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anthropometric, glycemic, lipid, oxidative stress, and
hormonal parameters in individuals with polycystic
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This systematic review and meta-analysis aimed to examine the effect of the antioxidant alpha-lipoic acid (ALA) on
various cardiometabolic risk factors and hormonal parameters in patients with polycystic ovary syndrome (PCOS). We
searched PubMed, EMBASE, SCOPUS, Cochrane Library, and Web of Science databases without language restrictions
until May 2023 to find randomized controlled trials (RCTs) that assessed the impact of ALA supplementation on
anthropometric, glycemic, lipid, oxidative stress, and hormonal parameters in women with PCOS. Outcomes were
summarized using the standardized mean difference (SMD) and 95% confidence interval (Cl) in a random-effects
model. An I statistic of >60% established significant between-study heterogeneity. The overall certainty of the
evidence for each outcome was determined using the grading of recommendations, assessment, development,
and evaluations system. Seven RCTs met the inclusion criteria. The ALA group had significant reductions in fasting
blood sugar (fasting blood sugar (FBS), n=7 RCTs, SMD, -0.60; 95% Cl, -1.10 to -0.10; I’=63.54%, moderate certainty
of evidence) and homeostatic model assessment for insulin resistance (homeostatic model assessment of insulin
resistance (HOMA-IR), n=4 RCTs, SMD, -2.03; 95% Cl, -3.85 to -0.20; 1°’=96.32%, low certainty of evidence) compared
with the control group. However, significant differences were observed between the groups in body mass index,
insulin, estrogen, follicle-stimulating hormone, luteinizing hormone, testosterone, low-density lipoprotein, high-
density lipoprotein, triglyceride, total cholesterol, malondialdehyde, or total antioxidant capacity profiles. ALA supple-
mentation improves FBS and HOMA-IR levels in women with PCOS. ALA consumption is an effective complementary
therapy for the management of women with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a condition that affects
the reproductive, metabolic, and hormonal systems. PCOS
accounts for 50-70% of all infertility cases in women of
childbearing age who are not ovulating [1-3] and affects
approximately 10% of women of reproductive age world-
wide, with annual medical expenses >$4 billion in the United
States alone [4,5].

PCOS is diagnosed when two of the three criteria listed
below are met: irregular menstrual cycles, signs of hyper-
androgenism, and polycystic ovaries, while ruling out other
causes of hyperandrogenism [6]. In addition to these clini-
cal criteria, the metabolic profile of women with PCOS is
significant in the development of this syndrome. High levels
of insulin and insulin resistance (IR) have been recognized as
crucial factors in PCOS development [7,8]. Insulin sensitizers
such as biguanides and glitazones have been proposed as
potential therapeutic options for managing hyperinsulinemia
in patients [9]. Furthermore, women with PCOS have a high
prevalence of several comorbidities, including obesity, ovar-
ian dysfunction, dyslipidemia, hypertension, type 2 diabetes
mellitus, and cardiovascular disease [10].

Oxidative stress is characterized by an overabundance of
reactive oxygen species (ROS) and an imbalance between ox-
idants and antioxidants in the body [11]. Women with PCOS
have higher levels of oxidative stress indicators in their blood
than healthy individuals [12]. Although the exact mechanism
of PCOS remains unclear, numerous studies have demon-
strated a correlation between oxidative stress and its onset
[13].

Supplements containing antioxidants have demonstrated
positive outcomes in enhancing insulin sensitivity and ad-
dressing health risks in women diagnosed with PCOS [14,15].
Alpha-lipoic acid (ALA), a powerful antioxidant known for
reducing oxidative stress and IR, is a notable supplement [16].
Evidence suggests that the controlled release of ALA can
improve glucose regulation in women diagnosed with type 2
diabetes mellitus [17]. ALA exhibits robust antioxidant prop-
erties, efficiently counteracts ROS, and replenishes additional
antioxidant molecules [18]. Moreover, the amalgamation of
ALA and myo-inositol has demonstrated advantageous out-
comes in countering oxidative stress and IR [19]. These find-
ings suggest that antioxidant supplements such as ALA have
the potential to improve insulin sensitivity and effectively
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manage the negative health impacts of PCOS.

