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ABSTRACT

Polycystic ovary syndrome (PCOS) is a complex reproductive disease characterized not only by altered menstrual fre-
quency, abnormal ovulation or excess of androgens but, frequently, also by insulin resistance (IR). IR occurs as a result of
reduced peripheral sensitivity and compensatory hyperinsulinemia, especially at the fat and skeletal muscle levels. Since
the liver is responsible for clearance of insulin, but not C-peptide, we evaluated the hepatic insulin extraction (HIE) index
(computed as the insulin-to-C-peptide ratio), measured throughout the oral glucose tolerance test (OGTT), as a means of
assessing the dynamics of insulin synthesis/degradation in a group of overweight/obese PCOS patients (n=53).

PCOS patients with familial diabetes (n=31, 59.6%) showed higher plasma ALT and AST levels and a higher incidence
of baseline insulin levels > 12 pU/ml, this latter finding considered an index of IR. These higher AST and ALT levels also
occurred when considering patients according to insulin response to the OGTT. HIE profiles were found to have a differ-
ent shape in PCOS with familial diabetes than in PCOS without familial diabetes. Patients in the latter group still showed
the presence of HIE decrease within 60 minutes of the OGTT as evidence of normal hepatic insulin clearance; on the
contrary, hepatic insulin clearance was impaired in PCOS with familial diabetes.

In conclusion, dynamic evaluation of HIE disclosed that in overweight/obese PCOS patients, familial predisposition to
diabetes impairs hepatocyte function and the hepatic degradation of insulin. This impairment reinforces and maintains
the IR and compensatory hyperinsulinemia in PCOS. These findings on HIE indirectly suggest that higher HIE might be

due to a reduced liver expression/function of the insulin degrading enzyme.
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Introduction

Polycystic ovary syndrome (PCOS) is a very frequent gyne-
cologic and endocrine disease that affects 5-25% of fertile wom-
en!'?. It is widely known that PCOS is diagnosed in the presence
of at least 2 of the 3 diagnostic criteria established at the Amer-
ican Society for Reproductive Medicine and European Society
for Human Reproduction and Embryology consensus meeting in
Rotterdam ). However, in the last decade, the dysmetabolic state
related to insulin resistance (IR) and the correlated compensato-
ry hyperinsulinemia have been considered important additional
aspects that need to be properly considered and evaluated !,

In fact, it has been reported that PCOS patients, in addition
to the endocrine impairment, frequently show overweight or
obesity together with compensatory hyperinsulinemia due to IR.
All these features are major risk factors for metabolic syndrome
(MS) 7 and non-alcoholic fatty liver disease (NAFLD) 8!, The
hepatic insulin extraction (HIE) index was recently evaluated in
obese subjects, and it was shown to be positively correlated with
IR ®91, The HIE index is a measure of the proportion of the insu-
lin secreted from the pancreas that is removed by the liver before
it can enter the systemic circulation, and it is usually computed
as the ratio between the area under the curve (AUC) of insulin
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and the AUC of C-peptide (AUC Ins/AUC C-Pept) ['1. Recent
studies clearly demonstrated that HIE is associated with muscle
and adipose tissue IR other than with liver function that clears
insulin from the blood 1. All these factors together might trigger
NAFLD and hepatic steatosis as recently reported 1",

HIE is usually computed as the AUC Ins/AUC C-Pept under
the oral glucose tolerance test (OGTT), however this computa-
tion does not take into account changes in HIE throughout the
OGTT. In fact, it has been reported that in normal subjects HIE
is not constant during the OGTT 2.

For this reason, we set out to evaluate HIE along the OGTT
in a population of overweight/obese PCOS patients, in baseline
conditions, so as to better evaluate the dynamics of HIE in a
population of patients that frequently have impaired insulin sen-
sitivity.
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Materials and Methods

Subjects

Among the patients attending the outpatient clinic of our depart-
ment’s Gynecological Endocrinology Center between January
2019 and June 2021, and recorded in the Center’s outpatient
database as PCOS, a total of 53 patients showing overweight/
obesity [24.5 + 1.8 years, mean + standard error of the mean
(SEM)] was selected.

All these patients required treatment for their PCOS con-
dition and met the relevant diagnostic criteria established by
the American Society for Reproductive Medicine and the Eu-
ropean Society for Human Reproduction and Embryology ©;
accordingly, at least two of the following criteria were present:
(a) oligomenorrhea with inter-menstrual intervals longer than
45 days, (b) clinical (acne, hirsutism) or biochemical signs of
hyperandrogenism, (c) presence of micro-polycystic ovaries on
ultrasound examination.

The patients also had to fulfil the following criteria: (d) ab-
sence of enzymatic adrenal deficiency and/or other endocrine
disease, including diabetes, (¢) normal prolactin (PRL) levels
(range 5-25 ng/ml), (f) no hormonal treatment or insulin sensi-
tizer drugs during a period of at least 6 months prior to the study,
(g) body mass index (BMI) above 27.

All the patients, at the first consultation (history taking),
were interviewed to establish whether they had one or more
first-degree relatives (parents and/or grandparents) with diabe-
tes. The anamnestic investigation revealed that 31 of the 53 pa-
tients (59.6%) reported first-degree diabetic relatives.

Informed consent was obtained from all individual partic-
ipants, as a standard procedure of the Gynecological Endocri-
nology Center of the University of Modena and Reggio Emilia,
Italy, after which they were evaluated for levels of luteinizing
hormone (LH), follicle-stimulating hormone (FSH), estradiol
(E2), progesterone (P), androstenedione (A), insulin, glutamic
aspartate amino transferase (AST), and alanine amino transferase
(ALT). The HOMA index was computed to estimate sensitivity
to insulin ¥, An oral glucose tolerance test (OGTT), for insulin,
C-peptide and glucose determinations, was performed sampling
before and at 30, 60, 90, 120, 180 and 240 min after oral intake
of 75 g of glucose. A hyperinsulinemic response is recognized
when plasma insulin levels are above 50 wU/ml within 90 min
of the glucose load . In addition, consideration was given also
to baseline plasma insulin levels, since a plasma insulin level of
12 pU/ml or higher is considered an index of IR ['*15],

After the endocrine evaluation, all the patients were pre-
scribed a treatment based both on the clinical findings and their
aims and desires. For the purposes of the present study, only the
baseline evaluation, performed by all these patients, was con-
sidered.

