. Operating Publisher
Internatlonal Journal Of SciFormat Publishing Inc.

Innovative Technologies in  1SNI: 0000 0005 1449 8214

INTERNATIONAL Social Science 2734 17 Avenue SW,

J(I?\JLIJ\I%\{/AAH'ISE Calgary, Alberta, T3E0A7,

TECHNOLOGIES IN e-ISSN: 2544-9435 Canada
SOCIAL SCIENCE +15878858911

editorial-office@sciformat.ca

Scientific Edition

ARTICLE TITLE

DOI

RECEIVED

ACCEPTED

PUBLISHED

LICENSE

© The author(s) 2026.

THE POTENTIAL ROLE OF L-CARNITINE SUPPLEMENTATION IN
MANAGEMENT OF POLYENDOCRINE METABOLIC OVARIAN
SYNDROME

https://doi.org/10.31435/ijitss.3(51).2026.6262
04 July 2026

15 September 2026

18 September 2026

The article is licensed under a Creative Commons Attribution 4.0
International License.

This article is published as open access under the Creative Commons Attribution 4.0 International
License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the
content to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including
adaptation and commercial use, as long as proper attribution is provided.



3(51) (2026): International Journal of Innovative Technologies in Social Science

THE POTENTIAL ROLE OF L-CARNITINE
SUPPLEMENTATION IN MANAGEMENT OF POLYENDOCRINE
METABOLIC OVARIAN SYNDROME

Melania Czapla (Corresponding Author, Email: melania.czapla00@gmail.com)
4th Military Clinical Hospital with Polyclinic SPZOZ in Wroclaw, Rudolfa Weigla 5, 50-981 Wroclaw, Poland
ORCID ID: 0009-0002-3401-9757

Karolina Kubala
Provincial Specialist Hospital named after J. Gromkowski, Koszarowa 5, 51-149 Wroclaw, Poland
ORCID ID: 0009-0002-3394-5265

Julia Tesyna
4th Military Clinical Hospital with Polyclinic SPZOZ in Wroclaw, Rudolfa Weigla 5, 50-981 Wroclaw, Poland
ORCID ID: 0009-0004-7995-2369

Aleksandra Obszanska
4th Military Clinical Hospital with Polyclinic SPZOZ in Wroclaw, Rudolfa Weigla 5, 50-981 Wroclaw, Poland
ORCID ID: 0009-0000-1823-4655

Jakub Tomczyszyn
Regional Specialist Hospital in Wroclaw, H. M. Kamienskiego 73a, 51-124 Wroclaw, Poland
ORCID ID: 0009-0007-1097-0851

Kamil Marchlik
4th Military Clinical Hospital with Polyclinic SPZOZ in Wroclaw, Rudolfa Weigla 5, 50-981 Wroclaw, Poland
ORCID ID: 0009-0000-2530-819X

ABSTRACT

Polyendocrine Metabolic Ovarian Syndrome (PMOS), formerly known as polycystic ovary syndrome, is a common
endocrine and metabolic disorder affecting women of reproductive age, characterized by hyperandrogenism, ovulatory
dysfunction, and insulin resistance. Despite its high prevalence, its pathophysiology remains incompletely understood, and
current therapies are largely symptomatic. Increasing evidence implicates mitochondrial dysfunction, oxidative stress, and
chronic low-grade inflammation in disease development. In this context, L-carnitine, a key regulator of mitochondrial fatty
acid transport and energy metabolism, has emerged as a potential adjunctive therapeutic agent.

This narrative review summarizes current evidence on the role of L-carnitine and its derivatives in PMOS, integrating
findings from randomized controlled trials, observational studies, systematic reviews, and preclinical models. Available data
suggest that L-carnitine supplementation may improve metabolic parameters, including insulin resistance and lipid profiles,
while exerting antioxidant and anti-inflammatory effects in ovarian tissue. However, evidence regarding endocrine and
fertility outcomes remains inconsistent.

Although preclinical studies strongly support biological plausibility, clinical evidence is limited by heterogeneity in study
design, small sample sizes, and reliance on surrogate endpoints. L-carnitine should therefore be considered a promising
adjunct rather than a standard treatment for PMOS. Further large-scale randomized controlled trials are required to define
optimal dosing, formulation, and patient subgroups most likely to benefit.
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1. Introduction

Polyendocrine Metabolic Ovarian Syndrome (PMOS), previously known as Polycystic Ovary Syndrome
(Teede et al., 2026), is one of the most common endocrine, metabolic and gynecological disorders worldwide
that affects roughly 5-20% of women of reproductive age (Escobar-Morreale, 2018; Teede et al., 2026).
Although it has been investigated since 1935, when Irving F. Stein and Michael L. Leventhal first published a
research paper describing the syndrome and presenting seven cases (Stein & Leventhal, 1935), PMOS
remains incompletely understood. In 2003, the ‘Rotterdam Criteria’ were proposed as a universal diagnostic
tool (Fauser et al., 2004) (Fig. 1). They have been widely adopted among physicians, despite ongoing
controversies related to the heterogeneity, progression, and consequences of this syndrome (Baracat et al.,
2022). PMOS is associated not only with fertility issues but also with hormonal imbalance that may manifest
in weight gain, obesity, insulin resistance (IR), type 2 diabetes mellitus (T2DM), and increased cardiovascular
risk. Moreover, affected patients frequently experience increased anxiety, depression, and fear of long-term
complications (Taugqir et al., 2021), making PMOS a significant interdisciplinary health issue. Its etiology
and pathogenesis remain poorly understood as different theories are being explored, thus limiting therapeutic
strategies (D1 Emidio et al., 2020). Due to the variety of phenotypes, every case has to be approached
individually. In order to handle the symptoms, different drugs (e.g., oral contraceptive pills, antiandrogens,
insulin sensitizers, aromatase inhibitors) and supplements (e.g., vitamin D, inositol, berberine, magnesium)
may be useful (Alesi et al., 2022; Bashir et al., 2026; Escobar-Morreale, 2018). Recently, carnitine has
emerged as a potential agent in the management of PMOS with seven different clinical studies registered in
the ClinicalTrials.gov database (search performed in May 2026). In this narrative review, we focus on the
molecular mechanisms underlying PMOS and the potential beneficial effects of L-carnitine (LC)
supplementation.

oligoovulation,
anovulation

) hyperandrogenism,
hyperandrogenaemia

characteristic
ultrasoundimage

Polyendocrine Metabolic
Ovarian Syndrome

Fig. 1. Rotterdam Criteria include 3 main characteristics of PMOS, including ovarian dysfunction, androgen
excess and polycystic ovarian morphology. To establish the diagnosis at least two out of three features must
be present in a patient (Fauser et al., 2004).

