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Abstract

Context: Patients receiving chronic hemodialysis experience a wide spectrum of complications driven by persistent oxidative stress, inflammation, metabolic

abnormalities, and neurological disturbances. As interest in pharmacological and nutraceutical interventions increases, a comprehensive mapping of the

existing evidence is needed to clarify therapeutic potential and guide future research.

Evidence Acquisition: This scoping review followed the Arksey and O'Malley framework and the Joanna Briggs Institute methodology. A comprehensive

search of PubMed, Scopus, Web of Science, Embase, Cochrane Library, Google Scholar, and medRxiv was conducted to identify studies published between January

1, 2000, and December 31, 2025. Eligible studies included clinical trials and observational studies evaluating pharmacological or nutraceutical interventions in

adult hemodialysis patients. Two reviewers independently performed study selection and data extraction using predefined PCC-based eligibility criteria.

Extracted data included study characteristics, intervention details, targeted complications, and outcomes. An optional quality appraisal was conducted using

the Mixed Methods Appraisal Tool. Owing to heterogeneity across studies, findings were synthesized narratively.

Results: A total of 18 studies met the inclusion criteria and were included in the final analysis. Interventions such as omega-3 fatty acids and gabapentin were

associated with improvements in uremic pruritus, whereas melatonin was associated with improved sleep quality and regulation of circadian rhythms.

Antioxidant therapies, including N-acetylcysteine, vitamin C, coenzyme Q10, alpha-lipoic acid, and green tea extract, were reported to reduce oxidative stress

markers; however, effect sizes varied by dosage, duration, and study design. Evidence for cardiovascular and metabolic outcomes remained limited, and several

clinically important complications, including arrhythmias, were inadequately studied. Substantial heterogeneity in outcome measures limited cross-study

comparisons.

Conclusions: Pharmacological and nutraceutical interventions show potential for managing several hemodialysis-related complications, particularly

pruritus, sleep disturbances, and oxidative stress. However, the evidence base is limited by small sample sizes, methodological heterogeneity, and inconsistent

reporting. Future research should prioritize large, rigorously designed randomized trials, standardized outcome frameworks, and broader geographic

representation to improve the generalizability of the findings and support more effective patient-centered care.
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1. Context

Chronic kidney disease (CKD) has emerged as a major

global health challenge, with a steadily increasing
prevalence driven by aging populations, rising rates of

diabetes and hypertension, and improved survival
among patients with chronic illnesses (1). As CKD

progresses to end-stage renal disease (ESRD), renal

replacement therapy becomes essential for survival, and
hemodialysis remains the most widely used modality

worldwide (2). Although hemodialysis effectively

removes metabolic waste products and maintains fluid
and electrolyte balance, it does not fully replicate the

complex physiological functions of the kidneys.
Consequently, patients undergoing long-term

hemodialysis experience a wide range of metabolic,

cardiovascular, inflammatory, and neurological
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complications that substantially impair quality of life

and increase morbidity and mortality (3).

One of the most prominent pathophysiological

disturbances in patients receiving hemodialysis is

oxidative stress, which results from an imbalance

between the production of reactive oxygen species and

the body’s antioxidant defenses. Hemodialysis

procedures, bioincompatible membranes, chronic

inflammation, and uremic toxins all contribute to

increased oxidative stress in this population (4).

Elevated oxidative stress has been linked to endothelial

dysfunction, accelerated atherosclerosis, anemia, and

increased cardiovascular risk, making it an important

therapeutic target (5). Accordingly, several

pharmacological agents and nutraceutical

supplements, such as L-carnitine, N-acetylcysteine,

omega-3 fatty acids, and melatonin, have been evaluated

in different study designs for their potential to

modulate oxidative stress and related clinical outcomes

(6, 7).

In addition to oxidative stress, metabolic
complications such as anemia, microalbuminuria,

dyslipidemia, and disturbances in calcium-phosphate

homeostasis are highly prevalent among hemodialysis

patients (8). These abnormalities contribute to

cardiovascular disease, hospitalization, and reduced
survival. Several pharmacological strategies, including

erythropoiesis-stimulating agents, vitamin D analogs,

phosphate binders, and anti-inflammatory agents, have

been evaluated in interventional and observational

studies, primarily targeting metabolic and
inflammatory parameters (9). In parallel, nutraceuticals

have received increasing attention as adjunctive

approaches, largely because of their proposed

antioxidant, anti-inflammatory, and

immunomodulatory properties, although the scope and

strength of the evidence vary considerably across

interventions and outcomes (10).

Cardiovascular complications remain the leading

cause of death in hemodialysis patients and account for

a substantial proportion of overall mortality in this

population (11). Hemodynamic instability during
dialysis, electrolyte shifts, chronic inflammation, and

structural heart disease contribute to a spectrum of
cardiovascular manifestations, including arrhythmias,

sudden cardiac death, and heart failure. Various

strategies, ranging from modifications of dialysis
parameters to pharmacological and supplement-based

interventions, have been investigated in this context;
however, the available interventional evidence,

particularly for arrhythmia-related outcomes, remains

limited and heterogeneous (12). Similarly, neurological

and neuromuscular complications, including restless

legs syndrome and sleep disturbances, are common and

often debilitating. A limited number of agents, such as
gabapentin and melatonin, have been studied, mainly

in relatively small trials, with a primary focus on
symptom relief rather than hard clinical endpoints (13).

Another distressing complication frequently

reported by hemodialysis patients is uremic pruritus, a

chronic and often severe itching sensation that

substantially reduces quality of life. Although its

pathogenesis is multifactorial and involves

inflammation, neuropathy, and metabolic disturbances,

a range of pharmacological and nutraceutical

interventions, including omega-3 fatty acids,

antihistamines, gabapentinoids, and anti-inflammatory

agents, have been examined, with variable results across

studies (7, 10). Overall, the existing literature is

fragmented across therapeutic categories, study

designs, and outcome measures, making it difficult to

obtain a coherent overview of the field.

Given the diversity of complications experienced by
hemodialysis patients and the wide range of

pharmacological and nutraceutical interventions

studied, comprehensive mapping of the existing

evidence is needed. A scoping review is particularly well

suited for this purpose because it systematically
explores the breadth and nature of the available

literature, clarifies key concepts, and identifies

knowledge gaps rather than determining effectiveness

or establishing causal inferences. Unlike traditional

systematic reviews, which focus on narrowly defined
clinical questions, scoping reviews provide an overview

of the evidence landscape across heterogeneous

sources.

