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ABSTRACT
Polycystic ovary syndrome (PCOS) is recognized as the most prevalent endocrinopathy in reproductive-
aged women. This systematic review was performed with focus on the current knowledge on carnitine
concerning metabolic variables in PCOS. PubMed, Scopus, Embase, ClinicalTrials.gov and Google Scholar
databases were searched from inception until May 2018. All clinical trials and observational studies pub-
lished in English-language journals were eligible. Studies that provided insufficient outcomes, animal and
in vitro studies were excluded. Out of 451 articles identified in our search, only six articles were eligible
for analysis. Two observational studies evaluated the association of serum carnitine levels with metabolic
variables, and four clinical trials examined the effect of carnitine supplementation in patients with PCOS.
Serum carnitine levels had inverse relationship with glycemic status, body mass index (BMI) and waist cir-
cumference. Also, carnitine supplementation resulted in improved weight loss, glycemic status, oxidative
stress, follicles and size of ovarian cells; no significant effects were reported on sex hormones and lipid
profile. According to the current evidence, carnitine might improve weight loss, glycemic status and oxi-
dative stress. However, to explore the exact mechanisms of carnitine role in patients with PCOS, further
studies are recommended.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common endo-
crinological abnormality in reproductive-aged women, with a
prevalence of approximately 2–20% worldwide [1]. It is marked
by hyperandrogenic anovulation and oligo-amenorrhea, leading
to symptoms of hirsutism, acne, alopecia, increased androgens,
irregular menstruation and infertility [2]. Although various fac-
tors including genetic, behavioral and environmental factors have
been emerged in the pathophysiology of PCOS, the exact patho-
genesis of the disease remains unexplored [3].
Hyperandrogenism caused by excess androgen production from
ovaries is the key feature in PCOS [4]. Hyperandrogenism and
insulin resistance have potential roles in evoking metabolic
abnormalities, inflammation and oxidative stress. These lead to
the development of obesity, type 2 diabetes (T2DM) and cardio-
vascular diseases in these patients [4,5]. Carnitine or ‘b-hydroxy-
g-N-trimethylamino-butyric acid’ as an essential nutrient in
b-oxidation of fatty acids, is the carrier of fatty acids across the
inner mitochondrial membrane [6]. Animal foods including
meat, fish, milk and dairy products are rich sources of carnitine;
carnitine can also be synthesized from lysine and methionine in
the liver and kidney [6,7]. Previously published studies have
reported that carnitine supplementation may improve insulin
sensitivity by increasing the rate of fatty acids oxidation, glucose
metabolism and improvement of oxidative stress in patients with

T2DM [8,9]. Carnitine as a shuttle, transfers acetyl groups from
outside to inside of the mitochondrial membrane and decreases
acyl-CoA to acetyl-CoA ratio, leading to improved lipid-induced
insulin resistance through altering cell metabolism of glucose
and lipids (Figure 1) [8,10]. Furthermore, recent studies have
addressed carnitine insufficiency as a cause of developing insulin
resistance during states of chronic metabolic stresses, such as
T2DM and obesity [11,12]. In addition, sex steroids and their
precursors are known to play a modulating role in carnitine
turnover [13]. Also, there is an inverse correlation between estro-
gen and free carnitine levels in women [14]. Although several
studies have investigated the role of carnitine in patients with
PCOS, no comprehensive study has summarized the findings to
increase our knowledge in this regard, thus far. The purpose of
this systematic review was to highlight the available information
on the correlation between carnitine and metabolic as well as
hormonal status, and the effect of its supplementation in PCOS.
Furthermore, exploring knowledge gaps and providing sugges-
tions for future studies were addressed.

Methods

Search strategy

PubMed, Scopus, Embase, ClinicalTrials.gov and Google Scholar
were searched using keywords including ‘carnitine’ or
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‘L-carnitine’ or ‘Acetyl-L-carnitine’ or ‘propionyl-L-carnitine’ or
‘Levocarnitine’ and ‘polycystic ovary syndrome’ or ‘PCOS’ or
‘sclerocystic ovary syndrome’ or ‘dysmetabolic Syndrome’. The
search was limited to studies published in the English language,
and up to March 2018. Guideline of the Preferred Reporting for
Systematic Reviews (PRISMA) was used for designing this sys-
tematic review, and the review protocol was registered at
PROSPERO database of Systematic Reviews (registration num-
ber: CRD42018090881).

Inclusion and exclusion criteria

Two researchers independently performed the screening of titles
or abstracts. Studies were eligible only if it complied withthe fol-
lowing criteria: (1) clinical trials (2) observational studies (3)
published in English-language journals and (4) reporting the
dosage as well as duration of carnitine administration; studies
that (1) provided insufficient information and (2) involved ani-
mals and in vitro models were excluded.

