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ABSTRACT

Background: Diabetic peripheral neuropathy (DPN) represents a prevalent and distressing
complication within the diabetic community, often leading to significant morbidity. The
therapeutic value of Acetyl-lﬁarnitine (ALC) for DPN has been investigated across various
studies with mixed results. This systematic review and meta-analysis consolidates existing
research to ascertain the efficacy of ALC in ameliorating the symptoms of DPN.

Methods: Fifteen articles that satisfied the inclusion requirements for the meta-analysis were
found after a thorough assessment of the literature was carried out. The majority of these
investigations were randomized controlled trials that pitted ALC medication against either no
ﬁatment at all or a placebo in patients with DPN.The sources for literature retrieval were research
databases such as the Cochrane Central Register of Controlled Trials, EMBASE, and PubMed.
Neural pain, salsory function, and nerve conduction velocities were among the outcome
measurements. The Cochrane Risk of Bias tool was utilized to evaluate bias, and the effect sizes
were computed with the assistance of random effects models.

Results: Aggregated findings from the included studies indicated a statistically significant
improvement in neuropathic symptoms and nerve function among participants receiving ALC
compared with those given a placebo. Moreover, these improvements were particularly notable in

patients presenting with severe neuropathy at baseline.
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Conclusions: The evidence synthesized in this review and meta-analysis points to ALC's
effectiveness in enhancing clinical outcomes for patients with DPN, endorsing its inclusion in the
treatment regime for this condition. Nonetheless, the observed heterogeneity among studies and
the potential biases underscore the necessity for further methodologically rigorous studies. Such
future research should aim to delineate ALC's long-term therapeutic profile and elucidate its
underlying mechanisms within the context of diabetic neuropathy.

Keywords: Acetyl-L Carnitine, Diabetic Peripheral Neuropathy, Systematic Review, Meta-

analysis.

INTRODUCTION

About half of those with diabetes will eventually be diagnosed with diabetic peripheral neuropathy
(DPN), which is a serious consequence of the disease [1]. DPN is characterized by a wide range
of symptoms, including pain, numbness, and significant motor deficits. It not only lowers quality
of life but also increases the risk of subsequent consequences, including amputations and foot
ulcers [2]. The complexity of DPN's pathophysiology, which involves mechanisms like oxidative
stress and inflammation induced by hyperglycemia, complicates its management [3].
Management strategies for DPN have historically focused on achieving glycemic control and
mitigating symptoms, particularly neuropathic pain [2]. However, the limited effectiveness of
current treatment options underscores the necessity for novel therapeutic approaches. In this
context, L-carnitine's derivative, acetyl-L Carnitine (ALC), involved in mitochondrial energy
metabolism, has emerged as a candidate for alleviating DPN symptoms [4]. Research suggests that
ALC can promote nerve regeneration, combat oxidative stress, and improve endothelial function,
thereby offering neuroprotective benefits [5].

Despite ALC's promising potential, the existing literature presents a mixed picture of its efficacy
in DPN treatment. Studies have varied in their findings, possibly due to differences in study
designs, sample sizes, treatment durations, and the specific outcomes measured [6][7]. This
inconsistency highlights the need for a meta-analysis and comprehensive review to synthesize
available evidence and clarify ALC's role in DPN management [8].

The forthcoming meta-analysis and comprehensive review aims to fill this gap by evaluating
ALC's effectiveness across various clinical outcomes in DPN, including pain relief, sensory and

motor function improvement, and nerve conduction velocities. By consolidating evidence from
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multiple randomized controlled trials, this study intends to provide a robust assessment of ALC's

therapeutic value, guiding clinical decisions and identifying avenues for future research [9].

Aim

systematically review and meta-analyze the available evidence on the safety and effectiveness

of Acetyl-L Carnitine (ALC) in the treatment of diabetic peripheral neuropathy.

Objectives:

1.

To Assess ALC's Effectiveness: Examine whether Acetyl-L. Carnitine can help patients
with diabetic peripheral neuropathy achieve better clinical results. Pay particular attention
to neuropathic pain, nerve conduction velocities, and overall functional status.

To Assess the Safety and Tolerability of ALC: Review and analyze data on the safety
profile and tolerability of Acetyl-L Carnitine, identifying common adverse events and any

serious adverse reactions associated with its use in the diabetic population.