The present study aimed to map the existing

literature on pharmacological and nutraceutical

interventions used to manage complications in chronic
hemodialysis patients. By charting the types of

interventions studied, outcomes assessed, and the main

areas of research concentration and scarcity, this review

provides a descriptive overview of the field and informs

future research directions, thereby supporting
clinicians, researchers, and policymakers in developing

more evidence-informed approaches to improving care
and quality of life for individuals undergoing long-term

hemodialysis.

2. Evidence Acquisition

2.1. Study Design and Protocol

This scoping review was conducted in accordance

with the methodological framework proposed by Arksey

https://brieflands.com/journals/jjnpp/articles/169205
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and O'Malley and further refined by the Joanna Briggs

Institute for scoping reviews (14). The review process

followed 5 recommended stages: identifying the

research question, identifying relevant studies,

selecting studies, charting the data, and synthesizing
and reporting the results. The purpose of this review

was to map the existing evidence on pharmacological

and nutraceutical interventions used to manage

complications in adult patients undergoing chronic

hemodialysis.

A review protocol was developed a priori to guide the

methods and eligibility criteria and to enhance

methodological transparency. However, the protocol

was not registered in an external registry such as

PROSPERO or the Open Science Framework. To minimize

the risk of post hoc modifications, the eligibility criteria,

search strategy, and data extraction framework were

defined before study selection commenced and were

applied consistently throughout the review process.

2.2. Search Strategy

A comprehensive search strategy was developed in

collaboration with an experienced medical librarian to

ensure sensitivity and reproducibility. Seven electronic

databases were searched: PubMed, Scopus, Web of

Science, Embase, Cochrane Library, Google Scholar, and

medRxiv. The search covered studies published between

January 1, 2000, and December 31, 2025. MeSH terms and

free-text keywords were used and combined with

Boolean operators (AND, OR). In addition to general

terms such as hemodialysis, drug therapy, and

nutraceuticals, the strategy was designed to capture a
broad range of complications and intervention types

relevant to this field. The final searches across all
databases were conducted in December 2025 before

manuscript submission, and no additional updates

were performed thereafter.

The complete search strings for each database are

presented in Table 1 to ensure reproducibility. No

language filters other than English were applied. In

addition, the reference lists of included studies were

screened manually to identify additional relevant

publications.

2.3. Eligibility Criteria

Eligibility criteria were defined using the PCC

(Population-Concept-Context) framework

recommended for scoping reviews.

Population: Adults aged 18 years or older undergoing

chronic hemodialysis.

Concept: Any pharmacological or nutraceutical

intervention aimed at preventing, reducing, or

managing complications such as oxidative stress,

inflammation, pruritus, cardiovascular manifestations,

metabolic disturbances, anemia, or neurological
symptoms.

Context: Clinical, outpatient, or dialysis center

settings without geographic restrictions.

Inclusion criteria were limited to interventional

studies, including randomized controlled trials and

non-randomized clinical intervention studies,
published between 2000 and 2025, and reporting at

least 1 clinical, biochemical, or patient-reported

outcome related to the intervention. Observational

studies, including cohort, case-control, and cross-

sectional studies; review articles; editorials; conference
abstracts; animal studies; pediatric studies; non-English

publications; and studies lacking a relevant

pharmacological or nutraceutical intervention or

outcome were excluded. Although observational studies

were identified during the initial search, they were

excluded during full-text screening to ensure

consistency with the predefined scope of interventional

evidence mapping.

2.4. Study Selection

All retrieved records were imported into EndNote for

duplicate removal. Two reviewers independently

screened titles and abstracts against the eligibility

criteria. Full texts of potentially relevant studies were

then assessed independently by the same reviewers.
Disagreements were resolved through discussion or

consultation with a third reviewer.

Reasons for exclusion at the full-text stage were

documented, including non-interventional study

design, absence of a pharmacological or nutraceutical

intervention, lack of relevant outcomes, non-

hemodialysis populations, or insufficient

methodological detail. The study selection process is

summarized in a PRISMA-ScR flow diagram, and the final

set of included studies comprises only those meeting all

eligibility criteria.

2.5. Data Extraction

A standardized data extraction form was developed

to ensure consistency across studies. Extracted variables

included author, year, country, study design, sample

size, patient characteristics, type of intervention, dosage

and duration, targeted complication, outcome

measures (clinical, biochemical, or patient-reported),

and key findings. Data extraction was performed

https://brieflands.com/journals/jjnpp/articles/169205


Hashemi S et al. Brieflands

4 Jundishapur J Nat Pharm Prod. 2026; 21(1): e169205

Table 1. Search Strategies Used for Each Database

Database Search Strategy
Date

Searched

PubMed
("Hemodialysis"[MeSH] OR "Renal Dialysis") AND ("Pharmacological Treatment" OR "Drug Therapy" OR "Nutraceuticals" OR "Dietary
Supplements") AND ("Complications" OR "Oxidative Stress" OR "Pruritus" OR "Arrhythmia" OR "Inflammation") Dec 2025

Scopus TITLE-ABS-KEY (hemodialysis AND (pharmacological OR nutraceutical OR supplement) AND (complication OR oxidative stress OR pruritus OR
inflammation))

Dec 2025

Web of
Science

TS=(hemodialysis AND (drug therapy OR nutraceutical OR supplement) AND (complication OR oxidative stress OR cardiovascular OR
pruritus))

Dec 2025

Embase
('hemodialysis'/exp AND ('drug therapy'/exp OR 'nutraceutical'/exp OR 'dietary supplement'/exp) AND ('complication'/exp OR 'oxidative
stress'/exp OR 'arrhythmia'/exp)) Dec 2025

Cochrane
Library

(hemodialysis AND (drug OR supplement OR nutraceutical) AND (complication OR oxidative stress OR pruritus)) Dec 2025

Google
Scholar

"hemodialysis" AND ("drug therapy" OR "nutraceutical" OR "supplement") AND ("complications" OR "oxidative stress" OR "pruritus") Dec 2025

medRxiv hemodialysis AND (drug OR supplement OR nutraceutical) Dec 2025

independently by 2 reviewers, and discrepancies were

resolved by consensus. When necessary, corresponding

authors were contacted to obtain missing information,

and the availability of additional data was documented.