Data extraction and assessment of study quality

Two researchers reviewed independently the full text of the stud-
ies screened for data extraction and analyzed them according to
a checklist of aims. Studies with insufficient information were
excluded from the review. Then, a third reviewer assessed the
accuracy and quality of the included data.

Results

Figure 2 presents a summarized flowchart of the process of
selecting studies for the systematic review. In total, 451 poten-
tially eligible articles were identified by the search strategy, which
decreased to 443 after removal of duplicate records; titles and
abstracts were then screened. Of these, 437 were excluded based
on their title or abstract, because they did not meet the inclusion
criteria, and seven full-text documents were retrieved and
reviewed. After reading the full texts of articles, one study was
removed for it met the exclusion criteria. Only six articles had
the inclusion criteria for qualitative synthesis (Table 1).

Carnitine and weight changes in PCOS

About 50% of patients with PCOS suffer from obesity, which can
exacerbate symptoms of the disease [15]. Serum carnitine levels
in patients with PCOS and the effects of carnitine supplementa-
tion on their weight loss have been examined in some studies. In
a cross-sectional study [16], plasma concentration of L-carnitine
had a negative and significant correlation with BMI in patients
with PCOS. But, in a study by Fenkci et al., no such association
was observed [17]. In the study by Jamilian et al. carnitine sup-
plementation (250mg/day) for 12weeks in PCOS patients
resulted in a significant reduction of BMI and weight compared
to placebo group [18]. In another study, the same amount of car-
nitine for the same intervention period did not reveal any signifi-
cant decrease in weight, BMI and WC in comparison with the
control group [19]. Also, in a study by Ismail et al. among
clomiphene resistant PCOS women, receiving clomiphene citrate
combined with 3000mg per day of L-carnitine for 12weeks, sig-
nificantly decreased BMI in the L-carnitine group [20].

Carnitine and glycemic control in PCOS

Insulin resistance and metabolic disorders are key features in
PCOS. The effects of carnitine on these parameters have been
studied in several studies [21]. In a cross-sectional study, plasma
concentrations of L-carnitine had a negative and significant cor-
relation with HOMA-IR-index in PCOS patients [16]. Moreover,
250mg of oral carnitine supplement for 12weeks resulted in a
significant decrease in HOMA-IR, levels of fasting blood glucose
and insulin levels compared to the control group [19]. In a simi-
lar study, a significant reduction was observed in glucose by car-
nitine supplementation [20].

Carnitine and ovarian hormones, androgens and
anovulation in PCOS

Insulin resistance and hyperinsulinemia are caused by increased
androgens in patient with PCOS [22]. Also, insulin resistance
and hyperinsulinemia may increment LH/FSH ratio and produc-
tion of androgens [2]. The effect of carnitine on ovarian hor-
mones has been shown in the previous studies [23,24].

Figure 1. (A) Activation of fatty acid to acyl-coA and (B) carnitine transferase and (C) fatty acid oxidation. CPT I: Carnitine palmitoyltransferase I; CPT II: Carnitine pal-
mitoyltransferase II;CoA-SH: Coenzyme A.
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Accordingly, it appears that carnitine improves insulin sensitivity
which in turn affects androgens and ovarian hormones levels
[25]. Association between serum levels of carnitine and hormo-
nal status such as estrogen and testosterone has been investigated
in some studies. In one study, there was an inverse relationship
between SHBG and total as wells as free carnitine in obese
PCOS women; but, there was no relationship between carnitine
and androgens levels [26]. According to the results of a study by
Ismail et al. [20], combination of L-carnitine and clomiphene cit-
rate for 12weeks in patient with clomiphene-resistant PCOS sig-
nificantly improved ovulation, pregnancy rates, and significantly
increased ovulation rate, number of pre-ovulatory follicles, estra-
diol and progesterone. Latifian et al. [27] examined the effects of
carnitine in PCOS infertile women who were both gonadotropin
and clomiphene resistant; the results showed that carnitine lead
to the growth of dominant follicles, rise the mean thickness of
endometrium and inculcate positive variations in the size of left
ovarian follicles. Fenkci et al. [17] showed that there was a sig-
nificant and negative correlation between carnitine levels and
free androgen index (FAI), and a positive and significant rela-
tionship with SHBG; they concluded that attenuated levels of
carnitine may be due to hyperandrogenism and/or insulin resist-
ance in nonobese women with PCOS. In another study, 250mg

oral carnitine supplementation for 12weeks did not significantly
alter free testosterone levels compared to control group [19].