According to the presence of familial diabetes, the whole
set of PCOS patients was divided in two groups: PCOS with
familial diabetes (n=31) and PCOS without familial diabetes
(n=22). Both groups were then considered on the basis of the
presence or absence of a hypersulinemic response to the OGTT,
as well as their plasma fasting insulin levels, that is insulin < 12
pU/ml (n = 22)] and insulin > 12 wU/ml (n= 31), as previously
reported 4161,
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Assay
All samples from each subject were assayed in the same assay.
Plasma LH and FSH concentrations were determined using a
previously described immunofluorometric assay !'*!7. The sen-
sitivity of the assay, expressed as the minimal detectable dose,
was 0.1 IU/ml. The cross-reactivities with free and B-subunits of
LH, FSH and thyroid-stimulating hormone (TSH) were less than
2%. Intra-assay and inter-assay coefficients of variation were
4.2% and 6.3%, respectively. Plasma E2, A, and cortisol lev-
els were determined by commercially available assay systems.
Based on two quality control samples, the average within- and
between-assay coefficients of variation were 3.7% and 8.2%.
Plasma insulin and C-peptide concentrations were deter-
mined using an immunoradiometric assay (Biosource Europa
S.A.,Nivelles, Belgium). Based on two quality control samples,
the average within- and between-assay coefficients of variation
were 4.0% and 10.2%.

Statistical evaluation
After analysis of variance (one-way ANOVA), data were tested
for statistically significant differences between the groups by
means of Student’s t-test for paired and unpaired data, as appro-
priate. Chi-square test was computed to test for any statistically
significant difference between the expected and the observed fre-
quencies in one or more categories of our PCOS patients under
evaluation. The HOMA index was computed to estimate sensi-
tivity to insulin ¥ since it is considered the main index of IR and
MS, and a common link between the coexisting abnormalities; it
can be calculated by homeostasis model assessment of IR (HO-
MA-IR) as (fasting insulin mU/I) x (fasting glucose mmol/1)/22.5
(20, We used the previously established cut-off value of 2.7,
The HIE index was computed as the ratio between plasma
insulin and C-peptide concentrations (insulin/C-peptide) "’ for
each sample of the OGTT. This evaluation aimed to evaluate the
dynamic changes in HIE along the entire OGTT.
Data are expressed as mean + SEM.

Results

To better outline the results, we present them according to
the groups identified in the PCOS population under study. For
this purpose, the results are presented according to presence/
absence of familial diabetes and according to the concomitant
presence/absence of plasma insulin levels above 12 pU/ml and/
or of a response higher than 50 wU/ml on the OGTT.

Figure 1 shows the subgroups identified among the PCOS
patients. Only the frequency of plasma insulin levels above 12
nU/ml was significantly higher (p<0.05, Chi square test) in the
group of PCOS patients with familial diabetes

PCOS with/without familial diabetes

Table 1 summarizes the hormonal and metabolic characteris-
tics of the PCOS patients divided according the presence or
absence of familial diabetes. The two groups are homogenous
and the only difference is in the plasma AST and ALT levels,
which were higher in the PCOS patients with familial diabetes.
When HIE profiles were drawn, the profile of patients without
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Figure 1 Distribution of the presence of familial diabetes, insulin response to OGTT, and presence of plasma insulin levels < and > 12 pU/ml in overweight/
obese PCOS patients (n=53). Plasma insulin levels > 12 pU/ml occurred more frequently in patients with familial diabetes (p<0.05).
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Table 1 Hormonal and metabolic characteristics of PCOS patients under study subdivided according to the presence (n=31) or absence (n=22) of

familial diabetes.

DIABETIC | LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL | TG | AST | ALT | HOMA | VITD | BMI
RELATIVES | mUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
(N=31) ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
Mean 11.21 | 580 |ng/ml | 191 | 529 | 048 | 17.66 | 269.2 | 0.99 | 91.35 | 13.90 | 177.2 | 50.36 | 109.2 | 105.1 | 25.50 | 30.60 | 3.31 | 10.98 | 33.14
SEM 092 | 028 | 017 | 022 | 596 | 0.13 | 1.93 | 2258 | 0.18 | 2.55 147 | 507 | 263 | 534 | 832 | 1.70 | 293 | 048 | 272 | 1.16
P level 0.04 | 0.03
NODIABETIC | LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL | TG | AST | ALT |HOMA | VITD | BMI
RELATIVES | mUI/ | mUI/ | FSH | plu/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L | U/L | INDEX | ng/ml
(N=22) ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
Mean 9.06 | 567 | 1.62 | 1.63 | 49.8 | 0.55 | 12.72 | 340.8 | 0.76 | 90.69 | 12.84 | 178.0 | 59.64 | 103.0 | 96.29 | 19.00 | 19.50 | 3.31 | 14.45 | 30.76
SEM 110 | 0.38 | 0.18 | 0.28 | 6.33 | 0.16 | 1.99 | 60.25 | 0.20 | 2.73 228 | 1232 | 835 [ 10.85| 9.96 | 1.44 | 243 | 079 | 148 | 2.12

familial diabetes was found to differ from that observed in pa-
tients with familial diabetes. This difference is linked to the fact
that HIE was significantly reduced (p<0.02) at 60 minutes in
the OGTT in the PCOS patients without familial diabetes. This
pattern was not observed in PCOS patients with familial diabe-
tes (Fig. 2).

PCOS with baseline insulin plasma levels
<or>12 pyU/ml

Table 2 summarizes the hormonal and metabolic characteristics
of the PCOS patients considered according to their baseline lev-
els of insulin (above or below 12 pU/ml). Interestingly, although
the hormone profile results were similar, most of the metabolic
parameters differed significantly, being higher in PCOS patients
with plasma insulin levels > 12 uU/ml.

