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Abstract: Background: The pathogenic factors that account for the development of diabetes condition in Chinese
women with polycystic ovary syndrome (PCOS) remain elusive. Aim: To clarify the pathogenic features by evaluat-
ing the levels of insulin sensitivity and B cell function in these women with PCOS, either separately or by using of a
disposition indexes (Dls). Methods: Cross-sectional study involving 137 Chinese women with PCOS and 123 normal
women were examined by anthropometry, lipid profile, sex hormone, high-sensitivity C reactive protein, oral glucose
tolerance tests and insulin tolerance tests. Results: After controlling for BMI status, the Matsuda Index was signifi-
cantly lower in women with PCOS in comparison to those of normal women (p<0.000). The early phase of insulin
secretion (insulinogenic index) remained significantly lower in lean women with PCOS(LP) than those of both lean
and obese women of control group (p=0.007, and p = 0.01, respectively). The mean HOMA-F values were signifi-
cantly lower (p =0.045) in obese women with PCOS (OP) than those of BMI-matched women. Further, all DIs derived
from non-fasting state indexes in women with PCOS were significantly lower than those of BMI-matched control
women (p<0.001 for all). Lastly, DIs derived from fasting states indexes in OP were significantly lower than those of
LP. Conclusion: Early impaired [ cell function was detected in both LP and OP. However, more serious primary defect
in insulin action was detected in LP compared to OP. These findings imply that early screening and intervention for
PCOS would be therapeutic for Chinese women.
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Introduction

Polycystic ovary syndrome (PCOS) is known to
affect 6-10% of reproductive-aged women. It is
also a common cause for menstrual dysfunc-
tion, infertility, and hirsutism [1]. About 30% of
women with PCOS had impaired glucose toler-
ance (IGT) in China [2]. Approximately 20% of
women with PCOS were observed, by OGTT
screening, to have IGT in USA [3]. Taken togeth-
er these findings suggest that this subgroup of
patients is at risk in developing type 2
diabetes.

Insulin resistance (IR) and hyperinsulinemia
play a significant role in the predisposition to
diabetes in PCOS [4]. A substantial portion of IR
women with PCOS develop IGT or diabetes.

However, the precise mechanism responsible
for the IR intrinsic to the syndrome remains
unclear. Some investigators showed not only IR
but also a primary defect in beta cell function
(BF) in women in the early stage of PCOS [5-7].
Others were concerned about the increased
insulin response to compensate a peripheral
defect in insulin action [8, 9] or inactivated
acute insulin secretion [10]. Although the risk
factors in type 2 diabetes are similar among
ethnically diverse populations, the ethnic differ-
ences in insulin sensitivity (IS) and BF do exist
among groups at high risk for type 2 diabetes
[11]. A recent study showed that diabetes and
prediabetes are highly prevalent in the general
population among Chinese adults [12]. Evidence
also showed that the Chinese obese women
with lack of compensatory increase in BF, are at
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higher risk for type 2 diabetes than the non-
Hispanic whites [13]. The findings of Dunaif et
al [14] suggested that the impaired insulin
activity in women with PCOS might differ from
that seen in type 2 diabetes or in obese women
without the classical features of PCOS.
Therefore, an important question was raised
whether other pathogenic factors could account
for the development of IGT or diabetes in
Chinese women with PCOS. We hypothesized
that the lean women with PCOS were affiliated
with the more serious primary defect in insulin
activity in comparison to the obese women with
PCOS. We further speculated that this defect
could be detected or prevented early on in eth-
nic-specific type 2 diabetes in Chinese women
with PCOS.

With regard to the methods in determining the
IS in humans, the hyperinsulinemic euglycemic
“glucose clamp” is the most reliable one which
directly measures the whole body glucose dis-
posal. On the other hand, “glucose clamp” is
also known to be labor intensive, technically
demanding, as well as time consuming, making
it less ideal for use in a large epidemiological
and clinical studies. Alternatively a number of
simple surrogate indices of insulin sensitivity/
resistance derived from OGTT or fasting blood
insulin and glucose concentration have been
developed [15]. In this study we evaluated IS
and BF in Chinese women both with and with-
out PCOS by using the surrogate indices derived
from OGTT and estimated the women with
PCOS in terms of IS and/or BF either separately
or with the tool of disposition indexes (Dls).