Carnitine and dyslipidemia in PCOS

Dyslipidemia is one of the co-existing features in patients with
PCOS [28]. The relationship between serum carnitine and lipid
profile has been assessed in some studies [29,30]. Fenkci et al.
showed an inverse association between carnitine levels and high
serum LDL-C levels; an insignificant relationship was observed
between carnitine levels and other components of lipid profile as
well [16]. The result of 3000mg/day of oral carnitine supplemen-
tation for 12weeks was a significant reduction in total choles-
terol, triglyceride and LDL-C, and an increase in HDL-C [20].
But Samimi et al. indicated that 250mg daily oral carnitine sup-
plementation for 12weeks had no effect on lipid profile [19].

Discussion

Hyperandrogenism and insulin resistance are the most important
features of PCOS, which is associated with decreased total serum
carnitine levels [16,17]. Generally, the increase in LH/FSH ratio
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leads to stimulation of the ovarian theca cells followed by an
increased production of androgens and reduced secretion of
estrogen. Androgens with a negative feedback effect due to secre-
tion of GnRH hormone, which result in augmented LH/FSH
ratio. Moreover, insulin resistance and hyperinsulinemia can be
affected by overproduction of androgens [31,32] which in turn
affects the liver cells resulting in decreased production of SHBG
and an increase in androgens [31,33]. In addition, both hyperan-
drogenism and insulin resistance are related to obesity, dyslipide-
mia and subsequently risk factors for cardiovascular diseases
[22]. Studies have shown that serum carnitine levels in obesity
and metabolic syndrome decrease following insulin resistance
[34]. Also, carnitine supplementation leads to reduction in
weight, BMI, WC, waist to hip ratio, body fat mass (FM) and
increased lean body mass (LBM), and basal metabolism
[8,35–37]. The findings from the observational studies reviewed
indicated that relationship between serum level of carnitine and
anthropometric status are inconsistent [16,17]. However, clinical
trials using 250mg and 3000mg carnitine supplements revealed
a significant decrease in weight, BMI and WC [18–20]. Due to
the limited studies, the exact effect of carnitine on anthropomet-
ric indices would require further studies.

Previous studies have shown the useful effects of carnitine
supplementation on parameters of glucose homeostasis [38,39].
Disorders of glycemic status are the most frequent complication
following insulin resistance in PCOS. In these patients, there is a
negative correlation between carnitine levels and FBS, HOMA-
IR, insulin and HbA1c [16,20]. Also carnitine supplementation
with daily doses 250 and 3000mg showed a significant decrease
in HbA1c [20], glucose, insulin [19,20] and HOMA-IR [19].
Probably, carnitine improves factors of insulin metabolism by

moderating the expression of gluconeogenic and glycolytic
enzymes [40], improving glucose oxidation in mitochondria, and
acting as an acetyl-group donor in high-energy metabolism situ-
ation, or a transport molecule for free fatty acids [41] leading to
increased insulin sensitivity and improvement in glycemic status.
Molecular studies have elucidated some possible mechanisms
involved in carnitine action on cellular glucose uptake. It has
been reported that carnitine deficiency attenuates insulin sensi-
tivity. Furthermore, carnitine can improve glucose metabolism
by enhancement of mitochondrial oxidation of acyl-CoA, which
further induces insulin resistance and alters the activity of gluco-
neogenesis enzymes via modifying expression of genes associated
with insulin signaling [42].

Patients with PCOS are susceptible to dyslipidemia [43] lead-
ing to increased TC, TG, LDL-C levels and decreased HDL-C,
which is mainly attributed to insulin resistance in these patients
[44]. It has been revealed that carnitine has a hypo-triglyceri-
demic effect [45]. Moreover, carnitine supplementation may
relieve overload of lipid [46]. Few studies have examined the
association between the levels of carnitine and lipid profile, as
well as its complementary effect on patients with PCOS. Only
one study [17] showed a significant relationship between carni-
tine levels and lipid profile. A dose of 3000mg carnitine for
12weeks significantly improved lipid profile [20]. But at a dose
of 250mg for the same duration, no significant effects were
observed [19]. A meta-analysis study showed that carnitine sup-
plementation improves lipid profile in patients with T2D [38]. In
a similar meta-analysis study, carnitine supplementation led to
improved LDL-C but did not affect triglyceride, total cholesterol
and HDL-C in hemodialysis patients [47]. Carnitine in mito-
chondria transfers acetyl groups to the cytosol [48]. Also,

Table 1. Summary of included publications.

Author, year
and place Type of study

Sample size
and age Daily dose Duration Main outcomes

a. Clinical trials

Jamilian et al. Iran [18] Randomized con-
trolled study

N¼ 60
18–40 years

250mg carni-
tine supplement

12 weeks Significant: reduction in weight and BMI,
improvement of TAC, MDA and MDA/TAC
ratio.

