
measurements, specifically demonstrating an increase 
in ejection fraction alongside significant reductions in 

NYHA functional class, SPAP, and MPAP. Conversely, 
in the control group, there were no significant changes 
observed in the NYHA and ejection fraction metrics after 
the intervention relative to baseline; however, both SPAP 
and MPAP metrics showed a significant increase. These 
findings suggest that L-carnitine may have a beneficial 
effect on cardiac function and hemodynamic parameters 
in the treated population (Table 3).

The analysis of changes in echocardiographic 

Figure 1. CONSORT Flowchart of the study.

Table 2. Comparison of echocardiography parameters between the control and intervention groups at the times before and after the intervention

Variable

Before the intervention (group)

P value

At the end of the intervention (group)

P valueControl Intervention Control Intervention

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

NYHA 3.5 ± 0.68 3.25 ± 0.91 0.333* 3.65 ± 0.67 2.95 ± 0.88 0.008*

EF (%) 48.75 ± 8.09 53.25 ± 5.68 0.050** 48.00 ± 7.67 54.25 ± 5.44 0.005**

SPAP (mm Hg) 36.55 ± 4.78 41.10 ± 5.31 0.007** 38.15 ± 4.80 33.65 ± 8.64 0.049**

MPAP (mm Hg) 26.45 ± 4.85 29.15 ± 3.52 0.051** 28.00 ± 5.40 24.20 ± 2.98 0.011**

SD, Standard deviation; NYHA, New York Heart Association; EF, Ejection fraction; SPAP, Systolic pulmonary artery pressure; MPAP, Mean pulmonary 
artery pressure.
*Independent t-test, **Mann-Whitney.
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parameters from pre-intervention to three months post-
L-carnitine consumption revealed significant differences 
between the intervention and control groups across all four 
parameters, including NYHA functional class, ejection 
fraction, SPAP, and MPAP. Specifically, the intervention 
group demonstrated a significantly positive increase in 
ejection fraction compared to the control group, while 
the changes in NYHA functional class, SPAP, and MPAP 
were negative, indicating significant reductions in these 
parameters within the intervention group relative to the 
control group (Table 4).

Discussion
This study aimed to evaluate the effects of oral L-carnitine 
supplementation on echocardiographic parameters in 
hemodialysis patients with pulmonary hypertension and 
provides compelling evidence regarding the potential 
benefits of L-carnitine in this specific patient population. 
The results demonstrated that the echocardiographic 
parameters in patients consuming L-carnitine revealed 
significant differences when compared to a control 
group, particularly in four key metrics, including NYHA 
functional class, ejection fraction, SPAP, and MPAP. These 
findings indicate a noteworthy improvement in ejection 
fraction among the intervention group, suggesting 
enhanced cardiac function, while the NYHA functional 
class, SPAP, and MPAP showed negative changes, reflecting 
a decrease in these parameters and an improvement in 
pulmonary hypertension.

The significant increase in ejection fraction within the 
intervention group is a critical finding, as ejection fraction 
is a key indicator of cardiac systolic function. An increase 
in ejection fraction suggests that L-carnitine may enhance 
the heart’s pumping ability, which is particularly beneficial 
for patients with compromised cardiac function. Previous 
studies support this observation; a meta-analysis study 
by Weng et al in line with our results indicated that 
L-carnitine supplementation can lead to improved cardiac 
output and overall heart function, especially in conditions 
like dilated cardiomyopathy (13). In a study conducted 
by Kudoh et al, the effects of a daily dosage of 900 mg 
of L-carnitine were compared to a placebo in patients 
undergoing hemodialysis. The findings indicated a 
significant increase in ejection fraction among those who 
received L-carnitine, aligning with the outcomes observed 
in our research (14). In another study by Omori et al, 
the results indicated that L-carnitine can reduce cardiac 
fibrosis by enhancing the production of prostacyclin 
through the metabolism of arachidonic acid, a process 
that may contribute to improved left ventricular ejection 
fraction (15). However, in contrast with our study, a study 
by Topaloğlu et al on children undergoing hemodialysis, 
the administration of intravenous L-carnitine at a dose of 
4.0-20 mg/kg three times a week over 3 months did not 
show a significant improvement in left ventricular systolic 
and diastolic function, including ejection fraction (16). 

While the increase in ejection fraction is encouraging, 
the negative changes observed in NYHA functional 

Table 3. Analysis of echocardiography parameters within the control and intervention groups by comparing post-intervention measurements to pre-intervention

Variable

Control group

P value

Intervention group

P valueBefore After Before After

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

NYHA 3.5 ± 0.68 3.65 ± 0.67 0.083* 3.25 ± 0.91 2.95 ± 0.88 0.010*

EF (%) 48.75 ± 8.09 48.00 ± 7.67 0.083** 53.25 ± 5.68 54.25 ± 5.44 0.042**

SPAP (mm Hg) 36.55 ± 4.78 38.15 ± 4.80 0.001** 41.10 ± 5.31 33.65 ± 8.64 <0.001**

MPAP (mm Hg) 26.45 ± 4.85 28.00 ± 5.40 0.001** 29.15 ± 3.52 24.20 ± 2.98 <0.001**

SD, Standard deviation; NYHA, New York Heart Association; EF, Ejection fraction; SPAP, Systolic pulmonary artery pressure; MPAP, Mean pulmonary 
artery pressure.
*Paired t-test, **Wilcoxon.