Hence, a comprehensive evaluation was undertaken
through a systematic review and meta-analysis of random-
ized controlled trials (RCTs) to consolidate the existing evi-
dence on the effect of ALA intake, either alone or in com-
bination with inositol, on various anthropometric, glycemic,
lipid, and oxidative stress parameters in women with PCOS.

Methods

This investigation was conducted in accordance with the
following recommendations outlined in the preferred re-
porting items for systematic reviews and meta-analyses
statement, which serves as a guide for systematic reviews
and meta-analyses [20], and was registered in the Interna-
tional prospective register of systematic reviews database
(CRD42023422189).

1. Search strategy

We searched PubMed, EMBASE, SCOPUS, Cochrane Library,
and Web of Science databases without language restriction.
The following search terms were used: (“Alpha-Lipoic Acid,”
“Lipoic Acid,” “Thioctic Acid,” “Inositol” “myo-inositol,”
or "D-chiro-inositol”) AND (”Polycystic Ovary Syndrome,”
“Stein-Leventhal Syndrome,” “Sclerocystic Ovarian De-
generation,” “Sclerocystic Ovaries,” “hyperandrogenism,”
“Hypertrichosis” “Hirsutism,” “PCQS,” or “PCQO"). Grey lit-
erature was searched using OpenGrey. The reference lists of
the articles and related reviews were manually evaluated to
identify additional relevant papers. The electronic databases
were searched from their inception until May 15, 2023.
Supplementary Material 1 shows the detailed strategy and
syntax used to search each database.

"ou

2. Study selection and data extraction

Two researchers screened all titles and abstracts of the articles
to remove any unrelated records. Full texts of the remaining
records were obtained and evaluated to ensure they met the
inclusion criteria. Data of interest were then extracted, and
quality appraisals were performed. Any disagreements at
each level were resolved through discussions with a third re-
searcher. This systematic review included original papers that
met the following criteria: (i) RCT studies, (i) use of ALA sup-
plementation alone or in combination with other treatments,
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(iii) studies conducted on women with PCOS, and (iv) studies
with a treatment duration of at least 2 weeks. The exclusion
criteria were as follows: (i) observational studies, case series,
reviews, and case reports; (i) studies without an appropri-
ate control group; (iii) studies that lacked sufficient data on
the variables of interest; and (vi) experimental, in vitro, and
laboratory studies. The following information was extracted
from the included RCTs: (i) the first author’s last name; (i) the
year of publication; (iii) the country of origin; (iv) the sample
size; (v) the dose and duration of ALA supplementation; (vi)
age of patients; and (vii) the main outcomes of the variables
of interest, such as body mass index (BMI), fasting blood
sugar (FBS), insulin, homeostatic model assessment of insulin
resistance (HOMA-IR), total cholesterol (TC), triglyceride (TG),
high-density lipoprotein (HDL), low-density lipoprotein (LDL),
malondialdehyde (MDA), total antioxidant capacity (TAC),
estrogen, follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), and testosterone.

3. Quality assessment and data synthesis

The Cochrane risk-of-bias assessment tool was used to
evaluate systematically the risk of bias in the selected trials
[21]. The following criteria were applied: adequacy of ran-
dom sequence generation, allocation concealment, blinding,
addressing dropouts (incomplete outcome data), selective
outcome reporting, and other possible sources of bias. The
overall certainty of evidence for the obtained effect size of
each variable of interest was determined using the grading
of recommendations,assessment, development, and evalua-
tions (GRADE) system [22].

In anticipation of potentially high heterogeneity among
the published articles, the significance of the net alteration
between the ALA intake and control groups was evaluated
using the standardized mean difference (SMD) and its 95%
confidence interval (Cl). Heterogeneity was assessed using
the I statistic (significant when I” was >60%) and Cochrane
Q test (significant at P<0.1). The restricted maximum likeli-
hood random effects model was used to calculate the pooled
effect sizes of the variables of interest. The sensitivity of the
effect size was assessed using the leave-one-out method.
Statistical analysis was conducted using Stata/SE 17.0 for
Windows (StataCorp, College Station, TX, USA).

www.ogscience.org

Results

1. Results of database search

The electronic database search yielded 708 relevant records.
After eliminating duplicate articles and excluding non-eligible
records, 19 articles were evaluated in full-text format. Finally,
seven articles [23-28] met the inclusion criteria for quanti-
tative synthesis, and 12 articles were excluded. Of the 12
excluded articles, nine were excluded because they were
not RCTs. Two articles were excluded because they provided
insufficient information about their studies. One article with
irretrievable data was excluded after careful consideration.
Fig. 1 shows the flow diagram of the inclusion process.

