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Alpha lipoic acid administration improved both peripheral sensitivity to insulin
and liver clearance of insulin reducing potential risk of diabetes and
nonalcoholic fatty liver disease in overweight/obese PCOS patients

Alessandro D. Genazzani, Christian Battipaglia, Laura Rusce, Greta Prampolini, Claudia Aio,
Francesco Ricciardiello, Martina Foschi, Alessandra Sponzilli, Elisa Semprini and Tabatha Petrillo

Gynecological Endocrinology Center, Department of Obstetrics and Gynecology, University of Modena and Reggio Emilia, Modena, Italy

ABSTRACT

Objective: To evaluate the effects of alpha lipoic acid (ALA) on hormonal and metabolic parameters in a
group of overweight/obese Polycystic Ovary Syndrome (PCOS) patients.

Methods: This was a retrospective study in which thirty-two overweight/obese patients with PCOS (n=32)
not requiring hormonal treatment were selected from the database of the ambulatory clinic of the
Gynecological Endocrinology Center at the University of Modena and Reggio Emilia, Italy. The hormonal
profile, routine exams and insulin and C-peptide response to oral glucose tolerance test (OGTT) were
evaluated before and after 12weeks of complementary treatment with ALA (400 mg/day). Hepatic Insulin
Extraction (HIE) index was also calculated.

Results: ALA administration significantly improved insulin sensitivity and decreased ALT and AST plasma
levels in all subjects, though no changes were observed on reproductive hormones. When PCOS patients
were subdivided according to the presence or absence of familial diabetes background, the higher effects
of ALA were observed in the former group that showed AST and ALT reduction and greater HIE index
decrease.

Conclusion: ALA administration improved insulin sensitivity in overweight/obese PCOS patients, especially
in those with familial predisposition to diabetes. ALA administration improved both peripheral sensitivity
to insulin and liver clearance of insulin. Such effects potentially decrease the risk of nonalcoholic fat liver
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disease and diabetes in PCOS patients.

Introduction

Polycystic ovary syndrome (PCOS) is a frequent reproductive
disorder that affects up to 25% of women of reproductive age
depending mainly from the ethnicity [1,2]. The presence of two
out of three of the criteria established at the consensus meeting
in Rotterdam [3] allows the diagnosis of PCOS. However, in this
last decade the issue of a dismetabolic state, that is insulin resis-
tance (IR) and the correlated compensatory hyperinsulinemia,
has demonstrated to be relevant and very frequent in PCOS
patients [4-6]. In fact, other than the well-known clinical symp-
toms, PCOS frequently show metabolic problems, such as obesity
(up to 50% of the patients), IR and compensatory hyperinsulin-
emia. Such hyperinsulinemic conditions due to IR has been con-
sidered a putative factor triggering PCOS together with the
hyperandrogenic conditions [7].

Such compensatory hyperinsulinemia has been observed in up
to 50-70% of women with PCOS and obesity and in 15-30% of
PCOS women with normal weight [5,8]. Even though such
hyperinsulinemia is a biological attempt to keep circulating glu-
cose under control, it represents the putative trigger of incurring
in metabolic complications such as metabolic syndrome (MS)

[9,10] and nonalcoholic fatty liver disease (NAFLD) and/or liver
fibrosis very frequent in PCOS patients [11].

As the liver is deeply involved in the clearance process of
insulin, a new index, HIE (Hepatic Insulin Extraction), has
recently been applied to obese PCOS subjects, demonstrating to
be tightly linked with IR [12,13]. Briefly, HIE index is the ratio
between insulin and C-peptide plasma levels and reflects the bal-
ance between the kinetics of synthesis and the clearance of the
two peptides. HIE is usually calculated as the ratio between the
area under the curve (AUC) of insulin and the AUC of C-peptide
(AUC Ins/AUC C-Pept) [12,14] but also as the ratio between
insulin and C-peptide plasma levels after overnight fasting [15].
HIE has been reported to increase with the increase of IR of
muscle and adipose tissues and also when there is a reduced
liver ability to clear insulin [12,16]. Liver degrades insulin
through the action of a specific enzyme, ie. the insulin degrad-
ing enzyme (IDE) [17]. Additionally, HIE index has been consid-
ered an important index for the prevention of nonalcoholic fat
liver disease (NAFLD) and hepatic steatosis [11,12]. Since the
HIE index reflects insulin kinetics as a balance between pancre-
atic insulin synthesis and its hepatic clearance, C-peptide almost
exclusively reflects pancreatic synthesis because hepatic C-peptide