2. Methodology

This narrative review summarizes current evidence on the role of L-carnitine and its derivatives in
Polyendocrine Metabolic Ovarian Syndrome. A literature search was conducted in PubMed, Scopus, and
Google Scholar for studies published up to May 2026 using keywords related to “L-carnitine”, “PMOS/PCOS”,
“insulin resistance”, “oxidative stress”, and “hyperandrogenism”. Given the recent adoption of the term PMOS,
studies referring to PCOS were also included and considered equivalent for the purpose of this review. No
time restrictions were applied; however, preference was given to studies published within the last decade. Only
English-language full-text articles were included. Eligible studies comprised randomized controlled trials,
observational studies, systematic reviews, meta-analyses, and relevant experimental research (in vitro and
animal models). Given the heterogeneity of the available literature, a narrative synthesis was performed, with
findings organized into thematic domains including oxidative stress, metabolic effects, endocrine regulation,
and reproductive outcomes. No meta-analysis was conducted.
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3. Biological role of carnitine

3.1. Chemical structure and synthesis of carnitine

Carnitine (3-hydroxy-4-N,N,N-trimethylaminobutyrate) has been extensively investigated for over 100
years because of its crucial role in several metabolic and biochemical pathways (Alhasaniah, 2023). In 1905,
it was identified in high concentrations in skeletal muscle, from which its name derives (Latin: carnis)
(Harmeyer, 2002). Carnitine occurs in two isomeric forms; however, only L-carnitine (Fig. 2) has beneficial
effects on human body (Pekala et al., 2011). Therefore, this review focuses exclusively on the L-enantiomer.

L-carnitine is synthesized endogenously in humans in the brain, liver, and kidneys. These organs possess
the complete set of enzymes required for carnitine biosynthesis, whereas other tissues depend on uptake from
the circulation via active transport mechanisms. This five-step pathway involves crucial amino acids -
methionine and lysin. More than 90% of the total body carnitine is stored in skeletal muscle and the
myocardium due to their high metabolic demand (Harmeyer, 2002; P¢kala et al., 2011). Healthy humans,
even when following vegetarian diet, produce sufficient amounts of this compound (Alhasaniah, 2023; K.-
G. Seline & Johein, 2007). Dietary carnitine is obtained primarily from animal-derived foods. Red meat
(e.g., horse meat, beef, and pork) contains the highest concentrations, while dairy products provide moderate
amounts. In contrast, vegetables, fruits, and mushrooms usually contain only trace levels of carnitine (K.-G.

Seline & Johein, 2007).

H3C CHs OH O

N+
HsC” o)

Fig. 2. Chemical structure of L-carnitine.

3.2. Physiological functions of L-carnitine

L-carnitine plays a crucial role in cellular energy metabolism. Its primary physiological function is the
transport of activated long-chain fatty acids across the inner mitochondrial membrane, enabling their
subsequent B-oxidation and ATP production. This process, known as the carnitine shuttle, is essential because
the mitochondrial membrane is impermeable to acyl-CoA molecules (Harmeyer, 2002). By transferring acyl
groups between coenzyme A and carnitine, LC facilitates the utilization of fatty acids as an energy source,
particularly in highly oxidative tissues such as myocardium (Pgkala et al., 2011).

Beyond its role in fatty acid oxidation, LC acts as a regulator of intracellular acyl-CoA/free CoA balance,
thereby maintaining optimal activity of several mitochondrial enzymes. Through the reversible formation of
acylcarnitines, especially acetyl-L-carnitine (ALC), it serves as a buffer for excess acyl residues and
contributes to metabolic flexibility during conditions such as fasting, intense exercise, and hypoxia (Harmeyer,
2002). Moreover, LC participates in glucose metabolism by shuttling acetyl groups across the mitochondrial
membrane and preventing the accumulation of acetyl-CoA and other intermediates implicated in insulin
resistance. Increasing evidence also indicates that L-carnitine possesses antioxidant and anti-inflammatory
properties, protects mitochondrial function, stabilizes cellular membranes, and reduces reactive oxygen species
production (Almannai et al., 2019; Di Emidio et al., 2020; Fenkci et al., 2008).
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3.3. L-carnitine levels in women with PMOS

It has been reported that circulating concentrations of total and free L-carnitine are reduced in women
with PMOS compared with healthy controls, with this finding being observed in both obese and non-obese
individuals (Celik et al., 2017; Fenkci et al., 2008; Tauqir et al., 2021). Interestingly, lower serum LC
levels were associated with markers of hyperandrogenism, as well as with indices of hyperinsulinaemia and
IR (Salehpour et al., 2019). Although it remains unclear whether reduced carnitine availability represents a
primary pathogenic factor or a secondary consequence of metabolic disturbances, these observations provide
a potential rationale for investigating carnitine supplementation in this population. Similar reductions (up to
25%) in circulating L-carnitine concentrations have been described in several other metabolic and chronic
disease states, including obesity, T2DM, chronic kidney disease requiring dialysis and severe hepatic
dysfunction, suggesting that carnitine depletion may represent a common feature of conditions characterized
by impaired metabolic homeostasis and increased energetic demands (Alhasaniah, 2023; Pekala et al., 2011).

