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Abstract

Background: Polycystic ovarian syndrome (PCOS) is one of the 
most common endocrine disorders affecting women of reproduc-
tive age and a major cause of anovulatory infertility. L-carnitine, a 
naturally occurring compound involved in energy metabolism and 
mitochondrial function, has gained attention for its potential role in 
enhancing ovarian function and improving reproductive outcomes. 
However, evidence regarding its efficacy during controlled ovarian 
stimulation remains limited and inconsistent.

Methods: A comprehensive literature search was conducted across 
multiple electronic databases from inception to May 2025 to identify 
eligible randomized controlled trials (RCTs) evaluating L-carnitine 
supplementation compared with placebo in women with PCOS un-
dergoing controlled ovarian stimulation. Data were extracted and ana-
lyzed using RevMan software. Primary outcomes included ovulation 
rate and clinical pregnancy rate; secondary outcomes were endome-
trial thickness and number of mature follicles.

Results: Six RCTs comprising 485 participants met the inclusion cri-
teria. Pooled analysis demonstrated that L-carnitine supplementation 
significantly improved ovulation and clinical pregnancy rates com-
pared with placebo. Additionally, women receiving L-carnitine ex-

hibited greater endometrial thickness and a higher number of mature 
follicles than those in the control group.

Conclusions: L-carnitine supplementation during controlled ovarian 
stimulation appears to enhance reproductive outcomes in women with 
PCOS by improving ovulation, endometrial receptivity, and follicular 
development. These findings suggest that L-carnitine may serve as a 
valuable adjunct therapy in fertility treatment protocols for women 
with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrine disorders affecting women of reproductive 
age, with an estimated global prevalence of 5–15% [1]. The 
etiology of PCOS is multifactorial, involving a complex inter-
play of genetic, environmental, and lifestyle factors, though its 
precise pathogenesis remains unclear [2]. Clinically, PCOS is 
characterized by chronic anovulation, hyperandrogenism, in-
sulin resistance, and menstrual irregularities [3, 4].

Women with PCOS frequently experience ovulatory dys-
function driven by excess body weight, elevated androgen con-
centrations, and increased luteinizing hormone (LH) secretion, 
contributing to subfertility and difficulty achieving pregnancy 
[5, 6]. Management typically focuses on lifestyle modification 
and pharmacological interventions such as ovulation-inducing 
agents, insulin sensitizers, and gonadotropins [7]. Emerging 
evidence further highlights the role of nutrition-related meta-
bolic pathways in regulating ovarian physiology, raising inter-
est in dietary supplements as adjunctive strategies to improve 
reproductive outcomes [8].

L-carnitine, the biologically active form of carnitine syn-
thesized from lysine and methionine, plays a key role in mito-
chondrial fatty acid transport, cellular energy production, and 
metabolic regulation, with reported benefits on insulin sensi-
tivity, oxidative stress, and glucose metabolism [9–11]. Nota-
bly, women with PCOS have been shown to have lower levels 
of total and free L-carnitine, a deficiency associated with el-
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evated androgen and insulin levels that may contribute to the 
metabolic and reproductive disturbances characteristic of this 
syndrome [12].

Studies examining the effects of L-carnitine supplemen-
tation on reproductive outcomes in women with PCOS un-
dergoing controlled ovarian stimulation (COS) have yielded 
inconsistent results. One study demonstrated that combining L-
carnitine with letrozole for ovulation induction improves ovu-
lation rates, clinical pregnancy rates, and endometrial thick-
ness in PCOS patients [13]. In contrast, another study reported 
no significant benefits on pregnancy outcomes or endometrial 
development when L-carnitine was added to antagonist ovar-
ian stimulation protocol [14]. Given the limited and conflicting 
evidence, a rigorous pooled analysis is needed to provide more 
reliable estimates of the effect of L-carnitine supplementation 
on fertility outcomes in this population. Consequently, we con-
ducted a systematic review and meta-analysis to evaluate the 
impact of L-carnitine supplementation during COS on fertility 
outcomes in women with PCOS.

Materials and Methods

This systematic review and meta-analysis were conducted fol-
lowing the Cochrane Handbook for Systematic Reviews of 
Interventions. We adhered to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) state-
ment guidelines during the preparation of our review. All the 
data used in this review were extracted from published papers, 
making ethical approval unnecessary.