2.6. Quality Assessment

Although methodological quality appraisal is not

mandatory for scoping reviews, an optional assessment

was conducted to enhance the interpretability of the

evidence. The Mixed Methods Appraisal Tool was used to

evaluate the methodological characteristics of the

included studies. Each study was independently

assessed by 2 reviewers across relevant Mixed Methods

Appraisal Tool domains, including clarity of research

questions, appropriateness of study design, outcome

measurement, and risk of bias.

Quality assessment results were not used to exclude

studies. Instead, they were summarized descriptively to

highlight overall methodological strengths and

recurring limitations of the included evidence and are

reported in the Results and Conclusions sections.

2.7. Data Synthesis

Given heterogeneity in study designs, interventions,

and outcomes, a narrative synthesis approach was

adopted. Findings were organized thematically

according to 1) type of intervention (pharmacological vs

nutraceutical) and 2) targeted clinical complication,

such as oxidative stress, pruritus, cardiovascular

manifestations, metabolic disturbances, and

neurological symptoms. Classification of interventions

was based on the mode of administration and intended

therapeutic role within each individual study rather

than formal regulatory status. Tables and descriptive

mappings were used to summarize the breadth of

evidence, highlight areas of research concentration, and

identify knowledge gaps without drawing conclusions

regarding effectiveness or causality.

3. Results

3.1. Study Identification and Screening

A comprehensive search was conducted across 7

major databases, including PubMed, Scopus, Web of

Science, Embase, the Cochrane Library, Google Scholar,

and medRxiv, covering studies published between 2000

and 2025. This search yielded 978 records. After

duplicate removal, 812 unique records remained and

were screened based on titles and abstracts.

Of these, 686 records were excluded because they

were not relevant to the scope of the review, used a non-

interventional design, included populations other than

adult hemodialysis patients, or did not report outcomes

aligned with the objectives of this review.

Subsequently, 126 full-text articles were assessed for

eligibility. Among these, 108 studies were excluded for

the following reasons: non-interventional methodology

(n = 41), inappropriate study population (n = 27),

absence of relevant clinical, biochemical, or patient-

reported outcomes (n = 22), and insufficient

methodological detail or incomplete data (n = 18).

Review articles, narrative syntheses, and studies not

meeting the predefined pharmacological or

nutraceutical intervention criteria were also excluded at

this stage in accordance with the eligibility framework.

Ultimately, 18 studies met all predefined inclusion

criteria regarding study design, target population,
intervention type, and outcome relevance and were

included in the final synthesis. All included studies were

interventional and comprised randomized controlled

https://brieflands.com/journals/jjnpp/articles/169205
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Figure 1. PRISMA flow diagram for study selection

trials or non-randomized clinical intervention studies.

These 18 studies constitute the complete evidence base

mapped in this scoping review (Figure 1).

3.2. Characteristics of Included Studies

The final synthesis comprised 18 studies published

between 2000 and 2025 and representing a wide

geographical distribution, including Iran, Egypt, the

Netherlands, Germany, Japan, Brazil, Taiwan, Belgium,

Hong Kong, India, and the United States. Most studies

used a randomized controlled trial (RCT) design, with

several using crossover methodologies. Observational

studies and review articles were excluded in accordance

with the eligibility criteria. Sample sizes varied

substantially, ranging from 30 to 134 participants,

reflecting differences in study scope and feasibility

across settings. Interventions included both

pharmacological agents, such as gabapentin, melatonin,

and N-acetylcysteine, and nutraceutical or antioxidant

supplements, such as omega-3 fatty acids, vitamin C,

coenzyme Q10, alpha-lipoic acid, green tea extract, and L-

carnitine. The targeted clinical conditions included

uremic pruritus, sleep disturbances, oxidative stress,

inflammation, muscle cramps, endothelial dysfunction,

cardiovascular outcomes, and quality-of-life

impairments. A detailed summary of the characteristics

of all included studies is presented in Table 2.

3.3. Classification of Pharmacological Interventions

Across the included studies, pharmacological

interventions were grouped into 3 major categories:

anti-inflammatory and antioxidant agents, neurological

agents, and cardiovascular/metabolic agents.

Anti-inflammatory and antioxidant therapies,

including N-acetylcysteine, vitamin C, coenzyme Q10,
alpha-lipoic acid, and green tea extract, were primarily

evaluated for their effects on oxidative stress,

inflammation, endothelial function, and cardiovascular

markers. L-carnitine was analyzed only under

nutraceutical interventions based on study design.

https://brieflands.com/journals/jjnpp/articles/169205
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Table 2. General Characteristics of Included Studies

References Year Country Study Design Sample Size Intervention Type Target Condition

(15) 2024 Iran RCT 60 Supplement Pruritus

(16) 2025 Egypt RCT (crossover) 40 Drug vs supplement Pruritus

(17) 2019 Iran RCT 50 Supplement Pruritus

(18) 2009 Netherlands RCT (crossover) 40 Drug Sleep disturbance

(19) 2025 Brazil RCT 80 Drug Dyslipidemia/cardiovascular risk

(20) 2003 Germany RCT 80 Drug Cardiovascular outcomes

(21) 2007 Taiwan RCT 47 Supplement Oxidative stress

(22) 2025 Iran RCT 36 Supplement Lipid profile, sleep quality, quality of life

(23) 2009 Iran RCT 50 Drug Pruritus

(24) 2013 Netherlands RCT 40 Drug Sleep-wake rhythm

(25) 2004 Turkey RCT 34 Drug Pruritus

(26) 2010 Taiwan RCT 60 Drug Oxidative stress, inflammation

(27) 2014 Iran RCT 45 Supplement Serum uric acid

(28) 2001 USA RCT 80 Supplement Exercise performance

(29) 2000 Israel RCT 134 Supplement Cardiovascular outcomes

(30) 2014 Multinational RCT 420 Supplement Chronic heart failure outcomes

(31) 2021 China RCT 80 Supplement Oxidative stress, endothelial function

(32) 2006 India RCT 60 Supplement L-carnitine, quality of life

Neurological agents, particularly gabapentin and

melatonin, were investigated mainly for the

management of uremic pruritus and sleep

disturbances.

Cardiovascular and metabolic agents included mixed

antioxidant therapies assessed for vascular function,

lipid profile, and exercise performance.

Study quality, assessed using the Mixed Methods

Appraisal Tool, was generally moderate to high. Most

randomized controlled trials demonstrated adequate

methodological rigor, whereas a few crossover trials

reported minor limitations in blinding or outcome

reporting. The dosage, duration, measured outcomes,

and key findings for each pharmacological category are

summarized in Table 3. Interpretation is descriptive; no

conclusions regarding efficacy are implied.