4. Molecular rationale for L-carnitine use in PMOS

4.1. Antioxidant properties

Oxidative stress is considered one of the key mechanisms involved in the pathogenesis of PMOS and is
present at systemic, ovarian and intrafollicular levels (Placidi et al., 2023). Increased production of reactive
oxygen species (ROS), accompanied by reduced total antioxidant capacity, contributes to mitochondrial
dysfunction, insulin resistance, chronic low-grade inflammation and hyperandrogenism, thereby creating a
cycle that further exacerbates metabolic and reproductive abnormalities (De Rubeis et al., 2024). Within the
ovary, excessive ROS generation impairs folliculogenesis, disrupts steroidogenesis and reduces oocyte quality,
maturation and fertilization potential (Palmerini et al., 2023; Placidi et al., 2022, 2023). Moreover,
oxidative stress promotes the formation of advanced glycation end-products (AGEs), which further amplify
inflammatory signalling and oxidative damage, contributing to ovarian dysfunction and anovulation
(Palmerini et al., 2023).

Carnitines may exert antioxidant effects through several complementary mechanisms involving both
direct modulation of ROS and improvement of mitochondrial function. Experimental and clinical evidence
suggests that L-carnitine (LC) and its derivatives, particularly ALC and propionyl-L-carnitine (PLC), reduce
oxidative stress by scavenging free radicals, limiting their formation, and preserving the integrity of the
mitochondrial electron transport chain, thereby decreasing mitochondrial ROS generation under stress
conditions (Maleki et al., 2019; Petrillo et al., 2021). Carnitines have also been shown to increase the
activity of endogenous antioxidant enzymes, including superoxide dismutase (SOD) and catalase, while
modulating redox-sensitive signalling pathways such as NF-kB, resulting in reduced production of pro-
inflammatory cytokines including TNF-a, IL-6 and IFN-y (Kalhori et al., 2019; Petrillo et al., 2021; Zhang
etal., 2025). In addition, carnitines protect cellular structures from oxidative injury by maintaining membrane
stability through acetylation of membrane phospholipids and by preventing free radical-induced DNA damage
(Petrillo et al., 2022).

In murine ovarian tissue, carnitine supplementation has been associated with increased expression of
mitochondrial regulators such as mitochondrial transcription factor A (mtTFA), SIRT1, SIRT3 and SOD?2,
indicating enhancement of mitochondrial biogenesis and antioxidant defence systems (Placidi et al., 2022).
Animal studies further demonstrated that carnitines alleviate oxidative and glycative damage within the
ovarian microenvironment, reduce lipid peroxidation and malondialdehyde concentrations, and improve
mitochondrial activity and oocyte competence under conditions of redox imbalance (Placidi et al., 2022).
Importantly, the addition of PLC to LC-ALC formulations appears to provide superior protection against
oxidative and glycative stress, with greater efficacy in preserving mitochondrial function and tissue
architecture (Hu et al., 2023). Collectively, these findings suggest that the antioxidant activity of carnitines
extends beyond simple free radical scavenging and involves broader regulation of mitochondrial function,
inflammatory signalling and cellular redox balance.
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4.2. Insulin-sensitizing and metabolic effects

Beyond its antioxidant activity, L-carnitine plays an important role in metabolic homeostasis. By
facilitating the translocation of long-chain fatty acids into the mitochondrial matrix, carnitines enhance lipid
utilization and reduce intracellular lipid accumulation, which is a key contributor to insulin resistance (Fenkci
et al., 2008; Mazza et al., 2024). This mechanism is particularly relevant in PMOS, where IR is a central
feature linking metabolic dysfunction with reproductive abnormalities.

Several clinical studies have demonstrated favorable effects of L-carnitine supplementation on
metabolic parameters associated with PMOS, especially when combined with other supplements (e.g.
chromium, myo-inositol, L-arginine, L-cysteine) (Genazzani et al., 2025; Jamilian et al., 2020).
Improvements in fasting insulin concentrations, HOMA-IR values and insulin sensitivity indices have been
reported following treatment with both LC and ALC formulations (Hafezi et al., 2024; Salehpour et al.,
2019; Tauqir et al., 2021). These effects appear to be particularly pronounced in overweight, obese and
hyperinsulinaemic patients, suggesting that carnitines may be most beneficial in metabolically impaired
phenotypes (Genazzani et al., 2020, 2025).

In addition to improving insulin sensitivity, carnitine supplementation has been associated with
reductions in body weight, body mass index and waist circumference, although the magnitude of these effects
varies considerably between studies (Liao et al., 2022; Maleki et al., 2019; Zhao et al., 2025). The
influence of carnitines on lipid metabolism remains less consistent; while several clinical trials and meta-
analyses demonstrated reductions in triglycerides, total cholesterol and LDL cholesterol accompanied by
increases in HDL cholesterol, other studies failed to observe significant changes in lipid profiles (Liao et al.,
2022; Salehpour et al., 2019; Sangouni et al., 2022).

Studies assessing the impact of lipid and carbohydrate metabolism also yield inconsistent results.
Sangouni et al. suggest no improvement in liver fat content or cardiometabolic outcomes, whereas Talari et al.
report a significant decrease in carotid intima-media thickness and an increase in plasma NO concentration in
patients with PMOS (Sangouni et al., 2021; Talari et al., 2019). These findings combined show that fully
understanding and accurately assessing the effects of LC is difficult and poses a significant challenge in the
scientific community.

4.3. Effects on steroidogenesis and androgen metabolism

Different observations suggest that carnitines may influence endocrine abnormalities associated with
PMOS by modulating androgen homeostasis. Clinical studies in women with PMOS have reported associations
between reduced circulating L-carnitine concentrations and markers of hyperandrogenism, including increased
free androgen index (FAI) and lower sex hormone-binding globulin (SHBG) concentrations (Fenkci et al.,
2008). Moreover, some clinical studies and meta-analyses reported reductions in serum testosterone
concentrations following L-carnitine supplementation, although the magnitude and consistency of these effects
varied between studies (Shukri et al., 2022). Experimental data from animal models additionally
demonstrated improvements in ovarian endocrine function, menstrual cycle regularity, and pregnancy rates.
Interestingly, formulations containing PLC appear to exert more pronounced anti-androgenic effects than LC
or ALC alone, with superior efficacy in maintaining testosterone concentrations close to physiological values
in DHEA-induced PMOS models (D1 Emidio et al., 2020).