When considering the HIE profiles under OGTT, the patients
with familial diabetes showed higher HIE at many timepoints of
the test, including -15 min and 0, that is before the glucose load.
In addition, the patients with insulin < 12 pU/ml showed a sig-
nificant reduction in HIE at 60 min (p<0.0008) (Fig. 3, panel A).
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Figure 2 HIE profiles under OGTT observed in PCOS patients with (n=31)
and without (n=22) familial diabetes. This latter group showed a significant
reduction (p<0.02) due to the transition from first to second phase insulin
secretion.
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Table 2 Hormonal and metabolic characteristics of PCOS patients under study subdivided according to the presence of baseline insulin level > 12
pU/ml or < 12 pu/ml.

INSULIN > LH FSH LH/ TSH E2 P PRL A 17- GLU- | INSU- | COL | HDL LDL TG AST ALT | HOMA | VITD | BMI
12puU/ml | mU/ | mUI/ | FSH | plu/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml

n=22 ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
Mean 125 | 53 2.3 2.1 59.2 | 04 | 147 | 2595 | 14 929 19.2 | 1616 | 443 | 954 | 1187 | 221 | 263 | 44 | 149 | 352
SEM 1.3 0.2 0.2 0.5 8.9 0.1 2.1 348 | 02 1.8 1.8 59 29 58 | 135 | 1.8 3.1 0.5 0.9 1.8
P level 0.01 0.001 | 0.01 | 0.03 | 0.05 0.001 0.004
INSULIN< | LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
12 pyU/ML | mU/ | mUI/ | FSH | plu/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml

N=31 ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
Mean 11.0 6.0 1.9 2.0 49.0 0.7 172 12793 | 09 86.7 8.8 187.5 | 53.7 | 118.2 | 96.0 | 240 | 26.5 1.7 179 | 29.6
SEM 1.0 0.3 0.2 0.2 45 0.2 16 | 225 | 0.2 15 0.7 6.6 2.8 5.8 7.6 1.8 3.1 0.1 3.1 1.0

Figure 3 HIE profiles under OGTT according to baseline insulin levels level < or > 12 pU/ml.

Panel A: HIE was significantly lower in PCOS patients with baseline insulin < 12 pU/ml; HIE decreased significantly (p<0.0008) from 30 to 60 minutes after
glucose load. (** p< 0.03; *** p< 0.01; **** p< 0.0002). Panel B: HIE in PCOS patients with familial diabetes. PCOS subjects with baseline insulin > 12 pU/
ml showed a significantly higher HIE profile. (* p< 0.05; ** p< 0.03; *** p< 0.005). Panel C: HIE in PCOS patients without familial diabetes; PCOS subjects
with baseline insulin > 12 pU/ml showed a significantly higher HIE profile. Those with < 12 uU/ml showed significantly decreased HIE (p<0.0003) from 30
to 60 minutes after glucose load. (** p< 0.02; *** p< 0.01; ** p< 0.0002).
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PCOS with/without familial diabetes and with
baseline insulin plasma levels < or > 12 pU/ml
Table 3 summarizes the hormonal and metabolic characteristics
of the PCOS patients considered according to the presence or
absence of familial diabetes, as well as their baseline levels of
insulin (above or below 12 uU/ml). PCOS patients with familial
diabetes and baseline levels of insulin above 12 wU/ml showed
higher plasma LH, 170HP, insulin, total cholesterol, and LDL
levels, and higher HOMA index and BMI values than PCOS
patients without familial diabetes and with baseline levels of in-
sulin below 12 pU/ml. Interestingly, PCOS patients with famil-
ial diabetes and with baseline levels of insulin above 12 pU/ml
showed higher plasma AST and ALT levels than PCOS patients
without familial diabetes and with baseline levels of insulin
above 12 pU/ml. The PCOS patients without familial diabetes
and with baseline levels of insulin above 12 uU/ml recorded
higher plasma levels of glucose and insulin and higher HOMA
index and BMI values than the PCOS patients without familial
diabetes and with baseline insulin levels below 12 uU/ml.
When considering HIE profiles under OGTT, the PCOS

60

patients with familial diabetes showed significant differences
according to the baseline levels of insulin (Fig. 3 panel B). In-
terestingly, the HIE profile shapes were markedly different from
those observed for PCOS patients without familial diabetes
(Fig. 3, panel C), being smoother in the presence of familial
diabetes than in the cases with no familial diabetes. Within this
latter group, the HIE profile in subjects with insulin <12 pU/ml
was sharper and showed a rapid significant decrease from 30
min to 60 min of the OGTT (Fig. 3, panel C).

PCOS with normo or hyperinsulinemic response
on the OGTT

Table 4 summarizes the hormonal and metabolic character-
istics of the PCOS patients considered according to the presence
or absence of a hyperinsulinemic response to OGTT. As report-
ed in Fig. 1 the patients showing an insulin response higher
than 50 pwU/ml within 90 min of the glucose load numbered 44
(83%), and only 9 (17%) showed responses within the normal
limits. Those showing a hyperinsulinemic response to glucose
load were significantly different from the normoinsulinemic re-
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Table 3 Hormonal and metabolic characteristics of PCOS patients under study subdivided according to the presence or absence of familial diabetes

and the presence of baseline insulin levels > 12 pU/ml or < 12 pU/ml.