Search strategy

A comprehensive literature search was conducted across four 
electronic databases (PubMed, Scopus, Cochrane Library, and 
Web of Science) from inception through May 2025, with no 
restrictions on language or publication year. The search com-
bined terms related to the intervention (Carnitine OR Levo-
carnitine OR L-carnitine OR L carnitine) and the condition 
(Polycystic ovary syndrome OR Polycystic ovarian syndrome 
OR PCOS OR Stein-Leventhal syndrome OR Stein Leventhal 
syndrome) using Boolean operators. Two reviewers (SB and 
MSA) independently conducted the search, with disagree-
ments resolved through discussion and consensus.

Study selection

Studies were eligible for inclusion if they met the following 
criteria: 1) women diagnosed with PCOS according to the Rot-
terdam criteria; 2) intervention consisting of L-carnitine sup-
plementation in combination with COS protocols; 3) compara-
tor consisting of placebo alongside the same COS protocols; 
4) reporting of ovulation rate and/or clinical pregnancy rate 
as outcomes; and 5) randomized controlled trial (RCT) study 
design.

Studies were excluded based on the following criteria: 1) 

non-randomized study designs including observational stud-
ies, case series, and case reports; 2) crossover studies without 
adequate washout periods; 3) review articles, systematic re-
views, meta-analyses, editorials, and commentaries; 4) studies 
without extractable numerical data; 5) studies lacking a control 
or comparison group; and 6) insufficient reporting of selected 
outcomes (ovulation rate or clinical pregnancy rate).

All retrieved records were imported into EndNote X9 ref-
erence manager for duplicate removal and organization. Two 
reviewers (SB and MSA) independently screened titles and 
abstracts of all identified records against the eligibility criteria. 
Articles deemed potentially relevant were retrieved in full text 
and independently assessed for eligibility by the same two re-
viewers. Disagreements at both screening stages were resolved 
through discussion and consensus.

Data extraction

Data extraction was performed independently by two review-
ers (SB and AMA) using a standardized extraction form de-
veloped in Microsoft Excel. Extracted information included 
study characteristics (first author, publication year, country), 
participant demographics (sample size, mean maternal age, 
body mass index), infertility duration, and intervention details 
(L-carnitine dosage, duration, COS protocol). Discrepancies 
between reviewers were resolved through discussion until con-
sensus was achieved.

Primary outcomes were ovulation rate and clinical preg-
nancy rate. Ovulation rate was defined as the proportion of 
women achieving ovulation, confirmed by ultrasonographic 
evidence of follicular rupture and/or serum progesterone ≥ 3 
ng/mL in the mid-luteal phase. Clinical pregnancy rate was de-
fined as the proportion of women with ultrasonographic visu-
alization of one or more gestational sacs with detectable fetal 
cardiac activity at 6–8 weeks’ gestation. Secondary outcomes 
included endometrial thickness (maximum anterior-posterior 
diameter in mm measured by transvaginal ultrasound on day of 
human chorionic gonadotropin (hCG) trigger) and number of 
mature follicles (follicles ≥ 17 mm diameter at final follicular 
assessment). All included studies used consistent definitions 
for these outcomes, enabling direct comparison and meta-
analysis.

Risk of bias assessment

The risk of bias of the included trials was assessed using 
the Cochrane Risk of Bias tool [15]. Two reviewers (SB and 
AMA) independently evaluated the following domains: ran-
dom sequence generation, allocation concealment, blinding 
of participants and personnel (performance bias), blinding 
of outcome assessment (detection bias), incomplete outcome 
data (attrition bias), selective reporting (reporting bias), and 
other potential sources of bias. Any discrepancies were re-
solved through discussion until consensus was achieved. 
Each domain was judged as having a low, high, or unclear 
risk of bias.
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Data analysis

The meta-analysis was conducted using Review Manager 
(RevMan) software, version 5.4.0. Two reviewers (MSA and 
HS) independently performed the statistical analyses, resolv-
ing any discrepancies through discussion until consensus was 
achieved. Dichotomous variables were pooled as odds ratios 
(ORs) with 95% confidence intervals (CIs), while continuous 
variables were presented as mean differences (MDs) with 95% 
CIs. Random-effects models were applied for all outcomes to 
account for both within-study and between-study variability, 
providing more conservative effect estimates. Heterogeneity 
among studies was assessed using the Chi-square test (P < 
0.1) and the I2 statistic [16]. For outcomes with I2 above 50%, 
sensitivity analyses were performed by sequentially excluding 
one study at a time to assess the influence of each individual 
study on the overall pooled estimate and to identify potential 
sources of heterogeneity. Statistical significance was defined 
as P < 0.05 for all outcomes.