Various authors have proposed that these effects may involve modulation of hypothalamic-pituitary-
gonadal axis activity and subsequent alterations in gonadotropin secretion (Di Emidio et al., 2020).
Improvements in LH concentrations and menstrual regularity have been reported in some clinical studies
employing carnitine-containing formulations, although the results are not consistent (Genazzani et al., 2020,
2025; Placidi et al., 2022). In addition, experimental evidence suggests that carnitines may indirectly support
physiological steroidogenesis by preserving granulosa and theca cell function and limiting pathological
alterations within the ovarian microenvironment known to promote excessive androgen production (Kalhori
et al., 2019; Palmerini et al., 2023). The available data remain heterogeneous and it is currently unclear
whether the endocrine benefits observed in clinical studies result from direct modulation of steroidogenic
pathways or represent secondary consequences of broader improvements in ovarian physiology.

e-ISSN: 2544-9435 5
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4.4. Reproductive and fertility outcomes

Evidence regarding the effects of carnitine supplementation on menstrual cyclicity, reproductive
hormones and fertility outcomes in women with PMOS remains limited and inconclusive. While several
studies and systematic reviews have reported improvements in menstrual regularity, ovulation rates and
pregnancy outcomes following carnitine administration (Pandey et al., 2025; Petrillo et al., 2021; Placidi
et al., 2023), randomized controlled trials evaluating assisted reproductive technology outcomes failed to
demonstrate significant benefits (Abu-Zaid et al., 2025; Hafezi et al., 2024; Sheida et al., 2021).
Moreover, interpretation of the available literature is further complicated by the retraction of three influential
studies investigating the effects of L-carnitine in clomiphene-resistant PMOS patients, which substantially
limits the strength of evidence in this area and precludes firm conclusions regarding the reproductive efficacy
of carnitine supplementation (I. A. El Sharkwy & Abd El Aziz, 2019; 1. A. El Sharkwy & Sharaf EI-
Din, 2019; Ismail et al., 2014). Figure 3. represents different proposed mechanisms of action and potential
benefits from L-carnitine supplementation in patients with PMOS (Fig. 3).

-
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Improvement of Antioxidant and Improvement of Endocrine
the mitochondrial antiglycative insulin sensitivity modulation
function effects « Enhanced « Reduced
« Enhanced fatty « Scavenging of glucose uptake androgenlevels
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« Increasedbeta- « Reductionof the resistance mass and BMI
oxidation oxidative stress * Improved lipid « Improved
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ovulationrates
\E Y. &
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+ Improvedmetabolic profile
» Improvedendothelial function
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+ Potentially:improved oocyte and embryo quality
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Fig. 3. Overview of potential mechanisms of action and beneficial influence of L-carnitine and its derivates
on women affected by PMOS.
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5. Current challenges and future prospects

5.1. Effective dosage and drug safety

Due to the large number of clinical studies investigating carnitine supplementation in women with
PMOS, as well as the considerable heterogeneity of intervention protocols with respect to administered dosage,
the relative proportions of ALC and PLC, and treatment duration, it remains difficult to define a single optimal
or universally effective daily dose. The majority of randomized controlled trials evaluated oral L-carnitine at
doses ranging from 250 to 3000 mg/day, with treatment periods typically lasting 1224 weeks (Genazzani et
al., 2020; Maleki et al., 2019; Sangouni et al., 2022). Machine learning-based modelling proposed that
daily doses of at least 250 mg administered for approximately 14 weeks may be required to achieve clinically
meaningful reductions in body weight (D.-D. Wang et al., 2022). Other analyses suggested that doses around
2000 mg/day may provide maximal therapeutic effects, although a clear dose-response relationship has not
been consistently demonstrated (Gong et al., 2023).

The available evidence further indicates that treatment response may differ according to baseline
metabolic status. Improvements in insulin sensitivity and glucose homeostasis appear to be more pronounced
in overweight, obese and hyperinsulinaemic women, whereas metabolically healthy or normoinsulinaemic
individuals often derive less measurable benefit (Genazzani et al., 2020, 2025).

Carnitine supplementation has generally demonstrated an excellent safety profile in clinical studies
involving women with PMOS. No serious adverse events attributable to treatment were reported in randomized
controlled trials or meta-analyses, and supplementation was generally well tolerated even during prolonged
administration. The most commonly described adverse effects in studies conducted in other populations
include mild gastrointestinal symptoms such as nausea, abdominal discomfort and diarrhea, which are typically
dose-dependent and self-limiting (Liao et al., 2022; Shukri et al., 2022).

5.2. Supplement formulation

Some studies suggest differential effects among individual carnitine derivatives, with ALC and PLC
potentially exhibiting higher effectiveness than LC and distinct tissue-specific activities, possibly due to their
pharmacokinetics (Di Emidio et al., 2020; Palmerini et al., 2023).

It should be emphasized that a proportion of the available evidence derives from studies evaluating L-
carnitine as part of combination nutraceutical regimens rather than as monotherapy. Among these, co-
administration of LC and chromium was associated with significant reductions in body weight, improved
glycaemic control and favorable effects on psychological health in women with PMOS, including relieving
depression symptoms (Jamilian et al., 2019, 2020).

Similarly, integrative formulations combining LC and ALC with compounds such as L-arginine, N-
acetyl-cysteine, L-cysteine and myo-inositol demonstrated beneficial effects on several metabolic parameters,
including fasting insulin concentrations, HOMA-IR, triglycerides and total cholesterol levels, while increasing
HDL concentrations (Genazzani et al., 2020, 2025). Several authors have proposed that this differential
response may be partially explained by impaired hepatic insulin extraction, which is increasingly recognized
as an important contributor to compensatory hyperinsulinaemia in obese women with PMOS (Genazzani et
al., 2020; Placidi et al., 2022).