FAMILIAL LH FSH LH/ TSH E2 P PRL A 17- GLU- | INSU- | COL | HDL LDL TG AST ALT | HOMA | VITD | BMI
DIABETES | mUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
INSULIN > ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
12 pu/ML
(N=15)
Mean 138 | 55 25 16 | 613 | 04 | 13.0 | 2321 | 1.6 92.0 206 | 165.0 | 46.3 | 96.0 | 118.0 | 24.5 | 30.1 47 145 | 36.1
SEM 1.8 0.3 0.2 04 | 118 | 01 22 | 199 | 01 2.1 2.3 7.0 3.7 74 | 180 | 22 4.0 0.7 25 2.2
plevelvs <) o 0.05 0.03 0.0001 | 0.04 0.02 0.0005 0.04
12 pU/mi
plevel vs
NO Fam
Diabetes 0.04 | 0.05
>12 pu/mli
FAMILIAL | LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
DIABETES | mUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/mi
INSULIN< | ml ml ml ng/ml | mg/dl | plU/ml | mg/di
12 pU/ML
(N=16)
Mean 10.1 59 1.9 20 | 496 | 05 | 166 | 269.7 | 0.7 87.7 95 |186.3 | 50.6 | 119.5 | 100.5 | 26.5 | 31.1 1.8 120 | 312
SEM 0.9 05 0.2 04 7.7 0.2 22 | 302 | 0.2 2.2 1.3 7.1 3.1 6.2 9.2 2.8 47 0.2 39 1.3
NO LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUl/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L | U/L | INDEX | ng/ml
DIABETES | ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
INSULIN >
12 pU/ML
(N=8)
Mean 9.8 5.1 19 34 | 552 | 04 | 181 | 3350 141 94.8 16.4 | 1548 | 40.2 | 945 | 1202 | 17.2 | 18.8 39 | 135 | 333
SEM 15 0.2 0.3 18 | 153 | 03 53 |136.3 | 0.3 37 2.7 124 | 49 | 115 | 231 1.9 2.2 0.8 26 3.6
plevel vs <
12 pU/ml 0.03 | 0.0002 0.001 0.05
NO LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUl/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L | U/L | INDEX | ng/ml
DIABETES ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
INSULIN <
12 pU/ML
(N=14)
Mean 120 | 6.2 1.9 20 | 482 | 09 | 17.8 | 2904 | 141 85.6 79 | 1889 | 655 | 108.6 | 90.8 | 20.9 | 20.8 1.7 209 | 277
SEM 1.9 04 0.3 0.3 4.4 0.4 25 | 360 | 04 2.2 0.6 122 | 84 | 120 | 131 1.8 3.1 0.2 4.0 1.4

sponse group in several hormonal and metabolic parameters. In
fact, the hyperinsulinemic subjects showed higher plasma LH,
insulin, AST and ALT values and a higher HOMA index, and
lower HDL levels than normoinsulinemic subjects (Table 4).

When considering HIE profiles under OGTT, hyperinsuline-
mic PCOS patients showed higher HIE values than the normo-
insulinemic PCOS group. This latter group showed a sharp and
significant decrease in HIE at time 60 min of the OGTT (p<0.01)
that was not observed in the other group (Fig. 4, panel A).

PCOS with/without familial diabetes and with

normo or hyperinsulinemic response on the OGTT
Table 5 summarizes the hormonal and metabolic characteristics
of the PCOS patients considered according to the presence or
absence of familial diabetes and a normo or hyperinsulinemic
response to the OGTT. It is of note that when familial diabetes
was absent, no differences were observed according to the in-
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sulin response to OGTT. Conversely, the patients with familial
diabetes, independently of the response to the OGTT, showed
higher AST and ALT values than the corresponding groups of
PCOS without familial diabetes.

When considering HIE profiles under OGTT, the PCOS pa-
tients with familial diabetes and hyperinsulinemic response to
OGTT showed higher HIE values along the entire OGTT curve
than the normoinsulinemic PCOS patients with familial diabe-
tes (Fig. 4 panel B).

Conversely, no significant differences were observed for
PCOS without familial diabetes with or without hyperinsuline-
mic response to OGTT (Fig. 4 panel C). Interestingly, in PCOS
without familial diabetes a significant decrease of HIE at 60
minutes of the OGTT (p<0.03) was observed in hyperinsuline-
mic group. Normoinsulinemic PCOS showed a decrease at 60
minutes of OGTT but this did not reach significance due to the
few subjects in the group (Fig. 4 panel C).
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Table 4 Hormonal and metabolic characteristics of PCOS patients under study subdivided according to the presence of hyperinsulinemic (n=44) or
normoinsulinemic (n=9) response on the OGTT.

HYPER- LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
INSULI- muUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
NEMIC ml ml ml ng/ml | mg/dl | plUu/ml | mg/dl

ON OGTT

N=44
Mean 118 | 57 2.1 19 | 543 | 05 | 175 | 287.2 | 11 89.3 140 | 1752 | 49.8 | 108.5 | 1045 | 240 | 276 | 31 16.0 | 319
SEM 0.9 0.2 0.1 0.2 47 0.1 15 22.4 0.2 1.3 1.2 47 2.1 45 71 1.3 2.2 0.4 3.3 1.1
p level 0.03 0.01 0.048 0.03 0.005 0.05 | 0.05 | 0.03

NORMO- LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
INSULI- muUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
NEMIC ml ml ml ng/ml | mg/dl | plU/mi | mg/di

ON OGTT

N=9
Mean 7.7 6.1 1.3 2.1 421 1.1 18.3 | 276.0 | 0.8 93.6 82 | 1895 | 69.1 | 103.8 | 90.8 | 17.6 | 18.0 14 | 172 | 314
SEM 1.3 0.7 0.2 0.2 37 0.5 32 | 521 0.2 8.2 1.0 142 | 108 | 146 | 127 | 58 8.6 04 0.6 41

Figure 4 HIE profiles under OGTT according to normoinsulinemic or hyperinsulinemic response to the OGTT.

Panel A: HIE was significantly lower in normoinsulinemic PCOS patients. HIE decreased significantly (p<0.01) from time 30 to 60 minutes after glucose
load. (* p< 0.05; ** p< 0.01; *** p< 0.001). Panel B: HIE in PCOS with familial diabetes. Hyperinsulinemic PCOS patients showed significantly higher HIE.
(** p< 0.01). Panel C: HIE in PCOS without familial diabetes. There are no differences in HIE profile between normo and hyperinsulinemic PCOS patients.
To note that hyperinsulinemic PCOS showed significantly decreased HIE (p<0.03) from 30 to 60 minutes after glucose load.
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Table 5 Hormonal and metabolic characteristics of PCOS patients with or without familial diabetes subdivided into hyperinsulinemic or normoinsulinemic
according to insulin response to OGTT.