Insignificant: GSH levels
Samimi et al. Iran [19] Randomized con-

trolled study
N¼ 60
18–40 years

250mg carni-
tine supplement

12 weeks Significant: reduction in weight, BMI, WC,
FPG, insulin, HOMA-IR and DHEAS

Insignificant: lipid profile and free
testosterone.

Latifian et al. Iran [27] Randomized con-
trolled study

N¼ 50
20–30 years

2 g carnitine orally
every 12 h

third day Significant: mean of left ovary follicles size,
mean endometrial thickness

Ismail et al. Egypt [20] Randomized con-
trolled study

N¼ 170
<35 years

Carnitine 3 g daily and
250mg clomi-
phene citrate

12 weeks Significant: improvement of the ovulation,
cholesterol, TG, LDL-C, HbA1c, glucose,
BMI, increase of HDL-C, insulin, improve-
ment of ovulation rate, endometrial thick-
ness, mean number of pre-ovulatory
follicles, estradiol and progesterone levels.

Insignificant: FBS

b. Observational studies
Fenkci et al. Turkey [17] Case-control study 27 non-obese women with PCOS and 30 healthy

16–37 years
Significant: total carnitine and SHBG levels

were lower; carnitine level was negatively
correlated with FAI and positively with
SHBG, LDL-C, LH/FSH ratio, FAI and HOMA-
IR in PCOS group.

Insignificant: waist measurements, WHR,
serum FSH, TC, TG, HDL-C

Celik et al. Turkey [16] Cross-sectional study 60 PCOS and 28 healthy
17–50 years

Significant: lower carnitine level negatively
correlated with BMI and HOMA-IR index in
PCOS group.

SHBG: sex hormone-binding globulin; LH: luteinizing hormone; FAI: free androgen index; DHEA-S: dehydroepiandrosterone sulfate; HOMA-IR: homeostasis model
assessment; GSH: glutathione; FPG: fasting plasma glucose; WC: waist circumference; FSH: follicle-stimulating hormone; MDA: malondialdehyde; TAC: total antioxi-
dant capacity; IR: insulin resistance.
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through the carnitine palmitoyltransferase system, carnitine
mediates the transport of activated acyl residues into mitochon-
dria for b-oxidation [49]. Thus, it helps maintain adequate
amounts of free CoA for improved function and protection of
mitochondria by decreasing the accumulation of space long-
chain acyls in mitochondria [50]. Also, carnitine reduction may
restrict the availability of fatty acids in the mitochondria to pro-
duce ATP [42].

Chronic low-grade inflammation has been observed in patient
with PCOS [51]. Serum levels of IL-6, TNF-a and CRP increase
in these patients [52]. There is a significant relationship between
circulating oxidative stress and inflammatory biomarkers, as well
as androgen levels [53]. These findings suggest that in PCOS,
hyperandrogenism can induce inflammation and enhance oxida-
tive stress through hyperglycemia and insulin resistance, and/or
conversely inflammation stimulated with hyperglycemia may
promote excess ovarian androgen production. Furthermore, oxi-
dative stress and inflammatory markers are associated with insu-
lin resistance [54–56]. Therefore, the interaction of oxidative
stress and inflammation with insulin resistance and hypergly-
cemia can lead to exacerbations in hyperandrogenism. The anti-
oxidant effects of carnitine are partly related to free radical
scavenging and prevention of free radical formation, maintaining
of the integrity of electron-transport chain in mitochondria lead-
ing to decreased secretion of ROS under stress conditions, and
affecting redox-signaling via inhibition of NF-jB resulting in
additional synthesis of antioxidant enzymes and molecules [57].
Carnitine has been reported to maintain cellular energy by
improving the mitochondria or by eliminating elements which
may cause lipotoxicity [58]. It also promotes cellular proliferation
and decreases apoptosis by inhibiting TNF-a and other anti-pro-
liferative agents [59]. Furthermore, carnitine may decrease apop-
tosis induced by inflammatory cytokines such as TNF-a [59].
Also, previous studies have reported that carnitine may lead to
down-regulation of cytokines such as IL-6, IL-1 and TNF-a [60].
In the study of Jamilian et al., supplementation of 250mg of car-
nitine for 12weeks in PCOS patients resulted in a significant
improvement in total antioxidant capacity (TAC), malondialde-
hyde (MAD) and MDA/TAC ratio; no significant changes were
found in glutathione (GSH) levels, though [18]. Latifian et al.
[27] showed that carnitine supplementation in PCOS infertile
women led to growth of dominant follicles, a rise in mean thick-
ness of endometrium and inculcated positive variations in the
size of left ovarian follicles. Also, in another study [17], there
was a significant and negative correlation between L-carnitine
and FAI, and a positive and significant relationship between
SHBG and the levels of carnitine, due to hyperandrogenism and/
or insulin resistance in PCOS. However, in a clinical trial, sup-
plementation with 250mg of carnitine did not significantly alter
free testosterone levels compared to the control group [19].
More studies with different doses and durations are required to
better understand the effect of carnitine on sex hormones in
PCOS patients.