Materials and methods

A total of 260 patients were included in this
study. They were recruited from the Outpatient
Department of Endocrinology and Gynecology
of Shanghai Renji Hospital between 2007 and
2009. Of these patients, 137 women were with
PCOS, 59 lean [lean PCOS (LP)] [body mass
index (BMI) <25kg/m?], and 78 obese PCOS
(OP) [BMI >25kg/m?]. The control group com-
posed of 123 volunteers, between 16 and 35
years of age, who were age- and weight-
matched. Of this group 91 were lean (LC) [ BMI
<25kg/m?], and 32 obese(0C) [ BMI >25kg/m?
1.

The PCOS diagnosis was based on the
Rotterdam Criteria (2003) and obesity was
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defined as those with a BMI of >25kg/m?
according to the 2000 WHO-WPR criteria [16].
All PCOS women enrolled in this study were
without a family history of type 2 diabetes. IGT
was diagnosed in four patients according to the
World health organization criteria. All control
women were without family history of PCOS and
type 2 diabetes and had regular menstrual
cycles (<35 days) and normal androgen levels.
In addition, women had normal thyroid function
and prolactin levels. Any late-onset nonclassic
congenital hyperplasia would be excluded if a
basal 17-o hydroxyprogesterone less than 300
ng/dl was detected [17]. Women with other
known chronic diseases, or on oral contracep-
tives or other drugs known to alter glucose and
insulin metabolism within the last 3 months
were also excluded from the study. All women
were evaluated by transvaginal ultrasonogra-
phy to define ovarian morphology [18].Control
subjects were screened for medical history,
physical examination, laboratory evaluation
and transvaginal ultrasound.

All study evaluations and procedures were con-
ducted in accordance with the guidelines of
Helsinki Declaration on human experimenta-
tion. The study was approved by the ethics
committee of Shanghai Renji hospital and all
subjects provided written informed consent.

Anthropometric measurements

The height and weight of each subject wearing
light clothing were measured to the nearest
0.1cm and 0.1kg, respectively, using a digital
scale and stadiometer. BMI was calculated as
body weight (kg) divided by height (m) squared.
Waist circumference (WC) and hip circumfer-
ence (HC) were measured by a single individual.
WC was determined by measuring the circum-
ference at the narrowest point between the
lower border of the rib cage and the iliac crest.
HC was determined by measuring the circum-
ference at the level of the symphysis pubis and
the greatest gluteal protuberance. The waist-
to-hip ratio (WHR) was then calculated by divid-
ing the WC by the HC.

Oral glucose tolerance test

All women underwent a standard OGTT with 75
g of glucose. The measurement for women with
PCOS was at original diagnosis of PCOS before
they use any therapy for PCOS. After 08:00h
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overnight fasting, blood samples were drawn
for the determination of glucose and insulin
before the glucose load, and they were then
drawn again at 30, 60, 120, and 180 min
(marked as Gx, and Ix, where G is glucose and |
is insulin). All participants showed a fasting
plasma glucose <7.0 mmol/L.

Laboratory analysis

All laboratory evaluations were performed at
08:00h after an overnight fast during the early
follicular phase (days 2-5) of a spontaneous
menstrual cycle, except in subjects with amen-
orrhoea >3 months who were examined ran-
domly. Analysis of high-sensitivity C-reactive
protein (hsCRP) was performed using immu-
nonephelometric methods and a BN-Il analyzer
(Dade Behring, Deerfield, Germany). The inter-
and intra-assay coefficients of variation were
4.9% and 6.8%,respectively.Competitive elec-
trochemiluminescence immunoassays on the
Elecsys autoanalyzer 2010 (Roche Diagnostics,
Indianapolis,IN) were used to quantify serum
total testosterone, LH and FSH. SHBG levels
were measured by chemiluminescent immuno-
assay (Elecsys autoanalyzer 2010, Roche
Diagnostics) validated for plasma SHBG [19].
The coefficient of variation for SHBG using this
methodology was 6%. Free testosterone values
were calculated based on total testosterone
and SHBG levels according to the method out-
lined by Vermeulen et al [20] assuming an albu-
min concentration of 4g/dl (http://www.issam.
ch/freetesto.htm). Plasma glucose was deter-
mined using the glucose oxidase methodology.
Insulin levels were measured by radioimmuno-
assay (RIA). The intra-assay CV of insulin and
steroid hormone assays were 5.5% and <10%,
respectively.