FAMILIAL
DIABETES
HYPER-
INSULI-
NEMIC
ON OGTT
N=26

LH
mul/
ml

FSH
mul/
ml

LH/
FSH

TSH
plu/
ml

E2
pg/ml

P
ng/ml

PRL
ng/ml

17-
OHP
ng/ml

GLU-
COSE
mg/dl

INSU-
LIN
piu/mi

coL
T0T
mg/dI

HDL
mg/dl

LDL
mg/dl

TG
mg/dl

AST
u/L

ALT
u/L

HOMA
INDEX

VITD
ng/ml

BMI
ng/ml

Mean

1.7 | 57 2.1

0.3

15.5

2545 | 0.8 1783 | 488 | 1124 11051 | 26.2 | 31.7 | 34 | 101 | 333

SEM

1.0 0.3 0.2 03 7.2

0.1

2.0

212 | 02 6.1 25 5.9 9.7 3.0 0.5 34 1.4

pvs
normo-
insuli-
nemic

n.s. n.s. n.s. n.s. n.s.

n.s.

n.s.

n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

p vs no
familial
diabetes
hyper-
insuli-
nemic

0.01
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FAMILIAL LH FSH | LH/ | TSH E2 P PRL A 17- GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
DIABETES | mUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
NORMO- ml ml ml ng/ml | mg/dl | plU/ml | mg/dl

INSULI-

NEMIC

ON OGTT

N=5
Mean 128 | 7.2 1.7 36 | 350 | 02 | 144 |250.0| 1.4 90.0 93 | 1740 | 54.0 | 1025 | 1155 | 27.0 | 32.0 25 155 | 315
SEM 5.7 15 0.4 0.9 0.0 0.1 20 | 99.0 | 01 0.0 2.8 17.0 | 17.0 | 134 | 431 22 3.1 0.5 2.0 2.6
p vs no
familial
diabetes
normo- 0.01 | 0.01
insuli-
nemic

NO LH FSH | LH/ | TSH E2 P PRL A 17- GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
DIABETES ml ml ml ng/ml | mg/dl | plu/ml | mg/dl

HYPER-

INSULI-

NEMIC

ON OGTT

N=18
Mean 121 5.8 2.1 23 51.2 0.6 19.0 | 3277 | 1.4 87.9 128 | 1706 | 51.4 | 103.5 | 104.8 | 20.0 | 21.2 2.6 20.7 | 30.6
SEM 1.4 0.3 0.2 0.4 5.3 0.1 2.1 458 | 0.3 2.3 1.8 7.8 4.0 71 113 | 15 21 0.4 4.8 1.9
NO LH FSH | LH/ | TSH E2 P PRL A 17- GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUl/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
DIABETES ml ml ml ng/ml | mg/dl | plU/ml | mg/dl

NORMO-

INSULI-

NEMIC

ON OGTT

N=4
Mean 6.1 6.1 1.0 16 | 493 | 16 | 129 | 1950 | 04 87.0 72 | 2153 | 855 | 110.8 | 96.3 | 15.0 | 13.0 1.2 187 | 316
SEM 2.1 1.3 0.2 04 | 106 | 1.4 42 | 496 | 0.03 5.5 2.0 33.0 | 255 | 379 | 271 1.0 2.1 0.8 7.5 42

PCOS patients with familial diabetes, with
normo or hyperinsulinemic response to OGTT
with baseline insulin levels > 12 pU/ml
or <12 pU/ml
Table 6 summarizes the hormonal and metabolic parameters of
PCOS patients with familial diabetes according to insulin re-
sponse to OGTT and to insulin baseline levels > 12 pU/ml or <
12 pU/ml. Hyperinsulinemic PCOS patients with baseline insu-
lin levels > 12 uU/ml showed higher insulin plasma levels, BMI
and HOMA index values than those with insulin baseline levels
< 12 pU/ml and higher LH plasma levels than normoinsuline-
mic PCOS with insulin plasma levels > 12 uU/ml (Table 6).
When considering HIE profiles under OGTT, PCOS pa-
tients with familial diabetes with insulin baseline levels > 12
nU/ml had significantly higher HIE values than those with in-
sulin < 12 pU/ml (Fig. 5 panel A). No significant differences
were observed in case of normoinsulinemic PCOS with familial
diabetes between those with insulin levels > 12 uU/ml and < 12
wU/ml (Fig. 5 panel B).

PCOS patients without familial diabetes,

with normo or hyperinsulinemic response

to OGTT with baseline insulin level > 12 pU/ml

or <12 pU/ml

Table 7 summarizes the hormonal and metabolic parameters of
PCOS patients without familial diabetes according to insulin re-
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sponse to OGTT and to insulin baseline levels > 12 pU/ml or <
12 wU/ml. Hyperinsulinemic patients with baseline insulin lev-
els > 12 pU/ml showed only a higher HOMA index and lower
HDL level when compared with those with insulin < 12 pU/ml
(Fig. 6 panel A). Among the normoinsulinemic PCOS patients
there were no subjects with insulin levels > 12 pU/ml.

When considering HIE profiles under OGTT, hyperinsu-
linemic PCOS patients with baseline insulin levels > 12 pU/ml
showed higher HIE values than those with insulin < 12 pU/ml
(Fig. 6 panel A). The hyperinsulinemic PCOS patients showed a
significant decrease in HIE at 60 min (Fig. 6 panel A), similarly
to other groups.

Discussion

The present study is a first attempt to evaluate HIE under
OGTT in a group of overweight/obese PCOS subjects accord-
ing to the presence/absence of familial diabetes and metabolic
parameters such as baseline insulinemia and insulin response
to OGTT.

Our data show that in overweight/obese PCOS, the presence
of familial diabetes predisposes patients to show higher plas-
ma ALT and AST levels and compensatory hyperinsulinemia,
known to occur very frequently in PCOS "8, While not patho-
logical, these raised transaminase levels, together with IR, sup-
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Table 6 Hormonal and metabolic characteristics of PCOS patients with familial diabetes, with or without hyperinsulinemic response to OGTT subdivided
according to the presence of baseline insulin level > 12 yU/ml or < 12 pU/ml.