. To ldentify Research Gaps and Future Directions: Highlight areas where further research

is needed, including specific subpopulations or outcome measures that are
underrepresented in the existing literature, and suggest potential directions for future

studies on ALC in diabetic peripheral neuropathy.

MATERIAL AND METHODOLOGY

Protocol and Registration:

The review protocol for "Acetyl-L Carnitine in Peripheral Neuropathy Secondary to Diabetes: A

Systematic Review and Meta-analysis" was registered with the Institutional Ethical Committee.

This registration ensures transparency and reduces the risk of duplication and reporting bias.

Eligibility Criteria:

Inclusion Criteria:

1.

2
3.
4

Studies that are observational in nature and controlled trials (RCTs).
Studies involving patients diagnosed with diabetic peripheral neuropathy (DPN).
Studies evaluating the safety and effectiveness of Acetyl-L Carnitine treatment.

Studies published in English.
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Exclusion Criteria:

1. Case studies, reviews and non-clinical research.

2. Studies without a control group.

3. Studies not reporting specific outcomes relevant to DPN, such as pain relief, nerve

conduction velocities, or quality of life measures.

Information Sources: Electronic databases such as Web of Science, EMBASE, PubMed, and the
Cochrane Central Register of Controlled Trials (CENTRAL) served as information sources.
Searches were carried out between the beginning and December 2023, without language
restrictions initially, but for detailed analysis, only English-language studies were included.
Search Strategy: The search strategy combined terms related to "diabetic peripheral neuropathy,"
"Acetyl-L Carnitine,” and "randomized controlled trials." To combine search phrases, boolean
operators (AND, OR) were utilized. Filters for human studies were applied. The search strategy
was adapted for each database to conform to specific indexing terms and search functionalities.
Study Selection: Titles and abstracts were separately checked for eligibility by two reviewers.
After retrieving the complete texts of any papers that might be relevant, they were evaluated in
light of the inclusion requirements. A third reviewer was consulted or discussed with in order to
settle disagreements. A PRIWA flow diagram was used to record the study selection procedure.
Data Collection Process: Data from included studies were extracted independently by two
reviewers using a standardized data extraction form. The form was piloted on a small number of
studies to ensure comprehensiveness. Extracted information included study characteristics,
participant demographics, intervention and comparator details, outcomes, and findings.
Data Items:
Data items extracted included:

1. Study design and methodology.

2. Participant characteristics (age, gender, diabetes type and duration).

3. Details of the Acetyl-L Carnitine intervention (dose, duration).

4. Control or comparator interventions.

5. Outcomes measured, including specific scales for pain, nerve function tests, and quality of

life assessments.

6. Adverse events or side effects reported.
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Risk of Bias in Iﬁividual Studies: RCTs were subjected to an evaluation process that includes
criteria such as random sequence generation, allocation concealment, blindinh incomplete
outcome data, selective reporting, and other biases. This process is part of the Cochrane
Collaboration's instrument for assessing the risk of bias in randomized trials. TI‘B ROBINS-I
technique was used to evaluate observational studies, with particular attention paid to confounding,
participant selection, intervention classification, deviations from intended interventions, missing
data, outcome assessment, and choice of reported results.

Synopsis of Measures: The improvement in neuropathy symptom scores from the beginning to
the completion of treatment was the main outcome measure. Changes in nerve conduction
velocities, quality of life evaluations, and the frequency of adverse events were examples of
secondary outcome measures.
Integration of Findings: To take into consideration the heterogeneity between studies, a random-

effects model was used in a meta-analysis.
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Table 1 encapsulates data from a collection of studies evaluating the efficacy of Acetyl-L-Carnitine
(ALC) in treating neuropathic pain, detailing study characteristics, outcomes, and adverse events.
The studies span from 2002 to 2023, employing various research designs such as randomized
controlled trials (RCTs), prospective cohorts, cross-over trials, case-controls, and open-label trials.
Sample sizes range from 45 to 120 participants, with study durations varying from 8§ weeks to a
year, reflecting diverse conditions under which the effects of ALC were examined.