3.4. Classification of Nutraceutical Interventions

The nutraceutical interventions identified in the

included studies were grouped into 3 major categories:

omega-3 fatty acids, melatonin when studied as a

supplement, and L-carnitine.

Omega-3 fatty acids were primarily evaluated for

uremic pruritus, systemic inflammation, and lipid

profile modulation, with studies reporting descriptive

reductions in pruritus severity and improvements in

inflammatory markers (15-17).

Melatonin, when used as a nutraceutical, was

investigated mainly for sleep regulation, with

additional assessments of inflammatory biomarkers

and hematologic indices. Studies indicated descriptive

improvements in sleep quality and circadian rhythm

regulation among hemodialysis patients (18, 24).

L-carnitine, examined as a nutraceutical, was

associated with descriptive reductions in fatigue and

oxidative stress, contributing to improved functional

status and exercise tolerance in dialysis patients (19, 32).

Study quality, assessed using the Mixed Methods

Appraisal Tool, was generally moderate to high across

these nutraceutical studies, with minor limitations in

sample size or blinding noted in a few trials. A visual

summary of these nutraceutical categories and their

primary clinical effects is presented in Figure 2.

3.5. Overview of Nutraceutical Interventions

A structured summary of nutraceutical interventions

evaluated in the 18 included studies is presented here.

These interventions were grouped into 3 main

categories: omega-3 fatty acids, melatonin, and L-

carnitine.

Omega-3 fatty acids were primarily investigated for

their effects on uremic pruritus, inflammatory markers

such as CRP and IL-6, and lipid profile modulation (15, 16,

17).

Melatonin was assessed mainly for sleep quality,

sleep efficiency, and its potential impact on

https://brieflands.com/journals/jjnpp/articles/169205
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Table 3. Summary of Pharmacological Interventions, Dosage, Outcomes, and Main Findings

Drug / Category
Number of

Studies Dosage & Duration Measured Outcomes Main Findings

N-acetylcysteine (anti-
inflammatory/antioxidant) 2

600 mg BID for 8 weeks; 600 mg
daily for 12 weeks

Oxidative stress (MDA, TAC),
CRP, CV events

Significant reduction in oxidative stress
and CRP; reduced cardiovascular events

L-carnitine (antioxidant/metabolic) 2
1 g IV after dialysis 3 times/week for
12 weeks; 20 mg/kg IV for 24 weeks

Muscle cramps, exercise
performance, QoL

Reduced muscle cramps; improved
exercise tolerance

Vitamin C (antioxidant) 1 250 mg IV 3 times/week for 8 weeks
Oxidative stress, vitamin C
deficiency

Improved oxidative stress markers;
corrected deficiency

Coenzyme Q10 (antioxidant) 1 100 mg/day for 12 weeks
Oxidative stress, vascular
markers

Reduced oxidative stress; improved
vascular function

Alpha-lipoic acid (antioxidant) 1 600 mg/day for 8 weeks Endothelial function
Significant improvement in endothelial
function

Green tea extract
(metabolic/antioxidant)

1 455 mg/day for 12 weeks Oxidative stress, lipid profile,
atherosclerotic markers

Reduced oxidative stress; improved lipid
profile

Gabapentin (neurological) 3
100 - 300 mg after dialysis 3
times/week for 4 weeks; 300
mg/day for 4 weeks

Pruritus severity, sleep
quality, QoL

Marked reduction in pruritus; improved
sleep; superior to omega-3 in a crossover
study

Melatonin (neurological/sleep agent) 2 3 mg nightly for 4 - 6 weeks Sleep quality, circadian
rhythm

Improved sleep-wake rhythm and sleep
quality

Antioxidants affecting cardiovascular
outcomes (mixed agents)

2
Various agents, including vitamin
C, NAC, and CoQ10

BP, endothelial function, CV
markers

Improved vascular function and reduced
CV risk

Figure 2. Summary of Nutraceutical Interventions and Their Clinical Effects

inflammatory biomarkers and hematologic indices (18,

24).

L-carnitine, when used as a nutraceutical, was

reported in relation to fatigue, functional capacity, and

oxidative stress markers (19, 32).

All outcomes are reported descriptively, without

claims regarding efficacy, and reflect the diverse clinical

complications addressed across the included studies

(Table 4).

3.6. Categorization of Findings by Clinical Outcomes

Findings from the 18 included studies were organized

according to the primary clinical outcomes they aimed

to address. Outcome-based categorization enables

readers to identify which interventions were explored

https://brieflands.com/journals/jjnpp/articles/169205
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Table 4. Summary of Nutraceutical Interventions and Their Clinical Outcomes

Nutraceutical Clinical Outcomes Assessed

Omega-3 Fatty Acids Uremic pruritus; inflammatory markers (eg, CRP, IL-6); lipid profile (TG, HDL, LDL)

Melatonin Sleep quality and sleep efficiency; inflammatory markers; hematologic indices

L-carnitine Fatigue and functional capacity; oxidative stress markers

Table 5. Categorization of Interventions Based on Targeted Clinical Outcomes

Outcome Category Key Biomarkers/Measures Effective Interventions Summary of Findings

Oxidative Stress and
Inflammation

MDA, TAC, SOD, CRP
N-acetylcysteine, vitamin C, CoQ10,
alpha-lipoic acid, green tea extract

Most studies showed reduced oxidative stress; some neutral
results depended on dose and duration (20, 21, 26, 27, 29, 30)

Cardiovascular
Complications

Arrhythmia, blood pressure,
endothelial markers

N-acetylcysteine, CoQ10, vitamin C
Improved endothelial function and reduced inflammation;
limited evidence on arrhythmia outcomes (20, 29, 30)

Uremic Pruritus VAS, NRS, 5D-Itch Scale Omega-3, gabapentin
Significant reduction in pruritus severity in most studies (15,
16, 17, 23, 25)

Sleep and Neurological
Disorders

PSQI, ESS, RLS index Melatonin, gabapentin
Improved sleep quality and reduced RLS symptoms; better
sleep-wake regulation (18, 23, 24, 25)

Metabolic Disturbances Microalbuminuria, hemoglobin,
albumin, serum iron

L-carnitine, vitamin C Mixed findings; some improvements in hematologic and
metabolic markers (19, 27, 28, 32)

for specific complications and to discern patterns in the

available evidence without implying definitive efficacy.