Moreover, treatment with pioglitazone was associated with significant increases in circulating free
carnitine, propionyl-carnitine and total carnitine concentrations after 16 weeks of therapy (Vigerust et al.,
2012). Additional evidence comes from studies evaluating ALC as part of combination insulin-sensitizing
regimens. In women with PMOS treated with metformin and pioglitazone, the addition of ALC for 3 months
was associated with a significant increase in circulating adiponectin concentrations, a hormone typically
reduced in PMOS and linked to metabolic syndrome risk (Tauqir et al., 2021). However, given the
concomitant administration of multiple insulin-sensitizing agents, the specific contribution of LC to the
observed effects remains difficult to determine.

e-ISSN: 2544-9435 7
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5.3. Limitations of current evidence

The current evidence regarding the use of carnitines in PMOS is limited by several important
methodological shortcomings. Most randomized clinical trials enrolled relatively small study populations,
frequently comprising fewer than 100 participants, which substantially limits statistical power and
generalizability of the findings (Gong et al., 2023; Sangouni et al., 2022; Sheida et al., 2021).
Considerable heterogeneity exists across studies with respect to patient characteristics, including BMI, degree
of insulin resistance, hyperandrogenic phenotype and infertility status, making direct comparisons difficult
(Liao et al., 2022).

Additional variability arises from differences in intervention protocols, including the type of carnitine
formulation administered (LC, ALC or PLC), dosage, treatment duration and the frequent use of combination
nutraceutical regimens involving chromium, myo-inositol, N-acetyl-cysteine or L-arginine (Genazzani et al.,
2020, 2025; Jamilian et al., 2019, 2020). Consequently, the independent contribution of carnitines to the
observed clinical effects often cannot be reliably determined. Furthermore, several studies combined carnitine
supplementation with pharmacological agents such as metformin or pioglitazone, introducing additional
confounding factors (Taugqir et al., 2021; Vigerust et al., 2012).

Finally, a substantial proportion of the mechanistic evidence supporting the use of carnitines originates
from animal experiments and in vitro studies, particularly those investigating oxidative stress, glycative
pathways and mitochondrial function within the ovarian microenvironment (De Rubeis et al., 2024; Kalhori
et al., 2019; Palmerini et al., 2023). While these findings provide important biological plausibility, their
translation into clinically meaningful outcomes in women with PMOS remains insufficiently established.

6. Discussion

The growing interest in L-carnitine supplementation in PMOS reflects the increasing recognition of the
multifactorial nature of this syndrome and the need for therapeutic strategies targeting not only reproductive
abnormalities but also metabolic dysfunction and chronic low-grade inflammation. Unlike conventional
pharmacological approaches that predominantly address single aspects of the disease, carnitines appear to act
at multiple levels simultaneously, including mitochondrial bioenergetics, oxidative stress, insulin sensitivity
and endocrine regulation (Liao et al., 2022; Zhang et al., 2025).

The available evidence suggests that the most clinically relevant effects of carnitines may occur in
metabolically impaired phenotypes, particularly in overweight, obese and hyperinsulinaemic women. This
observation is biologically plausible given the close relationship between mitochondrial dysfunction, impaired
fatty acid oxidation and insulin resistance in PMOS. Improvements in glucose homeostasis and insulin
sensitivity may subsequently contribute to partial normalization of ovarian function and androgen excess,
although the extent to which these endocrine effects result directly from carnitine activity remains uncertain
(Maleki et al., 2019; Shukri et al., 2022).

An important emerging concept is that the therapeutic efficacy of carnitines may depend not only on dosage
but also on the specific formulation used. Increasing evidence suggests that ALC and PLC possess distinct
pharmacokinetic properties and tissue-specific activities that may translate into different clinical outcomes (D1
Emidio et al., 2020). Similarly, several studies indicate that carnitines may exert synergistic effects when
administered alongside other nutraceuticals or insulin-sensitizing agents. However, the widespread use of
combination regimens considerably complicates interpretation of the available data and limits the ability to identify
the independent contribution of individual compounds (Genazzani et al., 2020, 2025).

7. Conclusions

L-carnitine and its derivatives represent promising adjunctive agents in the management of PMOS due
to their pleiotropic effects on mitochondrial function, oxidative stress, insulin sensitivity and metabolic
homeostasis. Despite encouraging mechanistic and clinical findings, current evidence remains insufficient to
support routine recommendation of carnitine supplementation as a standard component of PMOS management.
Therefore, at present, carnitines should be considered a promising adjunctive strategy rather than a replacement
for established lifestyle and pharmacological interventions.

Future research should focus on large, adequately powered randomized trials using standardized
carnitine formulations, clearly defined dosages and clinically relevant endpoints. Particular attention should
be paid to identifying patient subgroups most likely to benefit from supplementation. Improved understanding
of these issues may facilitate the integration of carnitines into personalized therapeutic approaches for women
with PMOS.

e-ISSN: 2544-9435 8



3(51) (2026): International Journal of Innovative Technologies in Social Science

Acknowledgements: Authors have no conflicts of interest to declare. All graphics were made using free

Canva software.