The dosage of ALC administered to participants varies across studies, with some receiving doses
as low as 500 mg/day and others up to 2000 mg/day, compared against placebos, no treatment, or
standard care. The main outcomes assessed include pain reduction, nerve conduction velocity
(NCV) improvements, quality of life (QoL), and functional status among others. Results are
generally positive, with many studies reporting significant improvements in pain, QoL, and NCV,
while others note moderate or no change in specific outcomes.

Adverse events reported range from mild to moderate and include nausea, gastrointestinal
discomfort, headaches, dizziness, fatigue, discomtfort, muscle cramps, and lethargy. Notably, some
studies report minimal side effects or none at all, suggesting ALC's tolerability. Overall, the table
presents a thorough overview of ALC's potential benefits for neuropathic pain and its safety

profile, providing a valuable resource for understanding its clinical utility.
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Figure 1: Forest plot

The forest plot visualizes the results of various studies assessing the effect size of Acetyl-L-
Carnitine (ALC) interventions for neuropathic pain. The x-axis represents the effect size, while the
y-axis lists the studies, each identified by the first author's last name and the year of publication.
Points on the plot denote the mean etfect size for each study, with horizontal lines extending to the
left and right indicating the confidence intervals, thereby providing a sense of the statistical
precision and variability of the effect size estimates.

Each study's point size correlates with its sample size—the larger the point, the larger the study—
implying a greater weight in the meta-analysis. The studies are arrayed vertically in no particular
order, allowing viewers to compare across them quickly.

A summary diamond combines the results of all included studies, providing a pooled estimate of
the ALC's effect on neuropathic pain. The horizontal span of the diamond represents the
confidence interval of this pooled estimate, giving an at-a-glance view of the overall effect size's
precision. The diamond's central location along the x-axis suggests the average effect size, taking

into account the weight of each study.
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Funnel Plot of Study Precision vs. Mean Result with Study Labels
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Figure 2: Funnel plot

The updated funnel plot presents a visual analysis of the precision of studies against their mean

results, specifically focusing on the effect size of Acetyl-L-Carnitine interventions for neuropathic

pain. Each point on the plot represents an individual study, plotted according to its effect size

(mean result) on the x-axis and its precision (approximated here by the square root of the sample

size) on the y-axis. The studies are annotated with the corresponding author's name and publication

year, providing a direct link between the plotted data points and their sources.

A vertical dashed red line indicates the overall mean effect size across all studies, serving as a

central reference point. The presence of two dashed lines sloping away from the mean effect size

line towards both ends of the plot is expected to form a funnel shape in the absence of bias,

representing the anticipated increase in variance among studies with smaller sample sizes.

However, the actual distribution of studies in this plot should be symmetrically arranged around

the mean effect line if there is no publication bias or other systematic differences affecting the

outcomes.
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In this specific funnel plot, the distribution of studies and their precision is intended to investigate
potential biases in the research on Acetyl-L-Carnitine's efficacy for neuropathic pain. While this
visualization provides a snapshot of the studies' variance and precision, the annotated labels offer
an enhanced understanding by identifying specific studies, facilitating further investigation or

consideration within the context of systematic review or meta-analysis.

DISCUSSION

The studies listed in Table 1 represent a range of clinical trials with varying methodologies, sample
sizes, and durations. For example, randomized controlled trials (RCTs) are well-represented and
are generally considered the gold standard for evaluating treatment efficacy due to their
methodological rigor, as seen in the studies by Li S et al.[8], De Grandis D et al.[10], and Dinicola
S et al.[22]. These RCTs span from 50 to 120 participants and report outcomes ranging from pain
and quality of life improvements to nerve conduction velocities (NCV).

The reported dosages of ALC also vary, providing insight into dose-response relationships. While
lower doses such as 500 mg/day have shown significant improvement in pain and NCV, higher
doses like 2000 mg/day used in the studies by Rolim LC etal.[11] and Parisi S et al.[18] indicate
more robust outcomes in terms of functional status and quality of life improvements. The
comparative baselines also differ across studies, with some using placebos and others standard
care or no treatment, which can impact the interpretation of ALC's efficacy.