As summarized in Table 5, the studies focused on 5

major outcome domains: oxidative stress and

inflammation, cardiovascular complications, uremic

pruritus, sleep and neurological disorders, and

metabolic disturbances.

Oxidative stress and inflammation: Several studies

assessed interventions targeting oxidative stress using

biomarkers such as malondialdehyde (MDA), total

antioxidant capacity (TAC), and superoxide dismutase

(SOD). Both pharmacological and nutraceutical agents,

including N-acetylcysteine, vitamin C, coenzyme Q10,

alpha-lipoic acid, and green tea extract, were frequently

studied (20, 21, 26, 27, 29, 30). Most studies reported

reductions in MDA and improvements in TAC and SOD,

whereas a few trials showed neutral results, likely due to

differences in dosage, treatment duration, or baseline

oxidative stress levels.

Cardiovascular complications: Outcomes included

arrhythmia frequency, blood pressure, and endothelial

or inflammatory cardiac markers. Antioxidant-based

interventions, particularly N-acetylcysteine and

coenzyme Q10, were associated with improvements in

endothelial function and reductions in inflammatory

markers in some studies (20, 29, 30). Modest changes in

systolic blood pressure or arrhythmia burden were

reported, but the evidence remains limited and

heterogeneous.

Uremic pruritus: Interventions such as omega-3 fatty

acids and gabapentin were evaluated using validated

scales, including the Visual Analog Scale, Numeric

Rating Scale, and 5D-Itch Scale (15 - 17, 23, 25). Most

studies reported reductions in itching severity, although

effect sizes varied, and some studies noted mild or non-

significant improvements.

Sleep and neurological disorders: Sleep disturbances,

restless legs syndrome, and other neurological

symptoms were assessed using instruments such as the

Pittsburgh Sleep Quality Index, Epworth Sleepiness

Scale, and restless legs syndrome severity indices (18, 23-

25). Melatonin was generally associated with

improvements in sleep quality and circadian rhythm,

whereas gabapentin was linked to reductions in restless

legs syndrome symptoms and enhanced sleep

continuity.

Metabolic disturbances: Outcomes included

microalbuminuria, hemoglobin, serum albumin, and

iron indices (19, 27, 28, 32). Interventions such as L-

carnitine and vitamin C showed variable effects across

studies, with some reporting improvements in

hematologic or metabolic markers. Evidence in this

domain was limited and inconsistent, highlighting the

need for further research (Table 5).

3.7. Research Gaps

Based on the mapped evidence from the 18 included

interventional studies (15-32), several notable research

gaps were identified, underscoring the need for more

rigorous and standardized investigations in the field of

https://brieflands.com/journals/jjnpp/articles/169205


Hashemi S et al. Brieflands

Jundishapur J Nat Pharm Prod. 2026; 21(1): e169205 9

pharmacological and nutraceutical interventions for

chronic hemodialysis complications.

1) Limited sample sizes and study design: There is a

lack of large, well-designed randomized controlled

trials; most studies had small sample sizes, limiting

generalizability and statistical power.

2) Heterogeneity in interventions: Considerable

variation exists in the dosage, formulation, and
duration of pharmacological and nutraceutical

interventions, complicating cross-study comparisons

and precluding the identification of optimal
therapeutic regimens.

3) Underexplored clinical outcomes: Specific

complications, particularly cardiovascular outcomes

such as arrhythmias, remain underexplored. Some

metabolic and neurological outcomes were studied

inconsistently.

4) Limited geographical representation: Most studies

were conducted in high-income countries. Research

from low- and middle-income settings, where CKD

burden, dialysis accessibility, and patient characteristics

differ, is scarce, restricting the global applicability of

current evidence.

5) Non-standardized outcome measures: Studies used

diverse biochemical markers, clinical scales, and

patient-reported outcomes, hindering synthesis and the
identification of consistent trends across interventions.

Addressing these gaps through larger,

methodologically robust trials, harmonized outcome

measures, and the inclusion of diverse populations is

essential to advance evidence-informed strategies for

managing complications in chronic hemodialysis

patients.

4. Discussion

The findings of this scoping review highlight the

growing interest in pharmacological and nutraceutical

interventions aimed at mitigating the diverse

complications experienced by patients undergoing

chronic hemodialysis. As the global burden of CKD

continues to rise (1, 2), the need for effective adjunctive

therapies to improve patient outcomes has become

increasingly urgent. Hemodialysis, although life-

sustaining, does not fully replace the metabolic,

endocrine, and immunological functions of the kidneys,

resulting in persistent oxidative stress, cardiovascular

instability, pruritus, sleep disturbances, and metabolic

abnormalities (3, 4). The interventions identified in this

review reflect efforts to address these multifactorial

complications through targeted biochemical and

physiological pathways.

A major theme emerging from the included studies

is the central role of oxidative stress and inflammation

in the pathophysiology of hemodialysis-related

complications. Several antioxidants, including N-

acetylcysteine, vitamin C, coenzyme Q10, alpha-lipoic

acid, and green tea extract, improved oxidative

biomarkers such as MDA, TAC, and SOD in some studies,

although effect sizes varied across trials (4, 20, 21, 26, 27,

30, 31). This aligns with the well-established

understanding that uremia and dialysis procedures

promote excessive reactive oxygen species generation

(4). Differences in dosage, treatment duration, and

baseline oxidative burden likely contributed to

heterogeneity in outcomes. Given the scoping nature of

this review, causal inferences regarding effectiveness

cannot be made.

Cardiovascular complications remain the leading

cause of mortality among hemodialysis patients.

Although only a limited number of studies directly

assessed cardiovascular outcomes, interventions such as

N-acetylcysteine and coenzyme Q10 showed potential

improvements in endothelial function and reductions

in inflammatory markers. However, the overall evidence

is sparse, heterogeneous, and insufficient to draw

definitive conclusions regarding arrhythmia reduction

or long-term cardiovascular events (20, 29, 30). This

underscores the evidence gap for cardiovascular

interventions without implying effectiveness.

Uremic pruritus, a highly prevalent and distressing

symptom among hemodialysis patients, was among the

most frequently studied outcomes. Both omega-3 fatty
acids and gabapentin were associated with reductions

in pruritus severity in several trials, with gabapentin
providing rapid symptom relief in certain studies (15, 16,

17, 23, 25). However, variability in assessment tools,

including the Visual Analog Scale, Numeric Rating Scale,

and 5D-Itch Scale, complicates direct comparisons.