CONTACT Alessandro D. Genazzani @ algen@unimo.it @ Gynecological Endocrinology Center, Department of Obstetrics and Gynecology, University of Modena

and Reggio Emilia, Via del Pozzo 71, 41100 Modena, Italy
© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distri-
bution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in

a repository by the author(s) or with their consent.


mailto:algen@unimo.it
https://doi.org/10.1080/09513590.2024.2341701
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/09513590.2024.2341701&domain=pdf&date_stamp=2024-4-15
http://www.tandfonline.com

2 e A.D. GENAZZANIET AL.

clearance is minimal [12,13,18]. HIE index represents the link
between hepatic functions and the risk of NAFLD not only in
the normal population but especially in PCOS because these
patients show a greater incidence of NAFLD than healthy women
due to the high occurrence of IR [19,20]. Recent studies have
reported that the HIE index is higher in obese PCOS patients
with familial diabetes than in those with no familial predisposi-
tion [15,21]. In addition, it has been observed that IR and
NAFLD are frequently combined with elevation, within the
higher limits of normality, of ALT and AST even though such
elevation has not considered a marker of liver dysfunction [19].
Interestingly, our group recently observed that ALA administra-
tion significantly decreased ALT and AST plasma concentrations
in obese PCOS treated for 12weeks, thus suggesting a putative
role of the anti-oxidant role of ALA on the hepatocyte function
[22]. On such basis, we aimed to evaluate the HIE index in a
group of overweight/obese PCOS patients before and after
12 weeks of integrative administration of alpha lipoic acid (ALA),
exploring also HIE index behavior under oral glucose tolerance
test (OGTT).

Methods
Study design and subjects

This was a retrospective study in which we analyzed the outpa-
tients’ database of PCOS subjects attending the ambulatory clinic
of the Gynecological Endocrinology Center at the University of
Modena and Reggio Emilia, Italy between January 2022 and
April 2023. For this, a group of overweight/obese PCOS patients
(n=32) were selected among those not requiring hormonal treat-
ment. On such basis, we selected the patients that received an
integrative approach with ALA (400mg/day) and that had com-
pleted the baseline screening and the first clinical check after
3months of treatment. All these patients (n=32) were selected
according to the criteria established by the American Society for
Reproductive Medicine and the European Society for Human
Reproduction and Embryology for diagnosing the presence of
PCOS [3], and at least two of the following criteria had to be
present: (a) oligomenorrhea with inter-menstrual intervals longer
than 45days, (b) clinical (acne, hirsutism) or biochemical signs
of hyperandrogenism, (c) presence of micro-polycystic ovaries,
i.e. 2 20 follicles per ovary and/or an ovarian volume > 10ml on
either ovary (detected using ultrasound transducers with a fre-
quency bandwidth that includes 8 MHz) [4]. In addition, patients
had to fulfill the following criteria: (a) absence of enzymatic
adrenal deficiency and/or other endocrine disease, including dia-
betes, (b) normal prolactin (PRL) levels (range 5-25ng/mL), (c)
no hormonal treatment during a period of at least 6months
prior to the study, (d) body mass index (BMI) above 26. None
of the subjects was taking medications and/or steroids, or other
drugs (ie. contraceptives or metformin) within the 3 months
prior to the evaluation.

From the database, specific anamnestic information was
extracted such as whether or not the patients had one or more
first-degree relative (parents and/or grandparents) with diabetes.
On such basis, 20 out of 32 (62.5%) PCOS subjects resulted to
have familial predisposition to diabetes, and 12 patients (37.5%)
did not.