FAMILIAL
DIABETES
HYPER-
INSULI-
NEMIC
INSULIN >
12 pU/ML
(N=14)

LH
mul/
ml

FSH
mul/
ml

LH/
FSH

TSH
plu/
ml

E2
pg/ml

P
ng/ml

PRL
ng/ml

A
ng/ml

17-
OHP
ng/ml

GLU-
COSE
mg/dl

INSU-
LIN
uiv/mi

COL
TOT
mg/dl

HDL
mg/dl

LDL
mg/dl

TG
mg/dl

AST
u/L

ALT
u/L

HOMA
INDEX

VITD
ng/ml

Mean

12.7

5.4

24

16

62.1

0.4

13.0

2243

16

21.3

164.3

45.0

95.9

1213

24.2

30.2

4.9

14.5

37.2

SEM

16

0.3

0.2

0.4

13.0

0.1

22

20.1

0.1

2.1

25

7.9

3.8

8.7

19.6

25

4.5

0.7

3.4

2.1

p level
vs< 12
pU/ml

0.001

0.001

0.003

p level vs
normo-
insuli-
nemic & >
12 pU/mli

FAMILIAL
DIABETES
HYPER-
INSULI-
NEMIC
INSULIN <
12 pU/ML
(N=12)

LH
mul/
ml

FSH
mul/
ml

LH/
FSH

TSH
uiu/
ml

E2
pg/ml

P
ng/ml

PRL
ng/ml

ng/ml

17-
OHP
ng/ml

GLU-
COSE
mg/dl

INSU-
LIN
plu/ml

CoL
TOT
mg/dI

HDL
mg/dl

LDL
mg/dl

TG
mg/dl

AST
u/L

ALT
U/L

HOMA
INDEX

VITD
ng/ml

Mean

10.2

59

19

60.8

0.3

15.7

253.3

0.5

88.3

10.2

185.1

51.6

119.3

100.6

26.9

30.3

2.1

12.0

31.6

SEM

1.0

0.5

0.3

0.5

12.0

0.1

29

32.1

0.1

2.6

1.6

10.5

4.0

9.4

1.3

2.4

4.2

0.3

39

1.8

FAMILIAL
DIABETES
NORMO-
INSULI-
NEMIC
INSULIN >
12 pU/ML
(N=3)

LH
mul/
ml

FSH
mul/
ml

LH/
FSH

TSH
plu/
ml

E2
pg/ml

P
ng/ml

PRL
ng/ml

ng/ml

17-
OHP
ng/ml

GLU-
COSE
mg/dl

INSU-
LIN
piu/mi

coL
TO0T
mg/dI

HDL
mg/dl

LDL
mg/dl

TG
mg/dl

AST
u/L

ALT
u/L

HOMA
INDEX

VITD
ng/ml

Mean

8.75

6.1

14

2.6

35

0.3

14.4

180

14

90

14.3

162

42

93

146

26

39

13.5

33.3

SEM

1.0

0.6

0.4

0.5

0.1

22

35.1

0.1

2.6

19

1.5

3.0

9.1

1.1

22

4.0

0.3

36

19

p level
vs <12
pU/ml

0.05

FAMILIAL
DIABETES
NORMO-
INSULI-
NEMIC
INSULIN <
12 pU/ML
(N=2)

LH
mul/
ml

FSH
mul/
ml

LH/
FSH

TSH
piu/
ml

E2
pg/mi

P
ng/ml

PRL
ng/ml

ng/mi

17-
OHP
ng/ml

GLU-
COSE
mg/dl

INSU-
LIN
piu/mi

coL
TOT
mg/dl

HDL
mg/dI

LDL
mg/dl

TG
mg/dI

AST
U/L

ALT
U/L

HOMA
INDEX

viTD
ng/ml

Mean

16.8

8.2

2.0

2.2

35

0.1

12.5

320

90

9.2

186

66

12

85

27

32

25

15.0

333

SEM

25

18

0.2

03

9.7

0.06

18

27.6

0.2

55

9.8

4.1

10.2

9.7

2.0

2.3

0.2

2.3

1.4

port what was previously reported by Polyzos et al."!l, namely
that the presence of overweight/obesity together with IR trig-
gers a higher risk of NAFLD, and the risk of hepatic steatosis
and fibrosis and MS too.

Fasting insulin above 12 pU/ml is an indicator of IR 115,
and when the PCOS patients were considered on the basis of
the presence or absence of familial diabetes and, at the same
time, of insulin levels above or below 12 pU/ml, our data clearly
showed that insulinemia above 12 pU/ml occurred significantly
more frequently in patients with familial diabetes. In addition,
we found that, in cases of familial diabetes and insulin plasma

64

levels > 12 pU/ml, the lipid profile and HOMA index were high-
er than in patients with insulin levels < 12 uU/ml, confirming
what was reported by Lunger et al.!™, namely that abnormal
baseline insulin correlates with an abnormal lipid profile.

It is interesting to note that when our PCOS patients were
considered according to the insulin response to the glucose load,
83% showed an insulin response higher than 50 pU/ml ", sim-
ilarly to what has previously been reported"”). These hyperinsu-
linemic PCOS patients showed higher hormonal and metabolic
parameters than the normoinsulinemic PCOS group. In fact,
they had not only higher insulinemia, but also higher LH, AST,
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Figure 5 HIE profiles under OGTT in PCOS with familial diabetes according to hyper or normoinsulinemic response and baseline plasma insulin < or > 12 pU/
ml. Panel A: hyperinsulinemic PCOS patients with baseline insulin plasma levels > 12 pU/ml showed a higher HIE profile starting from time -15 and 0. (** p<
0.02; *** p< 0.002). Panel B: normoinsulinemic PCOS did not show any significant difference in HIE profile when considering baseline insulin plasma levels.
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Table 7 Hormonal and metabolic characteristics of PCOS patients with no familial diabetes with or without hyperinsulinemic response to OGTT
subdivided according to the presence of baseline insulin level > 12 pU/ml or < 12 pU/ml.