Calculations

1) Insulin resistance was calculated by the
homeostasis model assessment.

Insulin resistance index (HOMA-IR): fasting
insulin  (mU/ml) xfasting plasma glucose
(mmol/I)/22.5 [21]. FIRI: fasting insulin (mU/ml)
xfasting plasma glucose (mmol/l)/25 [22];
Suma | was calculated by the sum of fasting
insulin, 60min insulin and 120 insulin (mU/ml)
[23].

2) The whole body insulin sensitive was calcu-
lated by Matsuda index. Matsuda index =10
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000/square root of [(fasting glucose x fasting
insulin) x (mean glucose x mean insulin during
OGTT)] [24]. FGIR: fasting plasma glucose (mg/
dl) / fasting insulin (mU/ml).

3) Islet beta cell function was evaluated by
homeostasis model assessment Bcell function
(HOMA-F): 20xfasting insulin (mU/ml)/(fasting
plasma glucose (mmol/1)-3.5) [21] and
Insulinogenic index( Al, /AG,, )(mIU/mmol): (I,
1,)/(G,,-G,), which can reflect the early-phase
insulin secretion [24].

4) The glucose and insulin response to glucose
were also assessed by calculating the area
under the curve during OGTT performance for
glucose (AUCqu) and insulin (AUC,_), using the
trapezoidal rule [25].

5) The Deposition index (DI) was calculated to
estimate the B-cell response relative to the pre-
vailing insulin sensitivity [26], ie: DI=Al, /AG,,
(mIU/mmol)/HOMA-IR: (I, -1,)/(G,,-G,)/ HOMA-I-
R.

Statistical analysis

All statistical analyses were performed using
SPSS version 17.0 (Statistical Package for the
Social Sciences, USA). Distributions of continu-
ous variables were tested for normality by use
of the Kolmogorov-Smirnov test. Part of results
not normally distributed, based on the normal
quartile plot, was log-transformed for all statis-
tical analyses and reported back-transformed
in their original units. All results were reported
as means, or geometric means for log-trans-
formed variables, with 95% Cls. P-values <0.05
were considered significant.

For continuous variables, subgroup means
were compared with one-way analysis of vari-
ance (ANOVA) testing considering four sub-
groups of women: lean control, obese control,
lean PCOS and obese PCOS. Tukey’s honestly
significantly difference (HSD) test was per-
formed. Levene statistic was used for test
homogeneity of variance. For nonhomogeneous
data, we used the robust Kruskal-Wallis test
followed by Mann-Whitney U tests.

The relationships between insulin sensitivity
and insulin secretion and hormonal and meta-
bolic variables were evaluated by Spearman’s
correlation tests. A forward, stepwise, multiple
linear regression analyses were performed.
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Table 1. Clinical and biochemical variables in women with PCOS and normal control women according