Typically, our center screens PCOS subjects before and after at
least 3months (12weeks) of treatment as follows: on day 3-6 of
the menstrual cycle and on day 3-6 of the first bleeding occurring
after the 12th week of treatment. All patients were evaluated for

luteinizing hormone (LH), follicle stimulating hormone (FSH),
thyroid stimulating hormone (TSH), estradiol (E2), progesterone
(P), PRL, androstenedione (A), 17-hydroxyprogesterone (170HP),
dehydroepiandrosterone sulfate (DHEAS), cortisol, insulin, glu-
tamic aspartate amino transferase (AST) and alanine amino trans-
ferase (ALT). Total cholesterol, HDL-C, LDL-C, triglyceride (TG)
plasma levels were also evaluated. Homeostatic Model Assessment
for Insulin Resistance (HOMA-IR) index was computed to esti-
mate sensitivity to insulin [23].

An OGTT was performed by determining levels of blood glu-
cose, in addition to insulin to C-peptide, at fasting baseline and
at 30, 60, 90, 120, 180 and 240min after the oral assumption of
75g of glucose. This was performed before and after the 12 weeks
of ALA treatment. A hyperinsulinemic response is recognized
when insulin plasma levels were above 50 uU/mL within 90 min
of glucose load [24].

Informed consent was obtained from all individual referring
to our out-patient ambulatory clinic of the Gynecological
Endocrinology Center as a standard procedure of the University
of Modena and Reggio Emilia, Italy, before proceeding to the
diagnostic investigation. The study was approved by the local
Ethical Committee as a retrospective observational study.

Statistical analysis

Statistical analysis was performed with QuickStatCalculations
(https://www.socscistatistics.com/). Data are presented as
mean £ standard error of the mean (SEM). Analysis of variance
(one-way ANOVA) was performed to test for statistically signif-
icant differences between the groups (before and after the treat-
ment) and then Student’s T test was applied for paired and
unpaired data, as appropriate. The HOMA-IR index was com-
puted to estimate sensitivity to insulin [23] and calculated as:
fasting insulin mU/L) x (fasting glucose mmol/L1)/22.5 [23]. The
cutoff value we used to define IR was 2.71, as previously stated
[23,24]. The HIE index was calculated as the ratio between insu-
lin and C-peptide plasma concentrations (insulin/C-peptide), as
previously reported [15,17]. This index was determined upon on
all sampling of the OGTT.

Blood assays

To minimize errors, all samples from each subject (baseline and
after treatment) were run in the same assay. Plasma LH and FSH
concentrations were determined using a previously described
immunofluorometric assay [25]. The sensitivity of the assay,
expressed as the minimal detectable dose, was 0.11U/mL. Intra-assay
and inter-assay coefficients of variation were 4.2% and 6.1%,
respectively. Plasma PRL, E2, P, A, TSH, 170OHP, DHEAS, cortisol
as well as glycemic and lipid profiles (Triglyceride, total cholesterol,
HDL-C, and LDL-C) were determined by standard routine proce-
dure by the Modena Hospital Central Laboratory. Plasma insulin
and C-peptide concentrations were determined using an immu-
noradiometric assay (Biosource Europa S.A., Nivelles, Belgium)
[15]. Based on two quality control samples, the average within- and
between-assay coefficients of variation were 4.1% and 10.1%.

Results

Table 1 summarizes hormonal characteristics of subjects under
study. Glucose, insulin, AST, and ALT plasma levels were sig-
nificantly reduced by the integrative administration of ALA. As
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=32).

Table 1. Hormonal and metabolic parameters of PCOS under study (n

Total
cholestrol

C-peptide

HOMA-IR

DHEAS g/

Glucose Insulin HDL-C LDL-C TG mg/
pIu/mL mg/dL

mg/dL

17-OHP ng/

ALT U/L mL index BMI mg/dL HIE index

AST U/L

dL

mg/dL

mg/dL

mL

A ng/mL

E2pg/mL  PRL ng/mL

LH mIU/mL  FSH mIU/mL  TSH plU/mL

=32)