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

Abu-Zaid, A., Alghamdi, G. A., Alharbi, A. S., Baradwan, S., Saleh, S. A. K., Adly, H. M., Alzayed, M. M., Abuzaid,
M., Sindi, R., Alsabban, M., & Alomar, O. (2025). Effect of L-carnitine supplementation on fertility outcomes
among patients with polycystic ovary syndrome: A systematic review and dose-response meta-analysis of
randomized clinical trials. Obstetrics and Gynecology Science, 68(4), 260-272. https://doi.org/10.5468/0gs.24272

Alesi, S., Ee, C., Moran, L. J., Rao, V., & Mousa, A. (2022). Nutritional supplements and complementary therapies
in polycystic ovary syndrome. Advances in Nutrition, 13, 1243-1266. https://doi.org/10.1093/advances/nmab141

Alhasaniah, A. H. (2023). L-carnitine: Nutrition, pathology, and health benefits. Saudi Journal of Biological
Sciences, 30(2), 103555. https://doi.org/10.1016/j.sjbs.2022.103555

Almannai, M., Alfadhel, M., & El-Hattab, A. W. (2019). Carnitine inborn errors of metabolism. Molecules, 24(18),
3251. https://doi.org/10.3390/molecules24183251

Baracat, E. C., Baracat, M. C. P., & Soares, J. M. (2022). Are there new insights for the definition of PCOS?
Gynecological Endocrinology, 38(9), 703—704. https://doi.org/10.1080/09513590.2022.2121387

Bashir, S., Shah, I. M., Javeed, S., Rafiquee, A., Mir, B., Hassan Mir, R., Geer, M. 1., & Ganie, M. A. (2026). Beyond
conventional therapy: A comprehensive review of herbal, traditional, and emerging interventions for polycystic
ovary syndrome. Current Molecular Medicine, 26. https://doi.org/10.2174/0115665240406897251206074722

Celik, F., Kose, M., Yilmazer, M., Kéken, G. N., Arioz, D. T., & Kanat Pektas, M. (2017). Plasma L-carnitine levels
of obese and non-obese polycystic ovary syndrome patients. Journal of Obstetrics and Gynaecology, 37(4), 476—
479. https://doi.org/10.1080/01443615.2016.1264375

De Rubeis, M., Mascitti, I. A., Cocciolone, D., Placidi, M., Vergara, T., Di Emidio, G., Macchiarelli, G., Tatone, C.,
Nottola, S. A., & Palmerini, M. G. (2024). Morphological and redox/glycative alterations in the PCOS oviducts:
Modulating effects of carnitines in PCOS mice. Biology, 13, 964. https://doi.org/10.3390/biology 13120964

Di Emidio, G., Rea, F., Placidi, M., Rossi, G., Cocciolone, D., Virmani, A., Macchiarelli, G., Palmerini, M. G.,
D’alessandro, A. M., Artini, P. G., & Tatone, C. (2020). Regulatory functions of L-carnitine, acetyl, and propionyl
L-carnitine in a PCOS mouse model: Focus on antioxidant/antiglycative molecular pathways in the ovarian
microenvironment. Antioxidants, 9(9), 867—17. https://doi.org/10.3390/antiox9090867

El Sharkwy, 1. A., & Abd El Aziz, W. M. (2019). Randomized controlled trial of N-acetylcysteine versus L-carnitine
among women with clomiphene-citrate-resistant polycystic ovary syndrome. International Journal of Gynecology
and Obstetrics, 147(1), 59-64. https://doi.org/10.1002/ijgo.12902

El Sharkwy, 1. A., & Sharaf El-Din, M. (2019). L-carnitine plus metformin in clomiphene-resistant obese PCOS
women, reproductive and metabolic effects: A randomized clinical trial. Gynecological Endocrinology, 35(8), 701—
705. https://doi.org/10.1080/09513590.2019.1576622

Escobar-Morreale, H. F. (2018). Polycystic ovary syndrome: Definition, aetiology, diagnosis and treatment. Nature
Reviews Endocrinology, 14(5), 270-284. https://doi.org/10.1038/nrendo.2018.24

The Rotterdam ESHRE/ASRM-sponsored PCOS consensus workshop group. (2004). Revised 2003 consensus on
diagnostic criteria and long-term health risks related to polycystic ovary syndrome. Human Reproduction, 19(1),
41-47. https://doi.org/10.1093/humrep/deh098

Fenkci, S. M., Fenkci, V., Oztekin, O., Rota, S., & Karagenc, N. (2008). Serum total L-carnitine levels in non-obese
women with polycystic ovary syndrome. Human Reproduction, 23(7), 1602—-1606.
https://doi.org/10.1093/humrep/den109

Genazzani, A. D., Battipaglia, C., Foschi, M., Semprini, E., Aio, C., Spelta, E., Kostrzak, A., Rusce, M. L., Szeliga,
A., & Meczekalski, B. (2025). Improved insulin sensitivity and reproductive profile in overweight/obese PCOS
patients undergoing integrative treatment with carnitines, L-arginine, L-cysteine and myo-inositol. Gynecological
Endocrinology, 41(1), 2458710. https://doi.org/10.1080/09513590.2025.2458710

Genazzani, A. D., Prati, A., Genazzani, A. R., Battipaglia, C., Simoncini, T., Szeliga, A., Podfigurna, A., &
Meczekalski, B. (2020). Synergistic effects of the integrative administration of acetyl-L-carnitine, L-carnitine, L-
arginine and N-acetyl-cysteine on metabolic dynamics and on hepatic insulin extraction in overweight/obese patients
with PCOS. Gynecological and Reproductive Endocrinology and Metabolism, 1(1), 56—63.

Gong, Y., Jiang, T., He, H., Wang, Y., Wu, G. L., Shi, Y., Cai, Q., Xiong, C. L., Shen, R., & Li, J. (2023). Effects
of carnitine on glucose and lipid metabolic profiles and fertility outcomes in women with polycystic ovary syndrome:
A systematic review and meta-analysis. Clinical Endocrinology, 98(5), 682—691. https://doi.org/10.1111/cen.14885

e-ISSN: 2544-9435 9



3(51) (2026): International Journal of Innovative Technologies in Social Science

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hafezi, M., Arabipoor, A., Ghaffari, F., Vesali, S., Zareei, M., & Hessari, Z. H. (2024). Adding L-carnitine to
antagonist ovarian stimulation doesn’t improve the outcomes of IVF/ ICSI cycle in patients with polycystic ovarian
syndrome: A double-blind randomized clinical trial. Journal of Ovarian Research, 17(9), 1-9.
https://doi.org/10.1186/s13048-023-01319-7

Harmeyer, J. (2002). The physiological role of L-carnitine. Lohmann Information, 27, 1-8.