to BMI staus

Variable Lean control Obese control Lean PCOS Obese PCOS P-value
n 91 32 59 78 N/A
Age (yrs) 27.3(26.2-28.3) 27.8 (27.1-28.3) 25.4 (24.1-26.8) 26.6 (24.8-28.4) .067
BMI (kg/m2) 20.7 (20.3-21.4)*¢ 29.5 (28.2-30.7)>¢ 20.8 (20.3-21.4)> 29.8 (28.9-30.6)*¢ .0001
Waist circumference (cm) 71.4 (70.3-72.5)¢ 93.4 (89.5-97.2)¢ 72.9 (70.9-74.8)*¢ 93.7 (91.4-96.1)*¢ .0001
WHR 0.80 (0.79-0.81)* 0.90 (0.87-0.92)¢ 0.81 (0.79-0.83)%¢ 0.89 (0.88-0.91)"¢ .0001
Total cholesterol (mmol/L) 4.25 (4.06-4.45)° 4.66 (4.44-4.87)° 4.59 (4.31-4.87) 4.90 (4.68-5.11)" .0001
HDL cholesterol (mmol/L) 1.57 (1.49-1.65)° 1.40 (1.29-1.51)°¢ 1.52 (1.43-1.61)° 1.20 (1.15-1.25)04= .0001
LDL cholesterol (mmol/L) 2.35 (2.24-2.47)° 2.64 (2.41-2.86)° 2.62 (2.45-2.80) 3.06 (2.86-3.25)02 .0001
Triglycerides (mmol/L) 0.93 (0.80-1.06)°° 1.60 (1.30-1.91)° 1.23 (1.01-1.45) 1.55 (1.41-1.69)° .0001
LH (IU/L) 7.54 (6.20-8.88)" 7.69 (5.46-9.92) 12.70 (10.54-14.87)*¢ 9.92 (8.77-11.08) .0001
LH/FSH 0.99 (0.86-1.11)>¢ 0.94 (0.71-1.16)>¢ 1.57 (1.33-1.81)% 1.37 (1.21-1.53)7 .0001
Total testosterone (nmol/L) 1.80 (1.66-1.93)"¢ 1.64 (1.35-1.93)b¢ 2.72(2.73-3.05)*¢ 2.63 (2.38-2.88)*¢ .0001

SHBG (nmol/L)
Free testosterone” (pmol/L)  19.32 (17.81-20.83)>¢
hsCRP (mg/L) 1.08 (0.93-1.23)#b¢

73.81 (71.65-75.96)%>¢  37.73 (32.73-42.74)°4> 44.58 (41.10-48.05)°%¢ 28.41 (25.88-30.93)**¢  .0001
28.55 (23.69-33.42)>°  44.95 (37.83-52.06)**¢  55.94 (49.88-61.99)*>¢ 0001
3.37 (2.69-4.04)°¢

2.80 (2.24-3.36)°¢ 4.56 (3.94-5.18)%09 .0001

Data are means (95% Cl) unless noted. “Geometric means. BMI - body mass index, HDL - high density lipoprotein, hsCRP - high sensitive chronic reactive protein, HOMA-IR-

homeostasis model assessment - insulin resistance index, SHBG- Sex hormone-binding globulin; P-value for ANOVA for difference between groups. a - <0.05 compared to

obese control, b - <0.05 compared with lean PCOS, ¢ - <0.05 compared with obese PCOS, d - <0.05 compared to lean control. To convert cholesterol to mg/dL, divide by
0.02586; to convert triglycerides to mg/dL, divide by 0.01129; to covert glucose to mg/dL; divide by 0.05551; to convert total testosterone to ng/ml, divide by 3.467; to

convert free testosterone to pg/ml, divide by 3.467.

Results

Clinical and biochemical patterns of target
subjects

The clinical characteristics and biochemical
variables for the four groups of women accord-
ing to PCOS and BMI status are summarized in
Table 1. As expected, there were no significant
differences in BMI in LC compared with the LP
group or in OC compared with the OP group.
Furthermore, no significant differences in WC
or WHR between control and PCOS women
according to BMI status were found. Regarding
mean total and free testosterone values were
also significantly different between groups
(P<0.000 for both). Total testosterone values
where highest in the LP and lowest in the OC.
Free testosterone values were significantly
higher in the OP group compared with the other
three groups. Inversely, SHBG levels where
highest in the LC group and lowest in the OP
group. Furthermore, mean LH values and LH/
FSH ratio were also significantly higher in PCOS
group than control group. With respect to lipid
profile, a significantly higher LDL cholesterol
(P=0.018) and lower HDL (P=0.015) cholester-
ol were found in OP than OC group. Furthermore,
mean hsCRP values were significantly higher
(P<0.000) in the obese groups (OC and OP)
compared with the lean groups (LC and LP).
HsCRP values were significantly higher in the
PCOS group compared with BMI-matched con-
trol groups (P<0.0001 for both). However, sig-
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nificant differences in hsCRP values between
OC and LP women were not observed.