Knowledge gaps and future directions

PCOS patients are different in body compositions and distribu-
tion of fat mass (FM) and lean body mass (LBM) from their
non-PCOS peers. There is a significant relationship between
android obesity and the risk of diabetes, arthrosclerosis and
other chronic metabolic diseases [61–63]. Also, it seems that
body composition influences glycemic status, lipid profile and
hormone levels. Therefore, the reported effects of carnitine

administration on body composition, FM and LBM in patients
with PCOS inspire future studies.

Adipose tissue which secretes adipokines has an important
role in regulating hyperandrogenism and insulin resistance in
PCOS, and increased secretion of inflammatory adipokines leads
to exacerbations of chronic inflammation and oxidative stress
[64,65]. Future clinical trials on the effects of carnitine on adipo-
kines in PCOS can increase our knowledge and understanding of
its anti-inflammatory and antioxidant effects.

Studies have shown that the development and activation of
brown adipose tissue can lead to increased thermogenesis, body
metabolism, weight loss, improved insulin sensitivity, fatty acid
metabolism and ultimately reduced oxidative stress and inflam-
mation [66–69]. It is postulated that increasing the activity of
this tissue may reduce the complications of PCOS [70,71]. On
the other hand, studies have shown that carnitine can enhance
the function of this tissue [72]. Therefore, studying the effects of
carnitine on brown adipose tissue can reveal new pathways and
attitudes to control the complications of this disease.

Conclusions

As a whole, the results of this systematic review study showed
that carnitine can lead to weight loss and improved glycemic sta-
tus, and may reduce insulin resistance in patients with PCOS.
However, the effects of carnitine on lipid profile were contradict-
ory. Also, in observational studies, low serum levels of carnitine
had a reverse association with glycemic status, BMI and WC; no
association was reported between carnitine levels and lipid pro-
file. Carnitine improves function of follicles and the size of ovar-
ian cells, but has no significant effect on sex hormones.
However, according to the gaps in knowledge and the future dir-
ection in this area, more studies are needed to determine the
exact mechanisms of the effects of carnitine in patients
with PCOS.

Acknowledgements

The authors thank Student Research Committee, Tabriz University
of Medical Sciences for their support.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[1] Burks HR, Wild RA. Diagnostic criteria and epidemiology of PCOS.
In: Lubna P, editor. Polycystic ovary syndrome. New York, NY:
Springer; 2014. p. 3–10.

[2] Azziz R, Carmina E, Chen Z, et al. Polycystic ovary syndrome. Nat
Rev Dis Primers. 2016;2:16057.

[3] McCartney CR, Marshall JC. Clinical practice. Polycystic ovary syn-
drome. N Engl J Med. 2016;375:54–64.

[4] Catteau-Jonard S, Dewailly D. Pathophysiology of polycystic ovary
syndrome: the role of hyperandrogenism. In: Macut DP, M; Yildiz,
B.O; Diamanti-Kandarakis, editor. Polycystic ovary syndrome. Vol. 40,
Basel: Karger Publishers; 2013. p. 22–27.

[5] Balen A. The pathophysiology of polycystic ovary syndrome: trying
to understand PCOS and its endocrinology. Best Pract Res Clin
Obstet Gynaecol. 2004;18:685–706.

[6] Rebouche CJ. In: Erdman Jr JW MI, Zeisel SH, editor. L-Carnitine.
Present knowledge in nutrition. 10th ed. USA: John Wiley & Sons;
2012. p. 391–404..

GYNECOLOGICAL ENDOCRINOLOGY 467



[7] Borum PR. Carnitine homeostasis in humans. In: Wall BT PC, editor.
Carnitine metabolism and human nutrition. CRC Press; 2014. p. 3..

[8] Mynatt R, Noland R, Wicks S. Carnitine and insulin resistance. In:
Benjamin T. Wall CP, editor. Carnitine metabolism and human nutri-
tion. CRC Press; 2016. p. 114–143.

[9] Xu Y, Jiang W, Chen G, et al.L-carnitine treatment of insulin resist-
ance: a systematic review and meta-analysis. Adv Clin Exp Med. 2017;
26:333 –338.

[10] Berg SM, Beck-Nielsen H, Faergeman NJ, et al. Carnitine acetyltrans-
ferase: a new player in skeletal muscle insulin resistance? Biochem
Biophys Rep. 2017;9:47–50.

[11] Schooneman MG, Vaz FM, Houten SM, et al. Acylcarnitines: reflect-
ing or inflicting insulin resistance? Diabetes. 2013;62:1–8.