PCOS (n

Baseline

5.81+03

26+0.2

265+2.7 223+02  3.96+06 320+1.3

224+19

109+13

2.7+037 488+6.2 200+26 2.86+0.2 1.25+0.1 925+22 164+2.1 181+6.4 47.7+22 136193

53+0.27

10.1+1.08

Mean +SEM

0.01

0.002

0.014

0.048

0.006

0.047

p level vs under

treatment
Under treatment

Mean +SEM

4.9+0.38

248+0.2

31.1+1.3

0.4

28+

184+1.1 3.01+06

98+10.2 19.3+09

368+1.0 67.2+22  222+43  3.1+032 1.8+0.3 88.1+1.6 125+1.7 173+£82 47.1+25 12111

53+0.27

9.98+13
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a result of the decreased insulin plasma levels, HIE index
decreased significantly after the treatment interval as well as
HOMA-IR index after the overnight fasting.

According to the anamnestic investigation, 62.5% of patients
reported having a history of familial diabetes. When subdividing
the group of PCOS patients according to such aspect (Table 2),
PCOS patients with familial diabetes predisposition at baseline,
before integrative treatment, resulted to have higher ALT and
AST plasma levels than the other group. After the treatment
interval the former group of patients showed a significant reduc-
tion of AST, ALT, insulin plasma levels and of HOMA-IR and
HIE indices, while subject with no family history of diabetes
showed a significant decrease of glucose, insulin plasma levels
and HOMA-IR with no changes for ALT and AST (Table 2). It
is interesting to underline that the differences observed between
the two groups in baseline conditions disappeared after the treat-
ment interval (Table 2).

When OGTT was considered, glucose, insulin and C-peptide
responses to glucose load decreased within 60-90min from the
glucose load (Figure 1). Interestingly, the decrease of insulin
resulted greater than that of C-peptide within 90min after the
glucose load, -32.3% and -14.5% respectively (Figure 1). In
addition, glucose profile showed a significant improvement
(Figure 1).

Figure 2 shows the HIE index profile computed along the
OGTT. HIE index demonstrated the significant reduction at sev-
eral points of the OGTT curve as result of a greater reduction
of insulin plasma levels than those of C-peptide. When PCOS
patients were subdivided according to the presence or not of
familial diabetes background, both groups showed significant
changes induced by the integrative treatment (Figures 3 and 4).
Interestingly, after the integrative treatment, subjects with familial
diabetes predisposition showed a reduction of C-peptide and
insulin response (-11.9% and -29.9%, respectively) (Figure 3
central and right panel); but only insulin resulted significantly
reduced than in baseline condition (Figure 3, right panel).
Contrary to this, PCOS subjects without family diabetes predis-
position showed only a minimal change of glucose response
(Figure 4, left panel) and a non-significant reduction of C-peptide
profile (-18.7%) (Figure 4, central panel); while insulin response
resulted significantly decreased after the glucose load (up to
—-37.9%) (Figure 4 right panel).

When computing HIE index in OGTT for both group of
patients (Figure 5), subjects with familial diabetes background
showed a consistent change in the shape of the HIE index curve
with significant decreases in the time range of 60-120min
(Figure 5, right panel). The other group showed a change only
at time 60min (Figure 5, left panel).

Discussion

The present study demonstrated that the integrative approach
with ALA improved the HIE index in PCOS patients, especially
in those with familial diabetes background, reducing also AST
and ALT plasma levels, thus, ameliorating liver function and
liver ability to clear insulin.

Our data are in agreement with what has previously been
reported by our group [22]. In fact, when treating PCOS patients
with ALA, insulin sensitivity was improved and IR was decreased
with no changes on the reproductive hormones. Our data show
that insulin plasma levels decreased after 3 months of treatment
together with HOMA-IR index and AST and ALT plasma levels.
Such data confirm our previous work [22], supporting the fact
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Figure 1. Response of glucose (left panel), insulin (middle panel) and insulin (right panel) to OGTT before and after 12weeks of complementary treatment with ALA
(400mg/day) in all PCOS patients (n=32). ALA treatment significantly decreases all responses. Left panel: ** p<.01, *** p<.007; middle panel: * p<.02, ** p<.006,

*** p<.005; right panel: * p<.01, *** p<.0002.

that familial diabetes background is a predisposing factor for the
elevation of liver enzymes. In fact, in baseline conditions ALT
and AST resulted at the upper limit of normality in PCOS
patients with a history of familial diabetes and were higher than
in subject without this familial background.