2. Summary of RCT characteristics

Table 1 summarizes the main characteristics of the included
studies. Three studies were conducted in Italy [24,25,28],
two in Iran [23,27], one in Russia [26], and one in Egypt [29].
All the included studies were conducted between 2015 and
2023. The sample sizes of the included studies ranged from
38 to 71 women with PCOS. The participants in the included
RCTs were generally young adults aged 21-37 years and
were overweight, with a BMI range of 21-30 kg/m’. The ALA
dose ranged from 600 to 1,800 mg/day, with a median sup-
plementation duration of 15 weeks (6-25 weeks). Five of the
included studies evaluated the effects of ALA supplementa-
tion alone [23,26-29]. However, two of the included trials
investigated the effects of ALA supplementation in combi-
nation with D-chiro-inositol [24] and myo-inositol [25]. We
performed a subgroup analysis of all variables to determine
the effect of ALA alone or in combination with inositol on
the variables of interest in women with PCOS. Supplemen-
tary Fig. 1 shows the risk of bias assessment report for the
included studies. Supplementary Fig. 2 shows the sensitivity
analysis results of the included studies. Supplementary Fig. 3
shows the certainty of evidence for each variable based on
the GRADE approach.

3. Summary of qualitative results

Two of the included studies evaluated the effect of ALA
supplementation on lipid profiles in women with PCOS
[24,28]. Their results indicated that ALA intake did not af-
fect TC, TG, HDL, or LDL levels. Two additional studies were
included in our systematic review that reported the effects
of ALA supplementation on oxidative stress parameters in
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Identification of studies via databases and registers

Records removed before screening:
Duplicate records removed (n=292)
Records removed for other reasons (n=0)

Records excluded (n=413)

#| Reports not retrieved (n=0)

Records identified from*:
= PubMed (n=106)
o
§ Web of Science (n=4)
5 SCOPUS (n=130)
kel Cochrane Library (n=61)
EMBASE (n=307)
Yy
Records screened (n=432)
v
Reports sought for retrieval (n=19)
=
c
I
A
Reports assessed for eligibility (n=19)
e
Y
3 Studies included in review (n=7)
g Reports of included studies (n=7)
<
e

Y

Reports excluded (n=12)

Not RCT (n=9)

No enough information (n=2)
No related variables (n=1)

Fig. 1. The preferred reporting items for systematic reviews and meta-analyses flow diagram. RCT, randomized controlled trial. *The elec-
tronic databases were searched from their inception until May 15, 2023.

women with PCOS [23,27]. Both studies indicated that ALA
intake in women with PCOS led to a significant decrease in
MDA levels and a significant increase in TAC levels. However,
the limited number of included studies prevented us from
performing a meta-analysis to draw clear conclusions.

4. Summary of meta-analysis
The overall findings of our meta-analysis of five trials showed
no significant difference in BMI after ALA supplementation
in women with PCOS (SMD, -0.06; 95% Cl, -0.39 to 0.27;
’=43.46%, low certainty of evidence) (Fig. 2). No significant
difference was observed after stratifying the studies based
on ALA dosage and its combination with inositol (whether in
combination or not) (Table 2).