OGTT, insulin secretion, and Insulin sensitivity
of target subjects

As shown in Figure 1 and Table 2, mean glu-
cose values at 30min (P<0.000), 120 min
(P=0.001) and 3h (P=0.027) were significantly
higher in LP than in LC group during the OGTT
(Figure 1A). Meanwhile, mean insulin values at
five points were significantly higher in LP than in
LC group (Figure 1C). There were significant dif-
ference between LP and LC groups concerning
AUC gluc(P=O.O3) and AUC, (P<0.000). However,
mean fasting glucose (P=.001) and mean glu-
cose values at 30min, 60min and 120min
(P<.000 for all) were significantly higher in OP
than in OC group (Figure 1B). Mean insulin val-
ues at 30min (P<.000), 60min (P=.002),
120min (P<.000) and 180 min (P=.001) but not
fasting (P=0.244) , were significantly higher in
OP than in OC group (Figure 1D). There were
significant difference between OP and OC
groups concerning AUC, and AUC__(P<0.000
for both).

gluc

Regarding the indexes of IR, HOMA-IR was high-
er in PCOS women than those of BMI matched
control subjects (P<0.001). Significant different
also were found in other IR indexes (Suma |
(P=.000) and FIRI (P<.05)) between LC and LP
group. However, significant different was found
in Sumal (P=0.000) between OC and OP group.
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Figure 1. Glucose and insulin concentrations (mean *+ SE) during oral tolerance test (OGTT) in the subjects of the
study (polycystic ovarian syndrome, ¢; controls, A). “"P< 0.01,"P< 0.05; P-value for ANOVA for difference compared
with BMI-matched control. LC- lean control women (n=91); LP - lean PCOS women (n=59), OC - obese control women

(n=32); OP - obese PCOS women (n=78).

Astotheindexes of IS, Matsuda index (P<0.000)
was significantly lower in PCOS women than
those of BMI matched subjects.

With respect to insulin secretion, there was sig-
nificant difference in early phase insulin secre-
tion detected by insulinogenic index (P=0.009)
between LP and LC groups, the same trend
also was found between LP and OC groups (P=
.013), but no significant difference was found
between OP subjects and OC or LC subjects
(P=0.028).Meanwhile, there was significant dif-
ference between OP and OC (P=.045) or LC
(P=.000) groups concerning BF estimated by
HOMA-F. However, there was no significant dif-
ference in HOMA-F between LC and LP groups
(P>0.05).
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Dis derived from fasting and stimulated state
parameters of target subjects

As shown in Table 3, the DIs were calculated to
estimate the B-cell response relative to the pre-
vailing insulin sensitivity. All of the combina-
tions of products insulin secretion x IS used
followed a hyperbolic relationship. DI values
were calculated parameters of insulin secretion
(Al,/AG,, and HOMA-F ) combination parame-
ters of IS(1/HOMA-IR, Matsuda index, 1/1,,,, 1/
Sumal and so on). When combinations of Al /
AG,, and the stimulated state parameters of
insulin sensitivity (1/1,,,, 1/Sumal and Matsuda
index) which derived from OGTT were evaluat-
ed, significantly lower values of all DIs were
found in PCOS than those in BMI-matched con-
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Table 2. Differences in Insulin Resistance, Insulin sensitivity and beta cell function between PCOS and
normal control women according to BMI status

Index Lean control (n=91) Obese control (n=32) Lean PCOS (n=59) Obese PCOS(n=78) P-value
Al /AG, ! 24.61 (21.68-27.55)° 27.86 (21.36-34.36)" 20.83 (15.79-25.88)%°¢ 28.21 (23.46-32.97) 014
HOMA-F* 117.54 (90.53-144.54)°  262.54 (199.76-325.32)°  183.74 (149.22-218.25)  213.39 (180.45-246.32)*¢  .000
HOMA-IR* 1.38 (1.24-1.52)b¢ 3.27 (2.56-3.98)%¢ 2.36 (1.91-2.81)¢¢ 4.5 (3.79-5.22)024 .0001
FIRI" 1.24 (1.12-1.37)2b¢ 2.94 (2.30-3.58)¢ 2.56 (1.61-3.52)%° 4.05 (3.41-4.70)>2¢ .000
Suma I 102.57 (96.05-109.09)*¢  175.08 (144.29-205.86)°¢ 188.93 (155.33-212.53)% 265.29 (236.57-294.02)>>¢ 000
Matsuda Index’  151.81 (141.4-162.22)*>¢  86.22 (65.67-106.78)*  95.53 (81.89-109.17)%° 50.59 (44.94-56.24)>02 .000