In recent years it has been reported that PCOS patients with
a familial diabetes background have various impairments predis-
posing to IR. Such impairments deal with a reduced expression/
function of specific enzymes deeply involved in the metabolic
pathways such as epimerase, that transforms MYO-inositol (MYO)
to D-chiro inositol (DCI) [26,27] and lipoic acid synthase (LASY)
that inside the mitochondria synthetizes ALA [26,27]. The pres-
ence of IR in those PCOS patients with familial diabetes predis-
position has been reported to be overcome when treating with a
combination of DCI or MYO with ALA or using ALA alone
[28,29], being ALA the main effector of AST and ALT decrease
[25], as confirmed by the present data. In fact, ALA administra-
tion significantly decreased these liver enzymes, mainly in PCOS
patients with a background of family diabetes as our present data
report. This observation is important since it is well known that
any increase in transaminases is an index of putative hepatic
impairment that, as a matter of time, might induce risk of steato-
sis, especially if combined with IR and compensatory hyperinsu-
linemia, frequent in PCOS [12,15]. In addition, all the differences
observed between the two groups of PCOS patients in baseline
conditions disappeared after the interval of ALA administration,
thus supporting the effective action of ALA on the metabolic pro-
file in both groups of PCOS patients.

For the first time, we determined the HIE index in patients
undergoing ALA integrative administration to assess whether
there is any link between the improved liver function, expressed
as decreased transaminase circulating plasma levels, and hepatic
efficiency in degrading insulin. It is well known that the liver is
in charge of clearing up to 50% of the circulating insulin [13,18].

Our data clearly show that after ALA administration, the cal-
culated overnight fasting HIE index resulted significantly decrease
in the whole group of PCOS patients under study. Since the HIE
index depends on the ratio between circulating insulin and
C-peptide, a reduction of the HIE index reflects a greater
decrease of insulin plasma levels. As a consequence, this obser-
vation clearly supports that the reduction of such ratio is not
due to a decreased secretory ability of Langerhans islets but from
the increased insulin clearance, greatly in charge of the liver that
clears higher amounts of insulin from the blood circulation
[30,31]. According to our present data, the compensatory hyper-
insulinemia due to peripheral IR depends not only from a com-
pensatory increased insulin and C-peptide secretion but also

Figure 2. Mean calculated HIE index all along the OGTT. HIE index significantly
decreased after ALA treatment interval. * p<.03, ** p<.003, *** p<.001.

from a decreased hepatic insulin clearance, thus, maintaining
elevated circulating insulin plasma levels [18].

Regarding the OGTT, well defined changes of insulin and
C-peptide responses were observed in all PCOS patients after
ALA administration. Interestingly the highest C-peptide decrease
under glucose load was observed in PCOS without familial dia-
betes background. Since C-peptide clearance by the liver is
almost negligible, C-peptide can be intended to reflect the pan-
creatic synthesis of insulin [13]. PCOS without familial diabetes
background showed a greater reduction of both C-peptide and
insulin in response to glucose load, thus indicating a greater
decrease of pancreatic secretion. Contrary to this, patients with
familial background showed a slight reduction of C-peptide and
a greater reduction of insulin in response to OGTT. This indi-
cates that only a small part of insulin reduction is due to the
decreased pancreatic function. According to such considerations,
it comes clear that any decrease of the HIE index in these
patients reflect a higher amount of degraded insulin by liver
function.

After the interval of treatment with ALA, PCOS patients with
familial predisposition to diabetes showed greater changes in the
HIE index along the OGTT profile. Such data clearly support
that these patients had a higher ALA-induced improvement of
the hepatic clearance of insulin. Such event can be ascribed to a
higher protective effect of ALA on the liver, demonstrated by the
higher decrease of transaminase plasma levels, and at the same
time to the recovered expression/function of insulin degrading
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Figure 3. Response of glucose (left panel), insulin (middle panel) and insulin (right panel) to OGTT before and after 12 weeks of complementary treatment with ALA
(400mg/day) in PCOS patients with a history of familial diabetes (n=20). ALA treatment significantly decreases insulin response but not those of glucose and
C-peptide. *** p<.001.