Results

Results of the literature search and characteristics of the 
included studies

The selection process for this study is illustrated in the PRIS-
MA flow diagram (Fig. 1). A total of 222 studies were initial-
ly retrieved through database searches. After screening titles 
and abstracts, 22 articles were assessed for full-text eligibil-
ity. Following full-text review, 16 studies were excluded due 
to ineligible study design, population, or outcomes. Finally, 
six RCTs met the inclusion criteria and were incorporated 
into both qualitative synthesis and quantitative meta-analysis 
[13, 14, 17–20]. These trials investigated L-carnitine supple-
mentation at doses ranging from 1,000 to 3,000 mg/day. COS 
protocols varied among the studies, including letrozole [13], 
clomiphene citrate (CC) [17–19], and gonadotropin-releas-
ing hormone (GnRH)-antagonist protocol [14, 20]. Across all 

Figure 1. PRISMA flow diagram illustrating the systematic literature search and study selection process, including the number of 
records identified, screened, assessed for eligibility, and finally included in the meta-analysis.
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six studies, a total of 485 participants were enrolled, with 
three trials conducted in Egypt [13, 17, 18] and three in Iran 
[14, 19, 20]. The characteristics of the included studies are 
presented in Table 1.

Risk of bias of included studies

Risk of bias was assessed using the Cochrane Risk of Bias tool 
(RoB 1) for all six included studies (Fig. 2). All studies dem-
onstrated low risk for random sequence generation, allocation 
concealment, and selective reporting. However, blinding was 
inadequate in several trials: three studies had high risk of per-
formance bias [13, 17, 18] and four had high risk of detection 
bias [13, 17, 18, 20]. Additionally, one trial had high risk for 
incomplete outcome data [20], and one had unclear risk for 
other sources of bias [17].

Outcomes

Ovulation rate

As shown in Figure 3, the ovulation rate was significantly 
higher in the L-carnitine group compared with the placebo 
group (OR = 4.78, 95% CI 2.95–7.75, P < 0.001). The in-
cluded studies demonstrated low heterogeneity (P = 0.42, I2 
= 0%).

Clinical pregnancy rate

Figure 4 illustrates a significant increase in the clinical preg-
nancy rate among participants receiving L-carnitine compared 
with the control group (OR = 2.12, 95% CI 1.16–3.85, P = 

Table 1.  Characteristics of the Included Studies

Study ID
Study 
loca-
tion

Study 
arms

Sam-
ple 
size

Maternal 
age (years) BMI

Duration 
of infertil-
ity (years)

Type of infer-
tility, n (%)

Interventions
Pri-
mary

Sec-
ondary

Hafezi et al, 
2024 [14]

Iran LC 
group

47 29.8 ± 4 27.4 ± 5.2 6.8 ± 3.9 40 (85) 7 (15) Three tablets of L-carnitine 
(1,000 mg) daily plus GnRH 
antagonist protocol.

Control 
group

50 30.4 ± 4.3 27.4 ± 3.7 6.5 ± 4 39 (78) 11 (22) Placebo plus GnRH 
antagonist protocol.

Chaleshtori 
et al, 2022 
[19]

Iran LC 
group

74 30.29 ± 2.2 30.85 ± 1.93 2.3 ± 1.6 74 (100) 0 (0) 150 mg/day oral CC plus 3 
g oral L-carnitine daily.

Control 
group

74 31.29 ± 4.7 31.45 ± 5.71 2.14 ± 1.9 55 (74) 19 (26) 150 mg/day oral CC 
plus placebo.

Sheida et al, 
2023 [20]

Iran LC 
group

41 30 ± 5.01 28.06 ± 3.38 5.92 ± 2.94 35 (85) 6 (15) L-carnitine (3,000 mg) daily 
plus GnRH antagonist protocol.

Control 
group

39 31.57 ± 4.7 28.22 ± 3.33 5.95 ± 3.95 35 (90) 4 (10) Placebo plus GnRH 
antagonist protocol.

Kortam et 
al, 2020 [18]

Egypt LC 
group

47 25.2 ± 3.9 30 ± 5.2 2.35 ± 1.5 34 (72) 13 (28) Oral CC (50 mg tablet, two 
times per day) plus oral 
L-carnitine supplementation (1 
g tablet, three times per day).

Control 
group

47 25.8 ± 2.6 30.4 ± 3 2.2 ± 0.9 35 (74) 12 (26) Oral CC (50 mg tablet, two 
times per day) plus placebo.