Data are means (95% Cl) unless noted. “Geometric means. P-value for ANOVA for difference between groups. # - Due to non-homogeneity variance, Kruskal-Wallis test
followed by Mann-Whitney U test was used instead of ANOVA. a - <0.05 compared to obese control, b - <0.05 compared with lean PCOS, ¢ - <0.05 compared with obese
PCOS, d - <0.05 compared to lean control.BMI - body mass index; Al,,/AG, -insulinogenic index; HOMA-F - homeostasis model assessment B cell function; HOMA-IR - ho-

meostasis model assessment insulin resistance index; FIRI - fasting insulin x fasting glucose /25; Suma | - sums of insulin (Omin, 60min and 120min).

Table 3. Differences in DI between PCOS and normal control women according to BMI status

Insulin Control PCOS Pval
Secretion Sensitivity Lean (n=91) Obese(n=32) Lean (n=59) Obese (n=78) value
Al /AG,, x 1/HOMA-IR 19.71 (17.07-22.34)*»¢  10.18 (8.01-12.36)" 12.42 (8.12-16.71)¢ 9.8 (7.21-12.39)" .000
Al,/AG,, * Matsuda 3099.47 (2680.89- 2897.93 (239.21- 1851.16 (1236.38- 1443.32 (1094.23- .000

3518.06)° 3476.64) 2465.95) 1792.4)4
Al /AG, * 1/Sumall 0.22 (0.20-0.25)%¢ 0.22 (0.18-0.27)¢ 0.14 (0.09-0.19)> 0.12 (0.09-0.14)¢ .000
Al /AG,, x 1/1120 0.74 (0.61-0.86)>° 0.62 (0.44-0.56)>° 0.34 (0.23-0.44) 0.30 (0.23-0.36)¢ .000
HOMA-F x 1/HOMA-IR* 104.44 (81-127.89)° 74.74 (53.75-95.73)  93.24 (69.61-116.88)°  57.73 (49.83-65.63)"¢ .003
HOMA-F x 1/10* 20.45 (16.72-24.19)°  15.64 (12.25-19.04) 18.66 (14.89-22.42)° 12.75 (11.40-14.10) >¢ .002
HOMA-F x 1/FIRI* 116.09 (90.02-142.15)°  83.05 (59.68-106.43)  100.58 (74.35-126.81)°  64.13 (55.36-72.89)"¢ .004

Dis were calculated by the combinations of products Insulin secretion and insulin sensitivity. Data are DI means (95% Cl). “Log transformed prior to analysis. a - <0.05
compared to obese control, b - <0.05 compared with lean PCOS, ¢ - <0.05 compared with obese PCOS, d - <0.05 compared to lean control. HOMA-F - homeostasis model

assessment - B cell function, AI/AGaO-O - insulinogenic index, HOMA-IR - homeostasis model assessment -insulin resistance index, FIRI- fasting insulin xfasting glucose /25,

Suma | -sums of insulin (Omin, 60min and 120min), 10- fasting Insulin, 11220- Insulin at 120min.

trol subjects (all P<0.05). However, when com-
binations of HOMA-F and the fasting state
parameters of insulin secretion (1/HOMA-IR, 1/
l,and 1/FIRI) were evaluated, only significantly
lower values of DI were found in OP than in LC
or LP subjects (all P<.01), with no significant dif-
ference between LP and LC groups (all P>0.05).
When combinations of Al, /AG, and 1/HOMA-
IR, significantly lower values of DI was found in
LP than those in LC subjects (P=.004), but with
no significant difference between OP and OC
subjects (P=0.999).