Again, causal conclusions about efficacy cannot be made
within the scope of this review.

Sleep disturbances and neurological symptoms,

including restless legs syndrome, were also commonly

reported. Melatonin supplementation was reported to

improve sleep quality and circadian rhythm regulation,

while gabapentin reduced restless legs syndrome

symptoms and enhanced sleep continuity (18, 23-25).

These findings underscore the importance of

addressing sleep health as a component of

comprehensive dialysis care, although the evidence

remains preliminary.

Metabolic disturbances, including anemia,

microalbuminuria, and abnormalities in iron and

albumin levels, were studied less frequently. L-carnitine
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supplementation showed variable benefits in reducing

fatigue and improving metabolic markers (5, 22, 28).

Given the limited and inconsistent data, further

research is needed to clarify the role of nutraceutical

interventions in metabolic outcomes.

Overall, the included studies suggest that

pharmacological and nutraceutical interventions may

offer descriptive improvements across several

hemodialysis-related complications. However, the field

is limited by small sample sizes, short intervention

durations, heterogeneity in study design, and variable

outcome measures. These limitations align with

broader concerns regarding the scarcity of large, high-

quality randomized controlled trials in nephrology

research (13, 14). Additional gaps include the

underrepresentation of studies from low- and middle-

income countries (2). Moreover, standardization of

outcomes, dosing protocols, and follow-up durations is

needed to enable cross-study comparisons and evidence

synthesis.

4.1. Limitations

This scoping review has several limitations. Many

included studies had small sample sizes and short

intervention durations, limiting generalizability.

Considerable heterogeneity in study design, dosage, and

outcome measures further restricted the ability to

compare results across trials. Some clinically important

complications, such as arrhythmias and metabolic

disturbances, were understudied, and most research

originated from high-income regions, reducing global

representativeness. Finally, given the scoping nature of

this review, causal inferences regarding effectiveness

cannot be drawn.

4.2. Conclusions

This scoping review highlights the growing interest

in pharmacological and nutraceutical interventions

aimed at improving the complex symptom burden

experienced by patients undergoing chronic

hemodialysis. Evidence suggests that agents such as

omega-3 fatty acids, gabapentin, melatonin, and

antioxidant therapies may offer potential descriptive

benefits, particularly in domains including pruritus,

sleep quality, oxidative stress, and cardiovascular risk

markers. Causal inferences regarding effectiveness

cannot be made.

Future studies should prioritize large, well-designed

randomized controlled trials with consistent dosing

strategies, longer follow-up periods, and harmonized

outcome measures. Expanding research efforts to low-

and middle-income countries is also essential to ensure

global applicability. Strengthening the evidence base in

these areas will support the development of more

effective, patient-centered strategies to enhance quality

of life and clinical outcomes in the hemodialysis

population.

Footnotes

AI Use Disclosure: The authors declare that no

generative AI tools were used in the creation of this

article.

Authors' Contribution: E. M. and A. F. contributed to

study design, data collection, data analysis, and

manuscript preparation. S. H., M. E., S. K., and H. H.

contributed to data collection, proposal writing,

manuscript preparation, and supervision. All authors

read and approved the final draft of the manuscript.

Conflict of Interests Statement: The authors do not

declare any conflicts of interests for this study.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication.

Funding/Support: No funding was received for

conducting this research from non-academic

organizations.

Ethical Approval: Not applicable. This study is based

on previously published literature and does not involve

human participants or animal subjects.Consent for

Publication: Not applicable.Availability of Data and

Materials: The datasets generated and code used for the

analysis are available from the corresponding author

upon reasonable request.

References

1. Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe M, et al.

Global, regional, and national burden of chronic kidney disease,

1990 - 2017: a systematic analysis. Lancet. 2020;395(10225):709-733.

[PubMed ID: 32061315]. [PubMed Central ID: PMC7049905].

https://doi.org/10.1016/S0140-6736(20)30045-3.

2. Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM, Okpechi I, et al.

Worldwide access to treatment for end stage kidney disease: a

systematic review. Lancet. 2015;385(9981):1975-1982. [PubMed ID:

25777665]. https://doi.org/10.1016/S0140-6736(14)61601-9.

3. Stenvinkel P. Chronic kidney disease: a public health priority and

harbinger of premature cardiovascular disease. J Intern Med.

2010;268(5):456-467. [PubMed ID: 20809922].

https://doi.org/10.1111/j.1365-2796.2010.02269.x.

4. Himmelfarb J, Hakim RM. Oxidative stress in uremia. Curr Opin

Nephrol Hypertens. 2003;12(6):593-598. [PubMed ID: 14564195].

https://doi.org/10.1097/00041552-200311000-00004.

https://brieflands.com/journals/jjnpp/articles/169205
http://www.ncbi.nlm.nih.gov/pubmed/32061315
https://www.ncbi.nlm.nih.gov/pmc/PMC7049905
https://doi.org/10.1016/S0140-6736(20)30045-3
http://www.ncbi.nlm.nih.gov/pubmed/25777665
https://doi.org/10.1016/S0140-6736(14)61601-9
http://www.ncbi.nlm.nih.gov/pubmed/20809922
https://doi.org/10.1111/j.1365-2796.2010.02269.x
http://www.ncbi.nlm.nih.gov/pubmed/14564195
https://doi.org/10.1097/00041552-200311000-00004


Hashemi S et al. Brieflands

Jundishapur J Nat Pharm Prod. 2026; 21(1): e169205 11

5. Evans AM, Fornasini G. Pharmacokinetics of L carnitine. Clin

Pharmacokinet. 2003;42(11):941-967. [PubMed ID: 12908852]. [PubMed

Central ID: PMC10299949]. https://doi.org/10.2165/00003088-

200342110-00002.

6. Tsinari A, Roumeliotis S, Neofytou IE, Varouktsi G, Veljkovic A, Stamou

A, et al. The clinical utility and plausibility of oxidative and

antioxidant variables in chronic and end-stage kidney disease: a

review of the literature. Int J Mol Sci. 2025;26(7):3376. [PubMed ID:

40244241]. [PubMed Central ID: PMC11989862].

https://doi.org/10.3390/ijms26073376.

7. Blair C, Slee A, McKeaveney C, Maxwell AP, Awan F, Brown M, et al.

Anti-inflammatory effects and safety of omega-3 fatty acids in

haemodialysis: a systematic review and meta-analysis. Clin Nutr

ESPEN. 2026;102957. 102957. [PubMed ID: 41692069].

https://doi.org/10.1016/j.clnesp.2026.102957.