Hu, X., Wang, W., Su, X., Peng, H., Tan, Z., Li, Y., & Huang, Y. (2023). Comparison of nutritional supplements in
improving glycolipid metabolism and endocrine function in polycystic ovary syndrome: A systematic review and
network meta-analysis. PeerJ, 11, e16410. https://doi.org/10.7717/peerj.16410

Ismail, A. M., Hamed, A. H., Saso, S., & Thabet, H. H. (2014). Adding L-carnitine to clomiphene resistant PCOS
women improves the quality of ovulation and the pregnancy rate. A randomized clinical trial. European Journal of
Obstetrics and Gynecology and Reproductive Biology, 180(1), 148-152.
https://doi.org/10.1016/j.ejogrb.2014.06.008

Jamilian, M., Foroozanfard, F., Kavossian, E., Aghadavod, E., Amirani, E., Mahdavinia, M., Mafi, A., & Asemi, Z.
(2019). Carnitine and chromium co-supplementation affects mental health, hormonal, inflammatory, genetic, and
oxidative stress parameters in women with polycystic ovary syndrome. Journal of Psychosomatic Obstetrics and
Gynecology, 1-9. https://doi.org/10.1080/0167482X.2018.1557144

Jamilian, M., Foroozanfard, F., Kavossian, E., Kia, M., Aghadavod, E., Amirani, E., & Asemi, Z. (2019). Effects of
chromium and carnitine co-supplementation on body weight and metabolic profiles in overweight and obese women
with polycystic ovary syndrome: A randomized, double-blind, placebo-controlled trial. Biological Trace Element
Research, 193, 334-341. https://doi.org/10.1007/s12011-019-01720-8

Kalhori, Z., Mehranjani, M. S., Azadbakht, M., & Shariatzadeh, M. A. (2019). L -carnitine improves endocrine
function and folliculogenesis by reducing inflammation, oxidative stress and apoptosis in mice following induction
of polycystic ovary syndrome. Reproduction,  Fertility =~ and  Development, 31, 282-293.
https://doi.org/10.1071/RD18131

Liao, D., Liu, X., Yuan, X., Feng, P., Ouyang, Z., Liu, Y., & Li, C. (2022). Clinical evidence of the effects of
carnitine supplementation on body weight, glycemic control and serum lipids in women with polycystic ovary
syndrome: A systematic review and meta-analysis. Gynecological Endocrinology, 38(2), 110-115.
https://doi.org/10.1080/09513590.2021.1988559

Maleki, V., Jafari-Vayghan, H., Kashani, A., Moradi, F., Vajdi, M., Kheirouri, S., & Alizadeh, M. (2019). Potential
roles of carnitine in patients with polycystic ovary syndrome: A systematic review. Gynecological Endocrinology,
35(6), 463—469. https://doi.org/10.1080/09513590.2019.1576616

Mazza, T., Scalise, M., Console, L., Galluccio, M., Giangregorio, N., Tonazzi, A., Pochini, L., & Indiveri, C. (2024).
Carnitine traffic and human fertility. Biochemical Pharmacology, 230, 116565.
https://doi.org/10.1016/J.BCP.2024.116565

Palmerini, M. G., Macchiarelli, G., Cocciolone, D., Mascitti, I. A., Placidi, M., Vergara, T., Di Emidio, G., & Tatone,
C. (2023). Modulating morphological and redox/glycative alterations in the PCOS uterus: Effects of carnitines in
PCOS mice. Biomedicines, 11, 374. https://doi.org/10.3390/biomedicines11020374

Pandey, C., Maunder, A., Liu, J., Vaddiparthi, V., Costello, M. F., Bahri-Khomami, M., Mousa, A., & Ee, C. (2025).
The role of nutrient supplements in female infertility: An umbrella review and hierarchical evidence synthesis.
Nutrients , 17(1), 57. https://doi.org/10.3390/nul17010057

Pekala, J., Patkowska-Sokota, B., Bodkowski, R., Jamroz, D., Nowakowski, P., Lochynski, S., & Librowski, T.
(2011). L-carnitine-metabolic functions and meaning in humans life. Current Drug Metabolism, 12, 667-678.

Petrillo, T., Battipaglia, C., Virmani, M. A., Genazzani, A. R., & Genazzani, A. D. (2021). Neuroendocrine effects
of carnitines on reproductive impairments. International Journal of Molecular Sciences, 22, 10781.
https://doi.org/10.3390/ijms221910781

Petrillo, T., Semprini, E., Tomatis, V., Arnesano, M., Ambrosetti, F., Battipaglia, C., Sponzilli, A., Ricciardiello, F.,
Genazzani, A. R., & Genazzani, A. D. (2022). Putative complementary compounds to counteract insulin-resistance
in PCOS patients. Biomedicines, 10, 1924. https://doi.org/10.3390/biomedicines10081924

Placidi, M., Di Emidio, G., Virmani, A., D’Alfonso, A., Artini, P. G., D’alessandro, A. M., & Tatone, C. (2022).
Carnitines as mitochondrial modulators of oocyte and embryo bioenergetics. Antioxidants, 11, 745.
https://doi.org/10.3390/antiox 11040745

Placidi, M., Vergara, T., Casoli, G., Flati, L., Capece, D., Artini, P. G., Virmani, A., Zanatta, S., D’Alessandro, A.
M., Tatone, C., & Di Emidio, G. (2023). Acyl-carnitines exert positive effects on mitochondrial activity under
oxidative stress in mouse oocytes: A potential mechanism underlying carnitine efficacy on PCOS. Biomedicines, 11,
2474. https://doi.org/10.3390/biomedicines 11092474

e-ISSN: 2544-9435 10



3(51) (2026): International Journal of Innovative Technologies in Social Science

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Salehpour, S., Nazari, L., Hoseini, S., Moghaddam, P. B., & Gachkar, L. (2019). Effects of L-carnitine on polycystic
ovary syndrome. Jornal Brasileiro de Reproducao Assistida, 23(4), 392-395. https://doi.org/10.5935/1518-
0557.20190033