The effect of ALA supplementation on glycemic param-
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eters in women with PCOS indicated that ALA intake signifi-
cantly decreased FBS (SMD, -0.60; 95% Cl, -1.10 to 0.10;
’=63.54%, moderate certainty of evidence) and HOMA-IR
(SMD, -2.03; 95% Cl, -3.85 to -0.20; ’=96.32%, low cer-
tainty of evidence), but did not affect insulin levels (SMD,
-1.48; 95% Cl, -3.04 to 0.07; I’=97.66%, very low certainty
of evidence) (Fig. 2). However, our sensitivity analysis indi-
cated that the insulin levels significantly decreased after ALA
supplementation when we excluded the Hamed et al. [29]
study (SMD, -0.74; 95% Cl, -1.40 to -0.08; Supplementary
Fig. 2). The results of the subgroup analysis demonstrated
that ALA supplementation alone significantly reduced FBS
levels compared to ALA combined with inositol. HOMA-
IR was significantly decreased with ALA supplementation
of <600 mg/day compared to >600 mg/day. Furthermore,
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A
Treatment Control SMD .
Study N Mean sD N Mean sD with 95% CI Weight (%)
Asa et al, 2020 20 -0.92 5.2728455 20 -0.8 4.1036569 — . -0.02 [-0.63, 0.58] 17.84
Cianci et al, 2015 26 -1.3 1.7578396 20 -0.4 1.8330303 —— -0.49 [-1.08, 0.09] 18.79
Fruzzetti et al, 2020 43 0.36 6.2807404 28 -2.08 4.1123351 —— 0.44[-0.04, 0.91] 23.37
Jannatifar et al, 2022 20 -0.92 5.2728455 20 -0.8 4.1036569 —— -0.02 [-0.63, 0.58] 17.84
Rago et al, 2015 30 -1.1 1.5524175 20 -0.7 1.4106736 —— -0.27[-0.77,0.24] 22.16
Overall e -0.06 [-0.39, 0.27]
Heterogeneity: T°=0.06, I’=43.46%, H’=1.77
Test of 6=6;: Q(4)=6.96, P=0.14
Test of ©=0: Z=-0.35, P=0.72
Random-effects REML model 105 0005
B
Treatment Control SMD .
Study N Mean SD N Mean SsD with 95% CI Weight (%)
Asa et al, 2020 20 -6.1 3.0805844 20 -3.08 2.6445605 e -1.03[-1.68, -0.38] 23.72
Hamed et al, 2023 19 -0.95 7.7100778 19 2.31 7.2405179 —— -0.43[-1.06, 0.20] 24.25
Jannatifar et al, 2022 20 -6.1 3.0805844 20 -3.08 2.6445605 —— -1.03[-1.68, -0.38] 23.72
Rago et al, 2015 30 -1.2 8.7068938 30 -0.9 9.5388679 —— -0.03[-0.53, 0.47] 28.32
Overall _ -0.60[-1.10,-0.10]
Heterogeneity: T°=0.16, I’=63.54%, H’=2.74
Test of 6=6;: Q(3)=8.50, P=0.04
Test of 6=0: Z=-2.66, P=0.02
-15 -1 -05 0
Random-effects REML model
C
Treatment Control SMD .
Study N Mean sD N Mean SD with 95% CI Weight (%)
Asa et al, 2020 20 291 6.8069891 20 -1.37 4.2422164 E 3 -0.27[-0.88, 0.34] 14.51
Cianci et al, 2015 26 -9.0 7.9730797 20 -1.0 7.4959989 : 3 -1.01[-1.62, -0.40] 14.51
Fruzzetti et al, 2020 43 -5.97 22.891988 18 423 29.593731 3 -0.39[-0.87, 0.08] 14.63
Hamed et al, 2023 19 -26.47 4.3142091 19 -0.79 3.5831271 —— -6.34[-7.90, -4.78] 12.92
Ivanova, 2015 25 -10.48 3.2783275 20 -1.53 3.9591526 &+ -2.45[-3.21,-1.68] 14.32
Jannatifar et al, 2022 20 -2.91 6.8069891 20 -1.37 42422164 E 3 -0.27 [-0.88, 0.34] 14.51
Rago et al, 2015 30 -0.6 2.6851443 30 0.0 2.7622455 ] -0.22[-0.72,0.28] 14.61
Overall - -1.48[-3.04, 0.07]
Heterogeneity: T’=4.24, ’=97.66%, H’=42.69
Test of 6=6;: Q(6)=80.40, P=0.00
Test of 6=0: 7Z=-1.87, P=0.06
8 6 -4-2 0
Random-effects REML model
D
Treatment Control SMD .
Study N Mean sD N Mean sD with 95% CI Weight (%)
Cianci et al, 2015 26 -1.66 2.2869193 20 0.09 2.5632011 - -0.71[-1.30,-0.12] 25.54
Fruzzetti et al, 2020 43 -0.13 0.68942005 28 0.07 0.87709749 E 3 -0.26 [-0.73, 0.22] 25.79
Hamed et al, 2023 19 0.12 0.52716221 19 245 0.5963226 —— -4.05 [-5.16, -2.95] 23.95
Ivanova, 2015 25 -2.6 0.52716221 20 -04 0.80205985 — -3.26 [-4.15,-2.37] 2471
Overall —— -2.03 [-3.85, -0.20]
Heterogeneity: T’=3.30, I’=96.32%, H’=27.16
Test of 6=6;: Q(3)=64.09, P=0.00
Test of 6=0: Z=-2.18, P=0.03
6 4 -2 0
Random-effects REML model
E
Treatment Control SMD .
Study N Mean sD N Mean sD with 95% CI Weight (%)
Asa et al, 2020 20 -2.3 3.3404042 20 -2.32 4.1118974 —h 0.01[-0.60, 0.61] 19.44
Fruzzetti et al, 2020 43 13.834  32.120202 28 14685  29.80426 —— -0.03[-0.50, 0.44] 32.37
Jannatifar et al, 2022 20 -2.3 3.3404042 20 -2.32 4.1118974 — 0.01[-0.60, 0.61] 19.44
Rago et al, 2015 30 -1.9 15.362617 30 -1.0 17.099415 —a— -0.05[-0.55, 0.44] 28.75
Overall - -0.02 [-0.29, 0.25]
Heterogeneity: T°=0.00, I’=0.00%, H’=1.00
Test of 6=6;: Q(3)=0.03, P=1.00
Test of ©6=0: Z=-0.16, P=0.87
-0.5 0 0.5