Correlation between metabolic parameters
and Matsuda index and DI

As shown in Table 4, both Dl and Matsuda index
had inverse linear relationships with BMI, WC,
WHR, free testosterone, triglycerides, total and
LDL cholesterol levels (P<0.001 for all) accord-
ing to all women (n=260). Furthermore, strong
positive linear correlation were observed
between SHBG levels and both DI and Matsuda
index (P<0.001 for both). Strong positive linear
correlation was observed between Matsuda
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index and HDL (P<0.001).However, no correla-
tion was observed between DI and HDL
(P=0.09). Finally, Significant inverse linear rela-
tionships were also demonstrated between DI
and hsCRP and LH/FSH (P<.001 for all), and
significant inverse linear relationship was
observed between Matsuda index and hsCRP
(P<0.001).

Determinants of DI (insulinogenic index x 1/
HOMA-IR)

Using forward, stepwise, linear regression anal-
ysis, with DIl as the dependent variable and age,
free testosterone, hsCRP, PCOS status and BMI
as potential independent variables. Considering
these variables, only BMI and PCOS status
were selected as an independent variable for
the final model predicting DI. In the final model
for HOMA-IR, the adjusted R2 was 0.091 (P
=0.008), and the regression coefficients (p)
were -0.021 (P=0.000) for BMI and 0.167
(P=0.008) for PCOS status. Thus, BMI and
PCOS status were all independent predictors of
Dl as calculated by Al, /AG,, x1/HOMA-IR.
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Table 4. Correlation between metabolic parameters and Matsuda index and DI in normal control and

PCOS women
) Matsuda index” Dl(insulinogenic indexx1/HOMA-IR)"

Variable ) :

Correlation P-value Correlation P-value
BMI -0.598 .0001 -0.244 .0001
WC -0.414 .0001 -0.236 .0001
WHR -0.203 .0001 -0.203 .0001
SHBG* 0.502 .0001 0.424 .0001
Free testosterone” -0.429 .001 -0.28 .0001
LH/FSH -0.12 .053 -0.151 .0001
Total cholesterol -0.13 .0001 -0.213 .001
HDL cholesterol 0.422 .0001 0.106 .096
LDL cholesterol -0.244 .001 -0.25 .001
Triglycerides” -0.28 .001 -0.298 .0001
hsCRP* -0.414 .0001 -0.308 .0001

“Log transformed prior to analysis. DI- disposition index, BMI -

body mass index, WC- Waist circumference, WHR

- waist-to-hip ratio, HDL - high density lipoprotein, LDL - low density lipoprotein, HOMA-IR - homeostasis model
assessment - insulin resistance index, hsCRP-high sensitive chronic reactive protein; SHBG - sex hormone binding

globulin.

Discussion

The main finding of this study is the demonstra-
tion that impaired BF, as estimated by DI, was
an important feature found in women with
PCOS. This primary defect in insulin secretion,
as estimated by insulinogenic index in lean
women with PCOS, is perhaps a more impor-
tant indicator than those of obese women with
PCOS in China. In addition, the decreased DI
was related to increased hsCRP and free tes-
tosterone in both normal and PCOS women, but
independent of both the overall and visceral
adiposity. Lastly, our data suggested that insu-
lin resistance in PCOS women is at least par-
tially intrinsic to the syndrome.

Findings from previous studies on BF based on
IR or insulin secretion in women with PCOS
were wide spread and conflicting. The issue on
whether impaired BF posed as a primary defect
in women with PCOS was also unsettled. Based
on the differences in insulin sensitivity, we now
have a better understanding on how the B cells
regulate in terms of insulin activation, consis-
tent with a classic feedback loop. The DI has
emerged as an important integrated measure
of B cell compensation by evaluating insulin
secretion in the context of prevailing IS in vivo.
Furthermore, the product of IS and BF almost
all follows a hyperbolic function in NGT or IGT
state [27, 28]. Recent clinical reports suggest

783

that DI, as calculated by the product of Al, /
AG,, and 1/1 was a better predictor for diabe-
tes than eitherAl, /AG,  or 1/fasting insulin
alone in subjects with NGT or IFG/IGT [28].
Therefore, we speculated that subtle changes
in either of these two inherently connected vari-
ables (IR and insulin secretion) would be more
pronounced and informative when using a DI as
their product.