NO LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
DIABETES ml ml ml ng/ml | mg/dl | plU/mi | mg/di
HYPER-
INSULI-
NEMIC
INSULIN >
12 pU/ML
(N=5)

Mean 10.0 | 53 19 47 | 557 | 06 | 21.8 [ 4350 | 1.2 94.2 15.0 | 167.2 | 426 |107.2 | 976 | 192 | 206 | 36 | 182 | 31.1

SEM 15 0.3 0.3 152 | 0.1 51 | 1503 | 0.3 4.1 3.1 169 | 40 | 176 | 203 | 1.8 26 0.9 3.1 29

p level
vs< 12 0.03 0.02
pU/ml

NO LH FSH | LH/ | TSH E2 P PRL A 17- GLU- | INSU- | COL | HDL | LDL TG AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUl/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/mi
DIABETES ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
HYPER-
INSULI-
NEMIC
INSULIN <
12 pU/ML
(N=13)

Mean 127 | 59 2.1 20 | 490 | 06 | 19.2 [ 3041 | 14 85.3 1.1 | 1721 ] 56.3 | 102.2 | 965 | 21.5 | 21.2 18 20.7 | 28.9

SEM 2.2 0.4 0.3 0.3 4.3 0.2 25 | 389 | 03 2.5 2.2 9.4 4.8 79 | 139 | 22 3.9 0.2 4.8 2.3

NO LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL | TG | AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUI/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L U/L | INDEX | ng/ml
DIABETES | ml ml ml ng/ml | mg/dl | plU/ml | mg/dl
NORMO-
INSULI-
NEMIC
INSULIN >
12 pu/ML
(N=0)

Mean - - -- -- - -- -- -- -- - -- - -- -- -- - - - - --

SEM

NO LH FSH | LH/ | TSH E2 P PRL A 17- | GLU- | INSU- | COL | HDL | LDL | TG | AST | ALT | HOMA | VITD | BMI
FAMILIAL | mUI/ | mUl/ | FSH | plU/ | pg/ml | ng/ml | ng/ml | ng/ml | OHP | COSE LIN TOT | mg/dl | mg/dl | mg/dl | U/L | U/L | INDEX | ng/ml
DIABETES | ml ml ml ng/ml | mg/dl | plu/ml | mg/dl
NORMO-
INSULI-
NEMIC
INSULIN <
12 pU/ML
(N=4)

Mean 7.1 6.1 1.1 16 | 493 | 16 129 | 1950 | 0.4 87.0 72 | 2153 | 855 | 110.8 | 96.3 | 15.0 | 13.0 12 18.7 | 31.6

SEM 25 13 0.2 04 | 106 | 1.4 42 | 49.6 | 0.05 5.5 2.0 33.0 | 2565 | 379 | 271 23 2.1 0.4 7.5 4.2
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Figure 6 HIE profiles under OGTT in PCOS patients without familial diabetes according to hyper or normoinsulinemic response and with baseline
plasma insulin < or > 12 pyU/ml. Panel A: hyperinsulinemic PCOS showed a profile significantly different from hyperinsulinemic PCOS at time 60
minutes (*** p< 0.007). Hyperinsulinemic PCOS showed also a significant decrease of HIE (p<0.01) from time 30 to 60 minutes after glucose load
Panel B: no normoinsulinemic PCOS showed baseline plasma insulin > 12 pyU/ml.
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ALT and HOMA index values, although their BMI was similar
to that seen in the normoinsulinemic patients. This observation
is fundamental since it allows us to see that insulin response to
glucose load, when it reaches high levels, is an essential index
for suspecting impairment both of metabolism and of reproduc-
tive function. On the basis of this observation, obesity does not
seem to be the only clinical index pointing to the presence of
impaired metabolism in PCOS patients. This link between in-
sulin and reproduction has recently been demonstrated in oli-
gomenorrheic PCOS patients, who showed higher plasma LH
and kisspeptin levels and temporally uncoupled LH and kiss-
peptin pulsatile secretion due to the negative modulation of in-
sulin on KNDy neurons 21, Our present observation confirms
these data and shows that higher baseline insulin in the fasting
condition and/or in response to OGTT corresponds to a higher
presence of profiles of impaired reproduction and metabolism.

When PCOS patients were evaluated considering the pres-
ence of an insulin response to the OGTT above the cutoff of 50
pU/ml " and at the same time according to the presence or
absence of familial predisposition to diabetes, all subjects with
familial diabetes again showed higher plasma AST and ALT
levels. In addition, the concomitance of familial diabetes with
high insulin response to the OGTT and baseline levels of insulin
> 12 uU/ml is coupled with plasma ALT and AST levels at the
upper limit of normality.

These observations are in agreement with a previous report
that demonstrated that liver impairment and steatosis risk are as-
sociated with muscle and adipose tissue IR ®!. Our data showed
an additional fact: we found that AST and ALT levels were high
only in PCOS patients with familial diabetes, which supports
the concept that familial diabetes, at a higher grade, predisposes
to impaired (albeit still within normal limits) hepatocyte func-
tion. This idea is further strengthened by the fact that the PCOS
patients without familial diabetes did not show this elevation of
insulin response to OGTT, even though some showed responses
above the cutoff of 50 pU/ml, independently of baseline insulin
levels (< or > 12 pU/ml).

Practically speaking, our data show that PCOS patients with
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familial diabetes have non-optimal liver function, as indicated
by higher AST and ALT levels, and that this is frequently asso-
ciated with high baseline insulin levels and an insulin response
to OGTT higher than 50 uU/ml. All these aspects are recognized
as predisposing factors not only to MS 1 but also to NAFLD and
liver steatosis ®'. In fact, NAFLD is very frequent in PCOS
patients, and the combination of PCOS with obesity and IR is a
dangerous cocktail that, over time, triggers not only NALFD but
also the occurrence of type II diabetes, to which almost 60% of
our PCOS patients had a familial predisposition ?>%3.

To better understand liver function and its relationship with
IR we also evaluated the HIE index "%\ This index reflects the
dynamics of both insulin and C-peptide secretion and metabolic
clearance.