Random-effects REML model

Fig. 2. The effect of alpha-lipoic acid intake on body mass index (A), fasting blood sugar (B), insulin (C), homeostatic model assessment
for insulin resistance (D), estrogen (E), follicle-stimulating hormone (F), luteinizing hormone (G), and testosterone (H) in women with
polycystic ovary syndrome. SD, standard deviation; SMD, standardized mean difference; Cl, confidence interval; REML, restricted maximum
likelihood.
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F

Treatment Control SMD .
Study N Mean sD N Mean sD with 95% CI Weight (%)
Asa et al, 2020 20 -1.62 0.3897435 20 -0.1 0.19078784 —;— -4.86 [-6.08, -3.63] 19.42
Fruzzetti et al, 2020 43 -1.85 2.9723223 28 -0.85 1.6859715 E 3 -0.39[-0.86, 0.09] 20.48
Hamed et al, 2023 19 -1.82 0.97077289 19 -0.43 0.83719771 E = -1.50[-2.21,-0.79] 20.24
Jannatifar et al, 2022 20 -1.62 0.3897435 20 -0.1 0.19078784 —— -4.86 [-6.08, -3.63] 19.42
Rago et al, 2015 30 04 1.7058722 30 -0.5 1.6462078 : 3 0.53[0.02, 1.04] 20.45
Overall ———— -2.16[-4.35, 0.03]
Heterogeneity: T°=6.05, I’=97.95%, H’=48.80
Test of 6=6;: Q(4)=117.11, P=0.00
Test of ©=0: Z=-1.93, P=0.05
Random-effects REML model 6 4 2 0 2
G

Treatment Control SMD .
Study N Mean SD N Mean SsD with 95% CI Weight (%)
Asa et al, 2020 20 -4.23 0.39153544 20 -1.4 0.33045423 —— -7.66 [-9.44, -5.87] 19.42
Fruzzetti et al, 2020 43 -2.5 6.8762272 28 -1.31 7.5910737 | ] -0.16 [-0.64, 0.31] 20.42
Hamed et al, 2023 19 -2.07 1.7872045 19 -0.05 1.615209 E 3 -1.16 [-1.84,-0.49] 20.34
Jannatifar et al, 2022 20 -4.23 0.39153544 20 -1.4 0.33045423 —— -7.66[-9.44, -5.87] 19.42
Rago et al, 2015 30 -0.3 1.8520259 30 0.0 1.7521415 ] -0.16 [-0.66, 0.34] 20.41
Overall ——— -3.28[-6.70, 0.15]
Heterogeneity: T°=14.87, ’=99.10%, H’=110.61
Test of &:QJ: Q(4)=127.69, P=0.00
Test of 6=0: Z=-1.88, P=0.06