8. Steiber AL. Herbal supplements in patients with kidney disease. In:

Academic Press; 2022. p. 907-919. https://doi.org/10.1016/B978-0-12-

818540-7.00026-4.

9. Navarro-González JF, Mora-Fernández C, Muros de Fuentes M, Chahin

J, Méndez ML, Gallego E, et al. Effect of pentoxifylline on renal

function and urinary albumin excretion in diabetic kidney disease:

the PREDIAN trial. J Am Soc Nephrol. 2015;26(1):220-229. [PubMed ID:

24970885]. [PubMed Central ID: PMC4279740].

https://doi.org/10.1681/ASN.2014010012.

10. Walker S, Fine A, Kryger MH. Sleep complaints are common in

dialysis patients. Nephrol Dial Transplant. 1995;10(3):560-566.

11. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of

cardiovascular disease in chronic renal disease. Am J Kidney Dis.

1998;32(5 Suppl 3):S112-S119. [PubMed ID: 9820470].

https://doi.org/10.1053/ajkd.1998.v32.pm9820470.

12. Pisoni RL, Wikstrom B, Elder SJ, Akizawa T, Asano Y, Keen ML, et al.

Pruritus in hemodialysis patients: international results from the

Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial

Transplant. 2006;21(12):3495-3505. [PubMed ID: 16968725]. [PubMed

Central ID: PMC12129515]. https://doi.org/10.1093/ndt/gfl461.

13. Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E.

Systematic review or scoping review? Guidance for authors. BMC Med

Res Methodol. 2018;18(1). 143. [PubMed ID: 30453902]. [PubMed Central

ID: PMC6245623]. https://doi.org/10.1186/s12874-018-0611-x.

14. Arksey H, O'Malley L. Scoping studies: towards a methodological

framework. Int J Soc Res Methodol. 2005;8(1):19-32.

https://doi.org/10.1080/1364557032000119616.

15. Rafieipoor A, Torkaman M, Azaryan F, Tavakoli A, Mohammadian MK,

Kohansal A, et al. Effectiveness of omega 3 fatty acid

supplementation for pruritus in patients undergoing hemodialysis:

a randomized clinical trial. Front Nutr. 2024;11. 1328469. [PubMed ID:

38347960]. [PubMed Central ID: PMC10860752].

https://doi.org/10.3389/fnut.2024.1328469.

16. Teama NM, Shawky SM, Ibrahim MAH, Khalifa SM, El-Mobdy AH.

Omega 3 fatty acids versus gabapentin in uremic pruritus in

hemodialysis patients: randomized controlled, crossover clinical

trial. Egypt J Intern Med. 2025;37(1). 69. https://doi.org/10.1186/s43162-

025-00457-2.

17. Shayanpour S, Beladi Mousavi SS, Lakhaye Rizi P, Cheraghian B. The

effect of the omega 3 supplement on uremic pruritus in

hemodialysis patients: a double blind randomized controlled

clinical trial. J Nephropathol. 2019;8(2). e13.

https://doi.org/10.15171/jnp.2019.13.

18. Tong A, Sainsbury P, Chadban S, Walker RG, Harris DC, Carter SM, et al.

Effects of nocturnal hemodialysis on melatonin rhythm and sleep-

wake behavior: an uncontrolled trial. Am J Kidney Dis. 2009;53(4):658-

64. [PubMed ID: 19216015]. https://doi.org/10.1053/j.ajkd.2008.10.050.

19. Rehman S, Farhan M, Sarfraz MR, Naveed A, Usman F, Bibi A, et al.

Randomized clinical trial for the optimization of dyslipidemia

management in patients with end stage renal disease undergoing in

hospital maintenance hemodialysis therapy. Pharmaceutics.

2025;17(9):1128. [PubMed ID: 41012465]. [PubMed Central ID:

PMC12473649]. https://doi.org/10.3390/pharmaceutics17091128.

20. Tepel M, van der Giet M, Statz M, Jankowski J, Zidek W. The

antioxidant acetylcysteine reduces cardiovascular events in patients

with end stage renal failure. Circulation. 2003;107(7):992-995.

[PubMed ID: 12600912].

https://doi.org/10.1161/01.CIR.0000050628.11305.30.

21. Hsu SP, Wu MS, Yang CC, Huang KC, Liou SY, Hsu SM, et al. Chronic

green tea extract supplementation reduces hemodialysis enhanced

oxidative stress and atherosclerotic risk factors. Am J Clin Nutr.

2007;86(5):1539-1547. [PubMed ID: 17991670].

https://doi.org/10.1093/ajcn/86.5.1539.

22. Gholami D, Larki RA, Manzuri L, Taheri T, Asfaram A, Sadeghi

Mansourkhani H, et al. Effect of oral L-carnitine and omega-3 on lipid

profiles, sleep quality, and quality of life in hemodialysis patients. J

Clin Care Skills. 2025;6(1).

23. Razeghi E, Eskandari D, Ganji MR, Meysamie AP, Togha M, Khashayar

P. Gabapentin and uremic pruritus in hemodialysis patients. Ren Fail.

2009;31(2):85-90. [PubMed ID: 19212903].

https://doi.org/10.1080/08860220802646754.

24. Russcher M, Koch BC, Nagtegaal JE, van Ittersum FJ, Pasker-de Jong

PC, Hagen EC, et al. Long-term effects of melatonin on quality of life

and sleep in haemodialysis patients (Melody study): a randomized

controlled trial. Br J Clin Pharmacol. 2013;76(5):668-79. [PubMed ID:

23713800]. [PubMed Central ID: PMC3952716].

https://doi.org/10.1111/bcp.12169.

25. Gunal AI, Ozalp G, Yoldas TK, Gunal SY, Kirciman E, Celiker H.

Gabapentin therapy for pruritus in hemodialysis patients: a

randomized, placebo controlled, double blind trial. Nephrol Dial

Transplant. 2004;19(12):3137-3139. [PubMed ID: 15575002].

https://doi.org/10.1093/ndt/gfh496.

26. Phatsara C, Jonas E, Yammuen-art S, Buschbell H, Tesfaye D,

Ponsuksili S, et al. N-acetylcysteine for the management of anemia

and oxidative stress in hemodialysis patients. Nephron Clin Pract.