Gharib, 
2019 [13]

Egypt LC 
group

20 24.65 ± 2.1 28.25 ± 1.8 2.8 ± 0.83 NA NA Letrozole (2.5 mg tablets) 
plus L-carnitine (2 g/day)

Control 
group

20 24.15 ± 2.45 27.49 ± 2.3 3.1 ± 1.09 NA NA Letrozole (2.5 mg 
tablets) plus placebo.

Abd-Elfattah 
et al, 2019 
[17]

Egypt LC 
group

25 26.12 ± 3.28 31.22 ± 2.56 NA NA NA 100–150 mg/day oral CC 
plus L-carnitine (3 g daily)

Control 
group

25 25.64 ± 2.63 31.79 ± 2.72 NA NA NA 100–150 mg/day oral 
CC plus placebo.

BMI: body mass index; CC: clomiphene citrate; GnRH: gonadotropin-releasing hormone; LC: L-carnitine; NA: not available.
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0.01). The included studies demonstrated moderate heteroge-
neity (P = 0.15, I2 = 39%).

Endometrial thickness

The mean endometrial thickness was significantly greater in 
the L-carnitine group than in the control group (MD = 1.74, 
95% CI 0.92–2.56, P < 0.001), as depicted in Figure 5. Sub-

stantial heterogeneity was observed among the studies (P = 
0.002, I2 = 74%). Sensitivity analysis performed by exclud-
ing one trial [17] reduced heterogeneity to a moderate level (P 
= 0.14, I2 = 43%), while maintaining statistical significance 
and yielding a more conservative estimate of improvement 
in endometrial thickness (MD = 1.33, 95% CI 0.80–1.86, P < 
0.001).

Number of mature follicles

As shown in Figure 6, women receiving L-carnitine developed 
a significantly higher number of mature follicles compared 
with the control group (MD = 1.06, 95% CI 0.64–1.47, P < 
0.001). The included studies demonstrated moderate heteroge-
neity (P = 0.12, I2 = 48%).

Discussion

The results of this meta-analysis demonstrate that the addition 
of L-carnitine to COS protocols significantly enhances repro-
ductive outcomes in women with PCOS. Participants receiv-
ing L-carnitine showed statistically significant improvements 
in both ovulation and clinical pregnancy rates compared with 
the control group. Moreover, L-carnitine supplementation was 
associated with increased endometrial thickness and a higher 
number of mature follicles, indicating improved ovarian re-
sponsiveness and endometrial receptivity.

Several studies have explored the benefits of L-carnitine 
supplementation on reproductive outcomes in women with 
PCOS. When combined with CC in clomiphene-resistant pa-
tients, L-carnitine significantly improved ovulation quality, 
clinical pregnancy rates, number of mature follicles, estradiol 
concentrations, and endometrial thickness compared with con-
trols [17]. Another study confirmed improvements in ovulation 
rate, endometrial thickness, and pre-ovulatory follicle count, 
though the difference in pregnancy rates did not reach statisti-
cal significance [18]. In a clinical trial by Latifian et al [21], 
L-carnitine administration in women who previously failed 
CC and gonadotropin stimulation resulted in dominant follicle 
development in 64% of participants and a positive pregnancy 
test in 20%, alongside a significant increase in endometrial 
thickness.

Figure 2. Risk of bias summary for the included randomized controlled 
trials assessed using the Cochrane Risk of Bias tool (RoB 1), display-
ing judgments across six domains for each included study.

Figure 3. Forest plot of ovulation rate in women with PCOS receiving L-carnitine supplementation versus control during con-
trolled ovarian stimulation.
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A randomized trial found that adding L-carnitine to letro-
zole therapy significantly improved endometrial thickness, 
ovulation rate, and both chemical and clinical pregnancy 
rates in women with PCOS [13]. Similarly, a triple-blind ran-
domized trial in clomiphene-resistant patients reported sig-
nificant improvements in ovulation rate, endometrial thick-
ness, serum progesterone, mature follicle count, and clinical 
pregnancy rate when L-carnitine was combined with CC [19]. 
In contrast, two studies evaluating L-carnitine as an adjunct 
to GnRH-antagonist protocols found no significant improve-
ments in oocyte maturity, fertilization rate, endometrial thick-
ness, or pregnancy outcomes [14, 20].