[12] Mynatt RL. Carnitine and type 2 diabetes. Diabetes Metab Res Rev.
2009;25:45–49.

[13] Chiu KM, Schmidt MJ, Havighurst TC, et al. Correlation of serum L-
carnitine and dehydro-epiandrosterone sulphate levels with age and
sex in healthy adults. Age Ageing. 1999;28:211–216.

[14] Takiyama N, Matsumoto K. Age-and sex-related differences of serum
carnitine in a Japanese population. J Am Col Nutr. 1998;17:71–74.

[15] Messinis IE, Messini CI, Anifandis G, et al. Polycystic ovaries and
obesity. Best Pract Res Clin Obstet Gynaecol. 2015;29:479–488.

[16] Celik F, Kose M, Yilmazer M, et al. Plasma L-carnitine levels of obese
and non-obese polycystic ovary syndrome patients. J Obstetr
Gynaecol. 2017;37:476–479.

[17] Fenkci SM, Fenkci V, Oztekin O, et al. Serum total L-carnitine levels
in non-obese women with polycystic ovary syndrome. Human
Reprod. 2008;23:1602–1606.

[18] Jamilian H, Jamilian M, Samimi M, et al. Oral carnitine supplementa-
tion influences mental health parameters and biomarkers of oxidative
stress in women with polycystic ovary syndrome: a randomized, dou-
ble-blind, placebo-controlled trial. Gynecol Endocrinol. 2017;33:
442–447.

[19] Samimi M, Jamilian M, Ebrahimi FA, et al. Oral carnitine supple-
mentation reduces body weight and insulin resistance in women with
polycystic ovary syndrome: a randomized, double-blind, placebo-con-
trolled trial. Clin Endocrinol. 2016;84:851–857.

[20] Ismail AM, Hamed AH, Saso S, et al. Adding L-carnitine to clomi-
phene resistant PCOS women improves the quality of ovulation and
the pregnancy rate. A randomized clinical trial. Europ J Obstet
Gynecol Reprod Biol. 2014;180:148–152.

[21] Diamanti-Kandarakis E, Christakou CD. Insulin resistance in PCOS.
In: Farid NR D-KE, editor. Diagnosis and management of polycystic
ovary syndrome. Boston: Springer; 2009. p. 35–61..

[22] Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the polycys-
tic ovary syndrome revisited: an update on mechanisms and implica-
tions. Endocrine Rev. 2012;33:981–1030.

[23] Virmani M, Krsmanovic L, Stojilkovic S, et al., editors. Stimulatory
effects of L-acetyl carnitine on the pituitary-gonadal axis in female
rats. Advances in Human Female Reproduction. Sereno Symposium
Publication; 1991.

[24] Genazzani AD, Despini G, Czyzyk A, et al. Modulatory effects of L-
carnitine plus L-acetyl-carnitine on neuroendocrine control of hypo-
thalamic functions in functional hypothalamic amenorrhea (FHA).
Gynecol Endocrinol. 2017;33:963–967.

[25] Ringseis R, Keller J, Eder K. Role of carnitine in the regulation of
glucose homeostasis and insulin sensitivity: evidence from in vivo
and in vitro studies with carnitine supplementation and carnitine
deficiency. Eur J Nutr 2012;51:1–18.

[26] Vigerust NF, Bohov P, Bjørndal B, et al. Free carnitine and acylcarni-
tines in obese patients with polycystic ovary syndrome and effects of
pioglitazone treatment. Fertil Steril 2012;98:1620–1626. e1.

[27] Latifian l, Hamdiand K, Totakhneh R. Effect of addition of L-carni-
tine in polycystic ovary syndrome (pcos) patients with clomiphene
citrate and gonodotropin resistant [original article]. Int J Curr Res
Acad Rev. 2015;3:469–476.

[28] Ollila M-ME, Piltonen T, Puukka K, et al. Weight gain and dyslipide-
mia in early adulthood associate with polycystic ovary syndrome: pro-
spective cohort study. J Clin Endocrinol Metabol. 2016;101:739–747.

[29] Serban M-C, Sahebkar A, Mikhailidis DP, et al. Impact of L-carnitine
on plasma lipoprotein (a) concentrations: a systematic review and
meta-analysis of randomized controlled trials. Sci Rep. 2016;6:19188.

[30] Wang X, Guo F, Pan Y, et al., editors. A meta-analysis of effect of L-
carnitine on lipid levels in obese patients. Basic & clinical pharmacol-
ogy & toxicology. Hoboken, NJ, USA: Wiley-Blackwell; 2016.