Sangouni, A. A., Pakravanfar, F., Ghadiri-Anari, A., Nadjarzadeh, A., Fallahzadeh, H., & Hosseinzadeh, M. (2022).
The effect of L-carnitine supplementation on insulin resistance, sex hormone-binding globulin and lipid profile in
overweight/obese women with polycystic ovary syndrome: A randomized clinical trial. European Journal of
Nutrition, 61, 1199-1207. https://doi.org/10.1007/s00394-021-02659-0

Sangouni, A. A., Sasanfar, B., Ghadiri-Anari, A., & Hosseinzadeh, M. (2021). Effect of L-carnitine supplementation
on liver fat content and cardiometabolic indices in overweight/obese women with polycystic ovary syndrome: A
randomized controlled trial. Clinical Nutrition ESPEN, 46, 54-59. https://doi.org/10.1016/j.clnesp.2021.08.005

Seline, K.-G., & Johein, H. (2007). The determination of L-carnitine in several food samples. Food Chemistry, 105,
793-804. https://doi.org/10.1016/j.foodchem.2007.01.058

Sheida, A., Davar, R., Tabibnejad, N., & Eftekhar, M. (2021). The effect of adding L-carnitine to the GnRH-
antagonist protocol on assisted reproductive technology outcome in women with polycystic ovarian syndrome: A
randomized clinical trial. Gynecological Endocrinology, 39(1). https://doi.org/10.1080/09513590.2021.1878135

Shukri, M. F. M., Norhayati, M. N., Badrin, S., & Kadir, A. A. (2022). Effects of L-carnitine supplementation for
women with polycystic ovary syndrome: A systematic review and meta-analysis. PeerJ, 10, ¢13992.
https://doi.org/10.7717/peerj. 13992

Stein, I. F., & Leventhal, M. L. (1935). Amenorrhea associated with bilateral polycystic ovaries. American Journal
of Obstetrics and Gynecology, 29, 181-191. https://doi.org/10.1016/s0002-9378(15)30642-6

Talari, H. R., Azad, Z. J., Hamidian, Y., Samimi, M., Gilasi, H. R., Afshar, F. E., Ostadmohammadi, V., & Asemi,
Z.(2019). Effects of carnitine administration on carotid intima-media thickness and inflammatory factors in patients
with polycystic ovary syndrome: A randomized, double-blind, placebo-controlled trial. International Journal of
Preventive Medicine, 10(89), 1-6. https://doi.org/10.4103/ijpvm.IJPVM_2 18

Tauqir, S., Israr, M., Rauf, B., Malik, M. O., Habib, S. H., Shah, F. A., Usman, M., Raza, M. A., Shah, 1., Badshah,
H., Ehtesham, E., & Shah, M. (2021). Acetyl-L-carnitine ameliorates metabolic and endocrine alterations in women
with PCOS: A double-blind randomized clinical trial. Advances in Therapy, 38(7), 3842-3856.
https://doi.org/10.1007/s12325-021-01789-5

Teede, H. J., Khomami, M. B., Morman, R., Laven, J. S. E., Joham, A. E., Costello, M. F., Patil, M., Rees, D. A.,
Berry, L., Cree, M. G., Zhao, H., Norman, R. J., Dokras, A., Piltonen, T., & Global Name Change Consortium.
(2026). Polyendocrine metabolic ovarian syndrome, the new name for polycystic ovary syndrome: A multistep
global consensus process. Lancet (London, England), 407, 2329-2339. https://doi.org/10.1016/S0140-
6736(26)00717-8

Vigerust, N. F., Bohov, P., Bjorndal, B., Seifert, R., Nygard, O., Svardal, A., Glintborg, D., Berge, R. K., & Gaster,
M. (2012). Free carnitine and acylcarnitines in obese patients with polycystic ovary syndrome and effects of
pioglitazone treatment. Fertility and Sterility, 98(6), 1620—1626. https://doi.org/10.1016/j.fertnstert.2012.08.024

Wang, D.-D., Li, Y.-F., Mao, Y.-Z., He, S.-M., Zhu, P., & Wei, Q.-L. (2022). A machine-learning approach for
predicting the effect of carnitine supplementation on body weight in patients with polycystic ovary syndrome.
Frontiers in Nutrition, 9, 1-8. https://doi.org/10.3389/fnut.2022.851275

Zhang, Y., Ma, H., Sun, P., Liu, K., Wang, J., & Zhao, W. (2025). Therapeutic targets of L-carnitine against
polycystic ovary syndrome and the underlying signaling mechanisms. Medicine (United States), 104(51), 1-10.
https://doi.org/10.1097/MD.0000000000046532

Zhao, G., Fan, Y., Li, R., Huang, Y., Li, W., Zhao, Y., Zhou, M., & He, J. (2025). The effectiveness of nutritional
supplements in improving polycystic ovary syndrome in women: A systematic review and network meta-analysis.
Reproductive Biology and Endocrinology, 23, 1-20. https://doi.org/10.1186/s12958-025-01409-9

e-ISSN: 2544-9435 11



	1. Introduction
	2. Methodology
	3. Biological role of carnitine
	3.1. Chemical structure and synthesis of carnitine
	3.2. Physiological functions of L-carnitine
	3.3. L-carnitine levels in women with PMOS

	4. Molecular rationale for L-carnitine use in PMOS
	4.1. Antioxidant properties
	4.2. Insulin-sensitizing and metabolic effects
	4.3. Effects on steroidogenesis and androgen metabolism
	4.4. Reproductive and fertility outcomes

	5. Current challenges and future prospects
	5.1. Effective dosage and drug safety
	5.2. Supplement formulation
	5.3. Limitations of current evidence

	6. Discussion
	7. Conclusions