Figure 4. Response of glucose (left panel), insulin (middle panel) and insulin (right panel) to OGTT before and after 12weeks of complementary treatment with ALA
(400mg/day) in PCOS patients with a familial diabetes background (n=12). ALA treatment significantly decreases insulin response but not those of glucose and
C-peptide. * p<.05.

Figure 5. Mean calculated HIE index all along the OGTT for PCOS patients without (left panel) and with familial diabetes background (right panel). This latter group

showed the majority of significant changes all along the points of the OGTT. * p<.03, ** p<.01, *** p<.009.

enzyme (IDE). The effect of ALA seems to depend on its anti-
oxidant and anti- inflammatory actions, as previously reported
[32], similarly to other complementary treatment such as carni-
tine L-arginine and N-acetyl cysteine [14]. In fact, these integra-
tive substances have been reported to reduce the HIE index in
PCOS patients thanks to the recovery of endogenous glutathione
activity as anti-oxidant, improving insulin degradation [14].
However, ALA seems to be greatly effective since it not only
reduced the HIE index but also decreases ALT and AST levels.

Considering the differences between the two groups of PCOS
patients, our data support the hypothesis that the familial predis-
position to diabetes somehow participates, impairs not only the
peripheral insulin sensitivity through the lower/defective expres-
sion/synthesis of both epimerase and LASY [26,27], but also
reduces the hepatic ability to clear insulin for a reduced expres-
sion/function of IDE. Our present data highlights the clinical
relevance of the integrative use of ALA, especially in PCOS
patients with familial diabetes background and IR, contradicting



a recent review [33] that mainly focuses on the absence of repro-
ductive improvements under ALA administration, a point we
have already reported [22].

In the absence of familial predisposition to diabetes, only
overweight or obesity are responsible for the presence of
decreased insulin sensitivity, thus inducing a compensatory
hyperinsulinemia due to both higher insulin and C-peptide
secretion. On the contrary, in case of the presence of familial
diabetes, other than overweight/obesity, the reduced insulin sen-
sitivity is dependent also by the impaired function/synthesis of
epimerase and LASY [26,27,32] and, additionally, to the impaired
hepatic clearance of insulin, due to a reduced/abnormal expres-
sion of IDE [13]. The combination of these events determines a
higher amount of circulating insulin, only in part due to the
overproduction but also due to a reduced clearance in PCOS
patients with familial diabetes background.

Our present data support that the presence of elevated ALT
and AST levels should be considered as suspicious and a signal of
hepatic impairment. In fact, the combination of hyperinsulinemia
and elevated transaminase has been considered a trigger for
NAFLD, which occurs more frequently in patients with PCOS
than in the normal population. NAFLD frequently shows elevated
ALT and AST levels [19] which are considered relative indicators
of the presence of hepatic disease being eventually close to the
upper range of normality [34,35]. There is growing evidence that
NAFLD and PCOS share the same metabolic triggering factors
[36], and that NAFLD is related more to IR than to liver fat con-
tent [12,20]. The incidence of NAFLD in fertile women with
PCOS has shown to be correlated with IR, altered lipid profiles
and androgen plasma levels [37,38]. On such basis ALA seems to
be specifically effective in the defense of the liver function.

In conclusion our study demonstrated that the integrative
treatment with ALA at the daily dosage of 400mg improves insu-
lin sensitivity both acting peripherally on insulin sensitivity and
on hepatic function, restoring not only normal transaminase levels
but also IDE expression/function. The decrease of the HIE index
reflects a consistent reduction of circulating insulin. Though not
improving reproductive parameters, ALA represents a valid inte-
grative approach for PCOS patients that together with an appro-
priate life style and diet might avoid the onset of relevant health
issues that these patients might develop with passing of time.
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