-10 -5 0

Random-effects REML model
H

Treatment Control SMD .
Study N  Mean sD N  Mean sD with 95% CI Weight (%)
Asa et al, 2020 20 -0.23 0.1516234 20 -0.23 0.12767145 —a— 0.00[-0.61, 0.61] 27.39
Fruzzetti et al, 2020 43 0.0 0.57105166 28 -0.18 0.7673982 —a— 0.27[-0.20, 0.74] 4521
Jannatifar et al, 2022 20 -0.23 0.12767145 20 -0.23 0.15716234 — 0.00[-0.61, 0.61] 27.39
Overall —~ 0.12[-0.20, 0.44]
Heterogeneity: T°=0.00, I’=0.00%, H*=1.00
Test of 6=6;: Q(2)=0.70, P=0.71
Test of 6=0: 7Z=0.76, P=0.45

05 0 05 1

Random-effects REML model

Fig. 2. The effect of alpha-lipoic acid intake on body mass index (A), fasting blood sugar (B), insulin (C), homeostatic model assessment
for insulin resistance (D), estrogen (E), follicle-stimulating hormone (F), luteinizing hormone (G), and testosterone (H) in women with
polycystic ovary syndrome. SD, standard deviation; SMD, standardized mean difference; Cl, confidence interval; REML, restricted maximum

likelihood. (Continued)

insulin levels significantly decreased with combined ALA and
inositol supplementation compared to ALA supplementation
alone (Table 2).

The results of the meta-analysis indicated that ALA supple-
mentation did not affect estrogen (SMD, -0.02; 95% Cl,
-0.29 to0 0.25; I’=0%, low certainty of evidence), FSH (SMD,
-2.16; 95% Cl, -4.35 to 0.03; 1°’=97.95%, very low cer-
tainty of evidence), LH (SMD, -3.28; 95% Cl, -6.70 to 0.15;
’=99.10%, very low certainty of evidence), and testosterone
(SMD, 0.12; 95% Cl, -0.20 to 0.44; I’=0%, low certainty
of evidence) levels in women with PCOS than in the control
group (Fig. 2). The subgroup analysis showed that FSH levels
significantly decreased in individuals receiving <600 mg/day
of ALA compared to those receiving >600 mg/day. Addition-
ally, FSH levels significantly decreased when ALA was supple-
mented alone. Subgroup analysis also indicated that LH
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levels significantly decreased when ALA was supplemented
for <12 weeks compared to >12 weeks. Additionally, LH lev-
els decreased in the <600 mg/day dose of ALA compared to
>600 mg/day dose. Finally, LH levels decreased significantly
after ALA supplementation alone than after combined ALA
and inositol supplementation (Table 2).

Conclusion

This systematic review and meta-analysis of RCTs indicate
that ALA supplementation effectively reduces FBS levels
(moderate certainty of evidence) and may effectively de-
crease HOMA-IR levels (low certainty of evidence) in women
with PCOS. However, no substantial impact was observed
on BMI or insulin, estrogen, FSH, LH, and testosterone lev-
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Table 2. Subgroup analysis of all outcomes based on ALA dosage, duration of supplementation, and combination with inositol