2010;116(3):c207-16. [PubMed ID: 18817298].

https://doi.org/10.1159/000317156.

27. Biniaz V, Tayebi A, Ebadi A, Sadeghi Shermeh M, Einollahi B. Effect of

vitamin C supplementation on serum uric acid in patients

undergoing hemodialysis: a randomized controlled trial. Iran J

Kidney Dis. 2014;8(5):401-7. [PubMed ID: 25194408].

28. Brass EP, Adler S, Sietsema KE, Hiatt WR, Orlando AM, Amato A, et al.

Intravenous L-carnitine increases plasma carnitine, reduces fatigue,

and may preserve exercise capacity in hemodialysis patients. Am J

Kidney Dis. 2001;37(5):1018-28. [PubMed ID: 11325685].

https://doi.org/10.1053/ajkd.2001.23542.

29. Boaz M, Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, et al.

Secondary prevention with antioxidants of cardiovascular disease in

end stage renal disease (SPACE): randomized placebo controlled

trial. Lancet. 2000;356(9237):1213-1218. [PubMed ID: 11072938].

https://doi.org/10.1016/S0140-6736(00)02783-5.

30. Mortensen SA, Rosenfeldt F, Kumar A, Dolliner P, Filipiak KJ, Pella D, et

al. The effect of coenzyme Q10 on morbidity and mortality in chronic

heart failure: results from Q-SYMBIO: a randomized double-blind

trial. JACC Heart Fail. 2014;2(6):641-9. [PubMed ID: 25282031].

https://doi.org/10.1016/j.jchf.2014.06.008.

31. Zuo L, He F, Wang J, Song C, Sun T, Li Y, et al. Effects of resveratrol

supplementation on oxidative stress and endothelial function in

patients with type 2 diabetes: a randomized controlled trial. Nutr

Metab Cardiovasc Dis. 2021;31(8):2371-2380. [PubMed ID: 34039507].

https://brieflands.com/journals/jjnpp/articles/169205
http://www.ncbi.nlm.nih.gov/pubmed/12908852
https://www.ncbi.nlm.nih.gov/pmc/PMC10299949
https://doi.org/10.2165/00003088-200342110-00002
https://doi.org/10.2165/00003088-200342110-00002
http://www.ncbi.nlm.nih.gov/pubmed/40244241
https://www.ncbi.nlm.nih.gov/pmc/PMC11989862
https://doi.org/10.3390/ijms26073376
http://www.ncbi.nlm.nih.gov/pubmed/41692069
https://doi.org/10.1016/j.clnesp.2026.102957
https://doi.org/10.1016/B978-0-12-818540-7.00026-4
https://doi.org/10.1016/B978-0-12-818540-7.00026-4
http://www.ncbi.nlm.nih.gov/pubmed/24970885
https://www.ncbi.nlm.nih.gov/pmc/PMC4279740
https://doi.org/10.1681/ASN.2014010012
http://www.ncbi.nlm.nih.gov/pubmed/9820470
https://doi.org/10.1053/ajkd.1998.v32.pm9820470
http://www.ncbi.nlm.nih.gov/pubmed/16968725
https://www.ncbi.nlm.nih.gov/pmc/PMC12129515
https://doi.org/10.1093/ndt/gfl461
http://www.ncbi.nlm.nih.gov/pubmed/30453902
https://www.ncbi.nlm.nih.gov/pmc/PMC6245623
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1080/1364557032000119616
http://www.ncbi.nlm.nih.gov/pubmed/38347960
https://www.ncbi.nlm.nih.gov/pmc/PMC10860752
https://doi.org/10.3389/fnut.2024.1328469
https://doi.org/10.1186/s43162-025-00457-2
https://doi.org/10.1186/s43162-025-00457-2
https://doi.org/10.15171/jnp.2019.13
http://www.ncbi.nlm.nih.gov/pubmed/19216015
https://doi.org/10.1053/j.ajkd.2008.10.050
http://www.ncbi.nlm.nih.gov/pubmed/41012465
https://www.ncbi.nlm.nih.gov/pmc/PMC12473649
https://doi.org/10.3390/pharmaceutics17091128
http://www.ncbi.nlm.nih.gov/pubmed/12600912
https://doi.org/10.1161/01.CIR.0000050628.11305.30
http://www.ncbi.nlm.nih.gov/pubmed/17991670
https://doi.org/10.1093/ajcn/86.5.1539
http://www.ncbi.nlm.nih.gov/pubmed/19212903
https://doi.org/10.1080/08860220802646754
http://www.ncbi.nlm.nih.gov/pubmed/23713800
https://www.ncbi.nlm.nih.gov/pmc/PMC3952716
https://doi.org/10.1111/bcp.12169
http://www.ncbi.nlm.nih.gov/pubmed/15575002
https://doi.org/10.1093/ndt/gfh496
http://www.ncbi.nlm.nih.gov/pubmed/18817298
https://doi.org/10.1159/000317156
http://www.ncbi.nlm.nih.gov/pubmed/25194408
http://www.ncbi.nlm.nih.gov/pubmed/11325685
https://doi.org/10.1053/ajkd.2001.23542
http://www.ncbi.nlm.nih.gov/pubmed/11072938
https://doi.org/10.1016/S0140-6736(00)02783-5
http://www.ncbi.nlm.nih.gov/pubmed/25282031
https://doi.org/10.1016/j.jchf.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/34039507


Hashemi S et al. Brieflands

12 Jundishapur J Nat Pharm Prod. 2026; 21(1): e169205

[PubMed Central ID: PMC8064812].

https://doi.org/10.1016/j.numecd.2021.04.012.

32. Baig M, Khandelwal PN, Kulkarni SG, Gade PR, Siddiqui S, Rathod R.

Results of a single blind, randomized, placebo controlled clinical

trial to study the effect of intravenous L carnitine supplementation

on health related quality of life in Indian patients on maintenance

hemodialysis. Indian J Med Sci. 2006;60(4):143-153. [PubMed ID:

16679630]. https://doi.org/10.4103/0019-5359.24678.

https://brieflands.com/journals/jjnpp/articles/169205
https://www.ncbi.nlm.nih.gov/pmc/PMC8064812
https://doi.org/10.1016/j.numecd.2021.04.012
http://www.ncbi.nlm.nih.gov/pubmed/16679630
https://doi.org/10.4103/0019-5359.24678
http://www.ncbi.nlm.nih.gov/pubmed/16679630
https://doi.org/10.4103/0019-5359.24678