Insulin is secreted by pancreatic cells of Langerhans islets
and after proinsulin is synthesized and located in the beta-gran-
ules in the Golgi apparatus ¥, the C-peptide is cleaved and
disulphide bonds, bind the A-chain and B-chain together thus
structuring insulin. While hepatic extraction of C-peptide, un-
like that of insulin, is negligible and reflects the -cell secretory
capacity **-%%1, the majority of insulin is cleared by the liver .
It is evident that although the production ratio between insulin
and C-peptide is theoretically 1, the ratio computed between
plasma insulin and C-peptide concentrations greatly reflects
the clearance kinetics of both peptides, and represents an index
between circulating insulin and its release from the pancreatic
cells, this last represented by C peptide.

This ratio cannot be equal to 1 both in physiological and
pathophysiological conditions. In fact, catheterization of the
hepatic artery that enters the liver showed that the amounts of
C-peptide and insulin were qualitatively similar, but after the
hepatic filter this ratio decreases ['?. To better understand the
role of liver extraction of insulin, it is necessary to describe
how, physiologically, the pancreas responds to glucose load 7.
Usually, in fasting condition, there is basal insulin secretion. As
soon as P-cells are exposed to the increase in glucose there is a
rapid release of insulin. This first-phase secretion occurs with-
in 5-10 min of this exposure and it is followed by a decline
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in insulin secretion within 15-30 minutes, as shown by a rapid
decrease in plasma insulin levels ). After this acute response
there is a second phase of insulin secretion, during which the
secretion rises more gradually and slowly than in the first phase
and is directly related to the duration of the glycemic stimu-
lus ?- 281, Recent studies report that (3-cells contain two distinct
pools of insulin granules: a small labile pool (2% of the insulin
produced) for the immediate release (first-phase) and a larger
(98%) stable pool that is released slowly (second-phase) 182,

When blood is sampled directly from the portal vein, the
biphasic insulin response is well defined *”’, but when only pe-
ripheral sampling is available, the biphasic insulin response is
delayed and partly dampened due to the passage through the liv-
er and distribution in the peripheral blood *”). In normal subjects
the shape of the insulin response to the glucose load (OGTT)
shows this bimodal response, with a quick increase followed
by a reduction and a subsequent increase, corresponding to the
second phase. The repeated blood sampling during the OGTT
is crucial to highlight this bimodal response, and the more fre-
quent the sampling is, the better it is able to show this phenom-
enon. With a standard OGTT, the two phases can be seen at
around 30-60 minutes from the glucose ingestion. The drop
in the first-phase plasma insulin concentrations represents the
combined effect of the end of the rapid insulin secretion (first
phase) and the insulin clearance and degradation performed
by the liver. This decline is immediately followed by the sec-
ond-phase rise .

On this basis, the HIE index computed as the ratio between
plasma insulin and C-peptide concentrations is able to show
how insulin dynamics depend on liver function, since C-pep-
tide levels reflect the secretory capacity of the B-cells !, given
that hepatic extraction of C-peptide, unlike that of insulin, is
negligible . In fact, C-peptide secretion did not differ between
PCOS and control subjects, thus suggesting that peripheral hy-
perinsulinemia in PCOS patients could be due to lowered in-
sulin extraction at the liver level ! rather than to IR in skeletal
muscles P, In fact, similarly to the hyperinsulinemia typical of
obese patients "%, this pattern changed in the hepatic vein also in
PCOS, reflecting the liver extraction of insulin '),

Our data support this evidence and demonstrate that this
situation is greatly related to familial diabetes since the PCOS
patients with a family history of diabetes did not show any HIE
decrease 30-60 minutes after OGTT. This observation suggests
that insulin clearance by the liver is somehow reduced, leaving
a higher amount of insulin uncleared and still circulating in the
blood, in addition to that dynamically secreted by the pancre-
atic islets exposed to glucose stimulation. In addition, our data
showed that this occurred especially in the familial diabetes
cases and it was increased in the presence of a hyperinsuline-
mic response to the OGTT and/or when baseline insulin levels
were > 12 pU/ml. In fact, the PCOS patients with no familial
diabetes showed an HIE profile that was consistently different
in shape from that of the patients with familial diabetes. In the
former, the first phase of the insulin response was clearly dis-
tinct from the second phase and not dampened by the reduced
hepatic clearance, as instead occurred in the presence of familial
diabetes.

It is of interest to note that only a few of the PCOS patients
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without familial diabetes showed a hyperinsulinemic response
to OGTT coupled with baseline plasma insulin levels above 12
pU/ml. In these patients, a dampened HIE curve was observed,
masking the two phases of insulin secretion. This allowed us
to infer that a certain degree of liver function impairment can
also occur in PCOS without familial diabetes, leading to re-
duced insulin clearance, even in presence of normal ALT and
AST levels. This observation suggests that both hyperinsulin-
ism and the dysmetabolic state due to obesity negatively impair
liver function.

Our data confirm the finding of Peiris et al.*" and support
the hypothesis that a specific differential liver ability in degrad-
ing insulin participates in the maintenance of IR and drives
the hyperinsulinemic condition in PCOS patients, particularly
in the presence of familial diabetes. Since these patients also
have plasma AST and ALT levels at the upper limits of normal-
ity, higher than those in patients without familial diabetes, our
data suggest that familial diabetes predisposes to impaired liver
function, as previously reported 811, Our data support the fact
that familial diabetes and overweight/obesity trigger impaired
synthesis/expression of the insulin degrading enzyme, as pre-
viously reported 2", This situation could be at the basis of the
reduced clearance of insulin, thus contributing to the hyperinsu-
linemic condition of PCOS.

In conclusion, our data suggest that the compensatory hy-
perinsulinemia in overweight/obese PCOS is due not only to
reduced peripheral insulin sensitivity, but also to reduced hepat-
ic insulin clearance as demonstrated by the dampened decrease
in insulin after the first-phase secretion, a finding disclosed by
HIE computation. Fasting plasma insulin levels above 12 pU/
ml are a significant index of IR, similarly to the hyperinsuline-
mic response to OGTT, especially in PCOS with familial dia-
betes. According to the findings of the present study, familial
diabetes is a serious predisposing factor that, together with other
pathophysiological conditions still induced by familial diabe-
tes (i.e., abnormal endogenous inositol and/or alpha lipoic acid
synthesis/expression) '8, creates the conditions for triggering/
maintaining IR.
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