Variable Number of studies Effect size SMD 95% CI I (%) P-value for heterogeneity
BMI
ALA dosage
<600 mg/day 3 -0.19 -0.54100.16 0 0.450
>600 mg/day 2 0.09 -0.60t0 0.78 74.74 0.050
Combination with inositol
Yes 2 -0.01 -0.92 10 0.90 82.92 0.020
No 3 -0.13 -0.45100.20 0 0.770
FBS
Combination with inositol
Yes 1 -0.39 -0.86 t0 0.09 - -
No 3 -2.62 -5.241t0-0.01? 97.5 <0.001
HOMA-IR
ALA dosage
<600 mg/day 3 -2.64 -4.63 t0 -0.64” 94.08 <0.001
>600 mg/day 1 -0.26 -0.73100.22 - -
Combination with inositol
Yes 2 -0.45 -0.89t0-0.01? 28.33 0.240
No 2 -3.59 -4.35 t0 -2.827 16.83 0.270
Insulin
Duration
<12 weeks 4 -0.78 -1.82100.27 91.43 <0.001
>12 weeks 3 -2.52 -6.1510 1.12 98.71 <0.001
ALA dosage
<600 mg/day 5 -1.99 -4.13100.15 97.72 <0.001
>600 mg/day 2 -0.31 -0.651t0 0.04 0 0.620
Combination with inositol
Yes 2 -0.67 -1.2810-0.077  59.54 0.120
No 5 -1.84 -4.07 10 0.40 98.11 <0.001
E2
ALA dosage
<600 mg/day 0.01 -0.42 10 0.43 0.1
>600 mg/day -0.04 -0.38 10 0.30 0.940
Combination with inositol
Yes 1 -0.03 -0.50t0 0.44 - -
No 3 -0.02 -0.35t0 0.31 0 0.980
FSH
ALA dosage
<600 mg/day 3 -3.69 -5.93 to -1.45” 92.83 <0.001
>600 mg/day 2 0.07 -0.83100.97 85.05 0.001
24 www.ogscience.org
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Table 2. Subgroup analysis of all outcomes based on ALA dosage, duration of supplementation, and combination with inositol (Continued)

Variable Number of studies Effect size SMD 95% ClI I’ (%) P-value for heterogeneity
Combination with inositol
Yes 1 -0.39 -0.86t0 0.09 - -
No 4 -2.62 -5.24 0 -0.01? 97.5 <0.001
LH
Duration
<12 weeks -5.09 -10.05 t0 -0.13? 97.58 <0.001
>12 weeks 2 -0.63 -1.61t00.34 82.23 0.020
ALA dosage
<600 mg/day -5.42 -9.73t0-1.11? 96.55 <0.001
>600 mg/day -0.16 -0.51t00.18 0 0.1
Combination with inositol
Yes 1 -0.16 -0.64 10 0.31 - -
No 4 -4.08 -8.061t0-0.10°  98.71 <0.001

ALA, alpha-lipoic acid; SMD, standardized mean difference; Cl, confidence interval; BMI, body mass index; FBS, fasting blood sugar; HOMA-IR,
homeostatic model assessment for insulin resistance; E2, estrogen; FSH, follicle-stimulating hormone; LH, luteinizing hormone.

IStatistically significant (P<0.05).

els in women with PCOS. However, the assessment using
the GRADE framework suggests low and very low certainty
of evidence for the above findings. Therefore, these results
should be approached with caution. Furthermore, our sys-
tematic review showed no substantial influence of ALA
intake on lipids (TC, TG, LDL, and HDL) or oxidative stress
(MDA and TAC) parameters in women with PCOS. To our
knowledge, this systematic review and meta-analysis is the
first to examine the effect of ALA alone or in combination
with inositol based on anthropometric, glycemic, lipid, oxida-
tive stress, and hormonal parameters in women with PCOS.

Several studies have proposed that combining inositol with
ALA may enhance its effects [30]. The influence of ALA on
reproductive hormones seems minimal. However, its benefi-
cial effects are probably restricted to metabolic aspects, spe-
cifically in women with PCOS and IR [30].

This systematic review and meta-analysis suggest that add-
ing ALA to the diet does not affect the BMI of women with
PCOS. Furthermore, no significant difference was observed
in the BMI when inositol was combined with ALA at various
dosages. These results contradict those of previous studies
indicating a positive effect of ALA supplementation on BMI.
Previous systematic reviews and meta-analyses demonstrated
that ALA administration can significantly reduce BMI levels
[31-33]. The limited number of included trials and different
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pathophysiologies of PCOS may have contributed to our in-
ability to determine a significant effect of ALA on BMI.

Analysis of the collected data indicated that ALA supple-
mentation did not significantly affect insulin levels. However,
the effects of ALA on insulin levels were marginally insig-
nificant, and ALA showed a non-significant trend toward
decreasing insulin levels. Regarding the effect of ALA intake
on insulin levels, our findings are consistent with those of
Rahimlou et al. [17], who could not detect any significant
effects of ALA supplementation on insulin levels. However,
our results are inconsistent with those of Mahmoudi-Nezhad
et al. [34], who reported a significant decrease in insulin lev-
els following ALA administration. This inconsistency may be
due to high heterogeneity among the included trials and the
limited number of trials in our systematic review. Subgroup
analysis of insulin indicated that combined ALA and inositol
significantly decreased insulin levels compared to ALA alone.
However, it is imperative to note that owing to the limited
number of included studies in each subgroup, these results
must be interpreted carefully, and larger studies are needed
to further clarify and validate these findings.