[31] Goetsch AL, Kimelman D, Woodruff TK. Polycystic ovary syndrome.
In: Goetsch AL KD, Woodruff TK, editor. Fertility preservation and

restoration for patients with complex medical conditions. Chicago:
Springer; 2017. p. 231–248..

[32] Rosenfield RL, Ehrmann DA. The pathogenesis of polycystic ovary
syndrome (PCOS): the hypothesis of PCOS as functional ovarian
hyperandrogenism revisited. Endocrine Rev. 2016;37:467–520.

[33] Lin X, Wu R, Du J, et al. Exploring the significance of sex hormone-
binding globulin examination in the treament of women with poly-
cystic ovarian syndrome (PCOS). Clin Exp Obstet Gynecol. 2015;42:
315–320.

[34] Wicks S, Noland R, Mynatt R. Carnitine and insulin resistance. In:
Benjamin T. Wall CP, editor. Carnitine metabolism and human nutri-
tion. CRC Press 2014. p. 97.

[35] Pooyandjoo M, Nouhi M, Shab-Bidar S, et al. The effect of (L-) car-
nitine on weight loss in adults: a systematic review and meta-analysis
of randomized controlled trials. Obesity Rev. 2016;17:970–976.

[36] Cha Y-S. Effects of L-carnitine on obesity, diabetes, and as an ergo-
genic aid. Asia Pac J Clin Nutr. 2008;17:306–308.

[37] Center SA, Warner KL, Randolph JF, et al. Influence of dietary sup-
plementation with (L)-carnitine on metabolic rate, fatty acid oxida-
tion, body condition, and weight loss in overweight cats . Am J Vet
Res. 2012;73:1002–1015.

[38] Vidal-Casariego A, Burgos PR, Martinez-Faedo C, et al. Metabolic
effects of L-carnitine on type 2 diabetes mellitus: systematic review
and meta-analysis. Exp Clin Endocrinol Diabetes. 2013;121:234–238.

[39] Bene J, Hadzsiev K, Melegh B. Role of carnitine and its derivatives in
the development and management of type 2 diabetes. Nutr Diabetes.
2018;8:8.

[40] Stephens FB, Constantin Teodosiu D, Greenhaff PL. New insights
concerning the role of carnitine in the regulation of fuel metabolism
in skeletal muscle. J Physiol (Lond). 2007;581:431–444.

[41] Bremer J. The role of carnitine in intracellular metabolism. J Clin
Chem Clin Biochem. 1990;28:297–301.

[42] Lopaschuk GD, Altamimi TR. Role of carnitine in modulation of
muscle energy metabolism and insulin resistance. In: Benjamin T.
Wall CP, editor. Carnitine metabolism and human nutrition. CRC
Press; 2016. p. 28–51..

[43] Bargiota A, Diamanti-Kandarakis E. The effects of old, new and
emerging medicines on metabolic aberrations in PCOS. Ther Adv
Endocrinol metab. 2012;3:27–47.

[44] DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted syn-
drome responsible for NIDDM, obesity, hypertension, dyslipidemia,
and atherosclerotic cardiovascular disease. Diabetes Care 1991;14:
173–194.

[45] G�omez-Amores L, Mate A, Revilla E, et al. Antioxidant activity of
propionyl-L-carnitine in liver and heart of spontaneously hyperten-
sive rats. Life Sci. 2006;78:1945–1952.

[46] Power R, Hulver M, Zhang J, et al. Carnitine revisited: potential use
as adjunctive treatment in diabetes. Diabetologia. 2007;50:824–832.

[47] Huang H, Song L, Zhang H, et al. Influence of L-carnitine supple-
mentation on serum lipid profile in hemodialysis patients: a system-
atic review and meta-analysis. Kidney Blood Press Res. 2013;38:
31–41.

[48] Lysiak W, Lilly K, DiLisa F, et al. Quantitation of the effect of L-car-
nitine on the levels of acid-soluble short-chain acyl-CoA and CoASH
in rat heart and liver mitochondria. J Biol Chem. 1988;263:
1151–1156.

[49] Bremer J. Carnitine-metabolism and functions. Physiol Rev. 1983;63:
1420–1480.

[50] Garlid KD. Physiology of mitochondria. In: Sperelakis N, editor. Cell
physiology source book. 3rd ed. Ohio: Elsevier; 2001. p. 139–151.

[51] Shorakae S, Teede H, de Courten B, et al., editors. The emerging role
of chronic low-grade inflammation in the pathophysiology of polycystic
ovary syndrome. Seminars in reproductive medicine. New York:
Thieme Medical Publishers; 2015.

[52] Gonz�alez F. Inflammation in polycystic ovary syndrome: underpin-
ning of insulin resistance and ovarian dysfunction. Steroids. 2012;77:
300–305.