Adverse events are crucial for understanding ALC's safety profile, and the listed studies suggest
that ALC is generally well-tolerated, with most adverse events reported as mild to moderate, such
as nausea, gastrointestinal discomfort, and headaches. This is an important consideration when
prescribing ALC for neuropathic pain, especially in populations with a high burden of
comorbidities.

When these findings are integrated with other studies not listed in the table, a more comprehensive
understanding of ALC's therapeutic potential emerges. For a systematic review or meta-analysis,
references would be organized numerically, correlating with citations within the text. This would
provide a structure for a more detailed comparison and synthesis of findings.

In summary, the studies outlined in Table 1 contribute valuable data to the growing evidence base
supporting the use of ALC for neuropathic pain in diabetic patients. These findings, alongside

those from other research, can inform clinical decision-making and guide future research to
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address remaining questions about optimal dosages, long-term effects, and efficacy in various

subpopulations.

Limita&uns of study

1.

Heterogeneity of Studies: The included studies vary in their design, sample size, duration,
and ALC dosages, which may contribute to heterogeneity and affect the comparability of
outcomes. This heterogeneity can make it challenging to draw definitive conclusions about
the optimal dose and treatment duration of ALC.

Variability in Outcome Measures: Different studies use various primary and secondary
outcomes to measure the efficacy of ALC. This lack of standardization can limit the ability
to aggregate a‘;ults across studies and may obscure more subtle effects of the treatment.
Quality and Bias in Included Studies: The methodological quality of the included studies
can vary, with some studies potentially having biases such as selection bias, publication
bias, or reporting bias. These biases can skew the results and interpretations of the meta-
analysis.

Limited Long-term Data: Many studies have a relatively short follow-up period, which
does not provide information on the long-term efficacy and safety of ALC. Chronic
conditions like diabetic neuropathy require long-term management, and the sustainability
of ALC's benefits remains uncertain.

Adverse Event Reporting: The reporting of adverse events may not be consistent across
studies, with some trials potentially underreporting or not reporting adverse events in
detail. This inconsistency can hinder the accurate assessment of the safety profile of ALC.
Patient Populations: The study populations may not cover all demographics equally, with
underrepresentation of certain subgroups such as different ethnicities, ages, and severities
of diabetic neuropathy. This can limit the generalizability of the findings to the wider
population.

Publication Bias: There is a potential for publication bias, as studies with positive results
areﬂlore likely to be published. This review may not have captured all unpublished studies
or those with negative results, which can lead to an overestimation of the effectiveness of

ALC.
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8. Dose-Response Relationship: The analysis might not have adequately addressed the dose-

response relationship due to a limited range of dosages and varying treatment durations.

CONCLUSION

conclusion, this meta-analysis and systematic review have provided a comprehensive evaluation
of Acetyl-L-Carnitine's (ALC) effectiveness and safety in the management of peripheral
neuropathy secondary to diabetes. The aggregated data from various studies, including randomized
controlled trials, open-label trials, and cohort studies, demonstrate that ALC can significantly
improve neuropathic pain and nerve conduction velocities (NCV) while also enhancing the overall
quality of life (QoL) for patients with diabetic neuropathy.
The analysis of dosage effects suggests a potential dose-response relationship, with higher doses
of ALC often associated with more pronounced benefits in pain relief and functional status
improvement. However, the variability in dosing and study design indicates the need for
standardized protocols to better understand the optimal therapeutic dose and regimen.
The safety profile of ALC, as reported across studies, appears favorable, with most adverse events
being mild to moderate and generally well-tolerated by patients. The incidence of serious adverse
events is low, underscoring ALC's potential as a safe treatment option. Nonetheless, long-term
safety remains to be fully elucidated.
Despite these positive findings, research gaps still exist. Future studies should aim to investigate
the long-term effects of ALC treatment, its efficacy across different stages of neuropathy, and its
role in diverse demographic groups, including varied age ranges and comorbid conditions.
Overall, the current evidence supports the use of ALC as an effective and safe adjunctive treatment
for reducing symptoms of diabetic peripheral neuropathy. Healthcare providers may consider
incorporating ALC into the management plans for patients suffering from this condition, tailoring
its use to individual patient profiles and needs. Further high-quality research will be crucial in
solidifying AL.C's place in the treatment paradigm for diabetic neuropathy and in optimizing its

clinical utilization.
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