Repeated ovarian stimulation in women with PCOS re-

duces mitochondrial deoxyribonucleic acid (DNA) levels, 
increases oxidative stress markers such as 8-hydroxydeoxy-
guanosine, and disrupts mitochondrial distribution in oocytes, 
all of which may impair oocyte quality and assisted reproduc-
tive technology (ART) success rates [22–24]. L-carnitine sup-
plementation may address these deficits by enhancing cellular 
energy production, reducing oxidative stress and lipotoxicity, 
and supporting oocyte maturation [25, 26]. Its mechanisms in-
clude facilitating palmitate transport into mitochondria, main-
taining acetyl-coenzyme A (CoA)/CoA balance, scavenging 
reactive oxygen species, and reducing oocyte apoptosis [27, 
28]. Additionally, L-carnitine downregulates pro-inflammato-
ry cytokines such as interleukin-6 (IL-6) and tumor necrosis 

Figure 4. Forest plot of clinical pregnancy rate in women with PCOS receiving L-carnitine supplementation versus control during 
controlled ovarian stimulation.

Figure 5. Forest plot of endometrial thickness in women with PCOS receiving L-carnitine supplementation versus control during 
controlled ovarian stimulation.

Figure 6. Forest plot of number of mature follicles in women with PCOS receiving L-carnitine supplementation versus control 
during controlled ovarian stimulation.
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factor-alpha (TNF-α), potentially creating a more favorable 
microenvironment for oocyte development and improving en-
dometrial receptivity during the peri-implantation period [29].

L-carnitine also offers potential cost-effectiveness advan-
tages in PCOS fertility management. As a widely available, 
low-cost supplement with a favorable safety profile, it requires 
no extensive monitoring or adverse event management. The 
improvements in ovulation and pregnancy rates demonstrated 
in this meta-analysis suggest a potential reduction in the num-
ber of stimulation cycles needed, which could decrease overall 
treatment costs and patient burden. These practical attributes 
make L-carnitine an easily integrated adjuvant option within 
existing fertility treatment protocols.

Our study had several notable strengths. We implemented 
a comprehensive search strategy across multiple databases and 
included only RCTs, which enhanced the reliability and valid-
ity of our findings. Adhering to PRISMA guidelines further 
underscored the methodological rigor of our research. Addi-
tionally, we carefully screened studies to minimize bias and 
ensure consistency in data extraction and analysis.

Several limitations warrant consideration. The small num-
ber of eligible trials and modest sample sizes may have reduced 
statistical power and limited the precision and generalizability 
of findings. Inadequate reporting of blinding procedures in 
some studies raises concerns about performance and detec-
tion bias. Additionally, inconsistent reporting of live birth and 
miscarriage outcomes, the most definitive fertility endpoints, 
precluded their adequate analysis, limiting firm conclusions 
about the ultimate clinical benefit of L-carnitine supplemen-
tation. Heterogeneity was observed across several outcomes, 
likely driven by differences in L-carnitine dosage, duration, 
and formulation, as well as variability in baseline patient char-
acteristics such as body mass index (BMI), insulin resistance, 
metabolic profile, and PCOS severity. The included trials also 
employed heterogeneous ovarian stimulation protocols, rep-
resenting distinct therapeutic contexts with differing pharma-
cologic mechanisms. The limited number of eligible studies 
precluded meaningful subgroup analyses by stimulation type 
or other clinical variables, restricting our ability to explore het-
erogeneity sources in depth. Pooled estimates should therefore 
be interpreted with caution. Finally, the exclusion of gray lit-
erature further raises concerns about publication bias and po-
tential overestimation of treatment effects.

Future high-quality randomized trials with larger sample 
sizes are needed to assess varying L-carnitine doses and ex-
tended durations (e.g., 12 weeks) in women with PCOS, par-
ticularly those who are severely obese or have poor ovarian 
response. Emphasis should be placed on clinically meaning-
ful outcomes such as ongoing pregnancy, miscarriage, and 
live birth rates, as these are the most relevant indicators of 
reproductive success. Beyond clinical efficacy, formal cost-
effectiveness analyses are urgently needed, as economic eval-
uations comparing L-carnitine supplementation to standard 
protocols are currently lacking. Given the limited and incon-
sistent safety reporting across existing trials, which precluded 
a formal adverse event analysis, future investigations should 
systematically monitor and report adverse effects using stand-
ardized protocols to establish the safety profile of long-term 
L-carnitine supplementation.

Conclusions

Oral L-carnitine supplementation during COS significantly 
improves ovulation rate, clinical pregnancy rate, endometrial 
thickness, and the number of mature follicles in women with 
PCOS. These findings support its potential role as a safe, af-
fordable, and effective adjuvant therapy in fertility treatment 
protocols. However, larger multicenter trials with standardized 
dosing protocols and longer follow-up periods are warranted 
to confirm and generalize these findings.
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