[53] Glintborg D, Andersen M. An update on the pathogenesis, inflamma-
tion, and metabolism in hirsutism and polycystic ovary syndrome.
Gynecol Endocrinol. 2010;26:281–296.

[54] Gonz�alez F, Rote NS, Minium J, et al. Reactive oxygen species-
induced oxidative stress in the development of insulin resistance and
hyperandrogenism in polycystic ovary syndrome. J Clin Endocrinol
Metab. 2006;91:336–340.

[55] Gonz�alez F, Rote NS, Minium J, et al. Increased activation of nuclear
factor kappaB triggers inflammation and insulin resistance in polycys-
tic ovary syndrome. J Clin Endocrinol Metab. 2006;91:1508–1512.

468 V. MALEKI ET AL.



[56] Abdelhadi O, Shepard M, Sia C, et al. Activation of nuclear factor jB
in response to cream ingestion is related to ovarian androgen hyper-
secretion in polycystic ovary syndrome. Fertil Steril. 2013;100:S39.

[57] Surai PF. Antioxidant action of carnitine: molecular mechanisms and
practical applications. EC Vet Sci. 2015;2:66–84.

[58] Infante JP, Tschanz CL, Shaw N, et al. Straight-chain acyl-coa oxidase
knockout mouse accumulates extremely long chain fatty acids from
alpha-linolenic acid: evidence for runaway carousel-type enzyme kin-
etics in peroxisomal beta-oxidation diseases . Mol Genet Metab. 2002;
75:108–119.

[59] Abdelrazik H, Sharma R, Mahfouz R, et al. L-carnitine decreases
DNA damage and improves the in vitro blastocyst development rate
in mouse embryos. Fertil Steril. 2009;91:589–596.

[60] Winter B, Fiskum G, Gallo L. Effects of L-carnitine on serum trigly-
ceride and cytokine levels in rat models of cachexia and septic shock.
Br J Cancer. 1995;72:1173.

[61] Kirchengast S, Huber J. Body composition characteristics and body
fat distribution in lean women with polycystic ovary syndrome. Hum
Reprod. 2001;16:1255–1260.

[62] Kirchengast S, Huber J. Body composition characteristics and fat dis-
tribution patterns in young infertile women. Fertil Steril. 2004;81:
539–544.

[63] Yucel A, Noyan V, Sagsoz N. The association of serum androgens
and insulin resistance with fat distribution in polycystic ovary syn-
drome. Europ J Obstet Gynecol Reprod Biol. 2006;126:81–86.

[64] Spritzer PM, Lecke SB, Satler F, et al. Adipose tissue dysfunction, adi-
pokines, and low-grade chronic inflammation in polycystic ovary syn-
drome. Reproduction. 2015;149:R219–27.

[65] Delitala AP, Capobianco G, Delitala G, et al. Polycystic ovary syn-
drome, adipose tissue and metabolic syndrome. Arch Gynecol Obstet.
2017;296:405–419.

[66] Freemark M, Collins S. Brown adipose tissue and body weight regula-
tion. In: Freemark MS, editor. Pediatric obesity. USA: Humana Press,
Cham; 2018. p. 117–132..

[67] Chondronikola M, Volpi E, Børsheim E, et al. Brown adipose tissue
activation is linked to distinct systemic effects on lipid metabolism in
humans. Cell Metab. 2016;23:1200–1206.

[68] Villarroya F, Cereijo R, Villarroya J, et al. Brown adipose tissue as a
secretory organ. Nat Rev Endocrinol. 2017;13:26.

[69] Chondronikola M, Volpi E, Børsheim E, et al. Brown adipose tissue
improves whole-body glucose homeostasis and insulin sensitivity in
humans. Diabetes. 2014;63:4089–4099.

[70] Fu X, Xu W, Qiu S, et al. Research progress on the relationship of
brown adipose tissue with polycystic ovary syndrome. J Zhejiang
Univ Med Sci. 2017;46:315–320.

[71] Shorakae S, Jona E, Lambert G, et al.Brown adipose tissue thermo-
genesis in women with polycystic ovary syndrome. Clin Endocrinol
(Oxf). 2017;49:GP135..

[72] Ozaki K, Sano T, Tsuji N, et al. Carnitine is necessary to maintain the
phenotype and function of brown adipose tissue. Lab Invest 2011;91:704.

GYNECOLOGICAL ENDOCRINOLOGY 469


	Abstract
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and assessment of study quality

	Results
	Carnitine and weight changes in PCOS
	Carnitine and glycemic control in PCOS
	Carnitine and ovarian hormones, androgens and anovulation in PCOS
	Carnitine and dyslipidemia in PCOS

	Discussion
	Knowledge gaps and future directions

	Conclusions
	Acknowledgements
	Disclosure statement
	References