The findings of the current systematic review on the effect
of ALA on FBS are consistent with those of previous system-
atic reviews, demonstrating that ALA intake can lower FBS
levels [17,35]. Regarding HOMA-IR, our results indicate a
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significant reduction after ALA supplementation in HOMA-
IR compared to the control group, consistent with previous
studies [34].

Several explanations have been proposed for the poten-
tially favorable effects of ALA supplementation on high FBS
levels and IR [36]. Research has indicated that ALA may af-
fect FBS levels by promoting glucose absorption through
improved transportation of the glucose transporter type 4 to
the membranes of fat and muscle cells [37,38]. According
to Jacob et al. [39], intravenous administration of 1,000 mg
ALA improved insulin sensitivity and the rate at which the
body cleared metabolized insulin in patients with type 2 dia-
betes mellitus. Additionally, the significant effect of ALA on
FBS is because of increased glucose transport activity in skel-
etal muscles [40,41]. However, it is crucial to acknowledge
that the influence of ALA extends beyond skeletal muscles,
as it inhibits gluconeogenesis and glucose production in the
liver [42,43]. Furthermore, ALA exerts a partially positive
impact on insulin metabolic pathways [44]. Numerous stud-
ies have indicated that ALA boosts the efficiency of distinct
proteins involved in the insulin signaling pathway, such as
insulin receptor, phosphatidylinositide 3-kinase [45], insulin
receptor substrate 1 [46,47], and protein kinase B [48]. Ow-
ing to these effects, ALA is often described as a substance
that emulates the functions of insulin. Lee et al. [49] dem-
onstrated that ALA stimulates AMP-activated protein kinase
(AMPK) activation in skeletal muscles. These results suggest
that the improvement in insulin sensitivity induced by ALA
was mediated by AMPK activation [50].

This systematic review and meta-analysis results indicate
that ALA supplementation does not significantly affect
hormonal parameters, including estrogen, FSH, LH, and tes-
tosterone levels in women with PCOS. However, subgroup
analysis suggested that ALA supplementation at a dosage
of <600 mg/day significantly decreased FSH and LH levels
compared to a dosage of >600 mg/day. Subgroup analysis
demonstrated that ALA alone significantly decreased FSH
and LH levels compared to ALA combined with inositol. The
subgroup analysis indicated that compared to >12 weeks,
ALA supplementation decreased LH levels in <12 weeks.
However, it is important to note that because of the limited
number of included studies in each subgroup, these results
must be interpreted carefully, and larger studies are needed
to further clarify and validate these findings.

Our study had several limitations. First, the included RCTs
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originated from four countries, which may have affected the
generalizability of the results. Second, although ALA demon-
strated the most notable variation in supplementation, other
minor modifications could complicate the effect of ALA on
the cardiometabolic and hormonal aspects of individuals
with PCOS. Other potential factors influencing cardiometa-
bolic markers also exist, such as vitamin D levels and altera-
tions in gut microbiomes. Third, certain trials lacked sufficient
information regarding the characteristics of the participants,
including BMI and age, making it difficult to accurately cat-
egorize these studies into specific subgroups. Fourth, some
variables were available in a few studies, which impedes
the ability to draw definitive conclusions and conduct more
detailed subgroup analyses. Their interpretation should be
exercised with extreme caution. Finally, significant variability
was observed among the studies, which should be consid-
ered when interpreting the conclusions and outcomes of this
meta-analysis.

ALA will beneficially reduce FBS levels and may favorably
improve IR (by decreasing HOMA-IR) in women with PCOS.
However, further research is necessary to validate these find-
ings, particularly when combined with inositol and hormone
supplementation. Furthermore, studies focusing on the influ-
ence of ALA on other PCOS features, such as fertility and
pregnancy rates, are needed. Nevertheless, regarding clinical
application, ALA is an effective complementary therapy for
managing PCOS. The favorable antioxidant and anti-inflam-
matory properties of ALA can help decrease cardiometabolic
risk factors, including IR, in women with PCOS.
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