Table 4. The comparative analysis of changes in echocardiographic parameters from pre-intervention to post-intervention, between the control and intervention 
groups.

Variable
Control group Intervention group Mean difference

P value
Mean ± SD Mean ± SD Mean

NYHA + 0.15 ± 0.36 - 0.30 ± 0.47 0.45 0.002*

EF (%) - 0.75 ± 1.83 + 1.00 ± 2.52 1.75 0.007**

SPAP (mm Hg) + 1.6 ± 1.90 - 7.45 ± 7.46 9.10 <0.001**

MPAP (mm Hg) + 1.55 ± 1.79 - 4.95 ± 1.57 6.50 <0.001**

SD, Standard deviation; NYHA, New York Heart Association; EF, Ejection fraction; SPAP, Systolic pulmonary artery pressure; MPAP, Mean pulmonary 
artery pressure.
*Independent t-test, **Mann-Whitney.
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class, SPAP, and MPAP warrant careful consideration. A 
reduction in NYHA functional class indicates that patients 
may experience fewer limitations in their daily activities, 
which is a positive outcome. However, the decrease in SPAP 
and MPAP suggests that L-carnitine may have a beneficial 
effect on pulmonary hemodynamics, reducing the strain 
on the heart. This is particularly relevant in patients with 
pulmonary hypertension, as elevated pulmonary pressures 
can lead to significant morbidity. In line with our results, 
in a study by Jing et al on patients with chronic heart 
failure, it was observed that receiving L-carnitine (3 grams 
dissolved in 100 mL saline administered intravenously 
twice daily for 7 days) led to a reduction of at least one 
NYHA class in 60.9% of the L-carnitine group compared 
to 44.7% of the placebo group, which was a statistically 
significant difference. However, these researchers did not 
observe a significant improvement in ejection fraction 
and the incidence of cardiovascular events (17). In a 
meta-analysis study on randomized clinical trial studies 
by Song et al on patients with chronic heart failure, it was 
observed that the administration of L-carnitine (1.5 to 6 
grams per day) led to significant improvements in cardiac 
function, including a reduction in NYHA functional 
class, an increase in ejection fraction and cardiac output 
(18). The observed reductions in SPAP and MPAP could 
be indicative of improved right ventricular function and 
reduced pulmonary vascular resistance, which are crucial 
for patients with pulmonary hypertension. These changes 
may also reflect a decrease in the workload on the heart, 
potentially leading to better clinical outcomes over time.

Overall, the findings from this study suggest that 
L-carnitine supplementation could be a valuable 
therapeutic strategy for managing cardiac function in 
hemodialysis patients with pulmonary hypertension. The 
combination of improved ejection fraction and favorable 
changes in NYHA functional class and pulmonary 
pressures highlights the potential for L-carnitine to 
enhance the quality of life and reduce the burden of 
heart failure symptoms in this vulnerable population. 
Despite the promising results, further research is essential 
to fully understand the implications of L-carnitine 
supplementation in this context. Future studies should 
focus on larger cohorts and longer follow-up periods 
to assess the long-term effects of L-carnitine on cardiac 
function, exercise capacity, and overall survival in 
hemodialysis patients. Additionally, exploring the optimal 
dosing strategies and potential interactions with other 
treatments commonly used in this population could 
provide valuable insights for clinical practice.

Conclusion
The results demonstrated that oral L-carnitine 
supplementation can lead to significant improvements in 
echocardiographic parameters in hemodialysis patients 
with pulmonary hypertension. The increase in ejection 
fraction, alongside reductions in NYHA functional class, 

SPAP, and MPAP, underscores the potential of L-carnitine 
as an adjunctive therapy to improve cardiac function 
and patients’ quality of life. However, further research is 
needed to validate these findings and optimize treatment 
strategies for this complex patient population. 

Limitations of the study
Firstly, the research was conducted at a single center in 
Shahrekord City, which may limit the applicability of the 
results to other populations or geographical regions. The 
inclusion criteria restricted participants to those aged 
over 13 years, potentially excluding younger patients and 
limiting the age diversity of the sample. Additionally, 
the requirement for a minimum of six months of 
hemodialysis treatment may not adequately represent the 
varying stages of disease progression among patients. The 
study also lacks a comprehensive assessment of dietary 
intake, which could influence baseline L-carnitine levels 
and the efficacy of supplementation. Furthermore, the 
short follow-up period of three months may not capture 
the long-term effects of L-carnitine supplementation, 
and the exclusion of patients with physical or mental 
disabilities could introduce selection bias. Together, these 
limitations suggest that further research is needed to 
validate the findings and explore the broader implications 
of L-carnitine supplementation in diverse patient 
populations.
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