In this study we demonstrated that all DI val-
ues, derived from the stimulated state during
OGTT, were significantly lower in PCOS than
those in both BMI matched control subjects.
These findings suggest that the defect in beta
cell compensation for ambient IR, particularly
in the stimulated state, had already existed in
both lean and obese PCOS subjects. It should
be noted that this defect is independent of both
overall and visceral adiposity. On the other
hand, all DI values in the fasting state were
found to be significantly lower in OP than those
in LC or LP. It should be pointed out that no sig-
nificant difference in DI values was found
between LP and LC. One possible explanation
is the fact that, if we only detected DI derived
from the fasting state, we may have omitted
the defect of BF in LP. In general our results are
in agreement with the work of Ehrmann [6]. In
addition, O’Meara and coworkers reported that
women with functional ovarian hyperandrogen-
ism have significantly higher basal insulin
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secretory rates and attenuated secretory
responses to meals and suggested that these
secretory patterns resemble those of noninsu-
lin-dependent diabetes mellitus more than they
do those of simple obesity [29].

In terms of combinations of early stage insulin
secretion and1/HOMA-IR, significant lower val-
ues of DI were found in LP than those in LC.
Mean insulinogenic index values, a stimulated
insulin secretion evaluation derived from
OGTTs, was also significantly lower in LP than
those of LC and OC. These findings clearly indi-
cate that the impairment of insulin secretion in
the early stage of disturbed glucose metabo-
lism in PCOS women operated differently from
women without PCOS in China. It may also sug-
gest that the primary defect of beta-cell func-
tion is the primary pathological mechanism in
LC. Further, this defect was not caused by obe-
sity or fat distribution, but rather attributed to
PCOS itself. These findings are in part in line
with the evidence in literature, showing the
early phase of defective insulin secretion and
delayed hyperinsulinemia in women with PCOS
[5, 6]. In contrast, Holte and coworkers report-
ed that the early insulin response to glucose
was increased in women with PCOS, not
accounted for by insulin resistance, closely
associated to the increased androgenicity, and
present also at low-normal BMI [8].

While there are ample evidence with regard to
insulin resistance in patients with PCOS, data
on the BF/insulin secretion are rather limited.
Adding to the confusion were the conflicting
reports on the change of insulin secretion in
patients with PCOS from different laboratories,
with results ranging from decreased insulin
secretion in PCOS [6], to increased insulin
secretion in PCOS [9]. Findings from our study
seemed not to support the data from two labo-
ratories [8, 9]. The discrepancies may come
from a number of possibilities. For instance,
the insulin secretion was assessed at different
stages (basal vs. post-absorptive) [29]. In addi-
tion, few studies made attempts to quantify the
insulin secretion with the prevailing levels of IR,
which might be another factor in compounding
the issue [30]. Even among studies which
reportedly made the adjustments, conflicting
data prevailed with regard to insulin secretion
in PCOS from various laboratories [5, 8, 31].
Further, the different glucose metabolism state
in women with PCOS should be taken into con-
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sideration in some studies. In a separate study,
NGT adolescents with PCOS had increased
insulin secretion whereas those with IGT had
decreased insulin secretion [7]. Finally, it can-
not be ignored that PCOS women with diabetes
family history or a history of gestational diabe-
tes might be easy to find impaired 3F [32]. At
the same time in different stages of PCOS the
heterogeneity must be discerned.

In present study, our results also demonstrate
the level of hsCRP, a marker of low-grade chron-
ic inflammation and a potent predictor of car-
diovascular event, was significantly higher in
women with PCOS in comparison to those of
BMI-matched normal women. Interestingly, the
levels of DI as calculated by insulinogenic index
x1/HOMA-IR displayed a strong inverse linear
relationship with the level of hsCRP in PCOS
and control women. In the light of recent evi-
dence in korea women demonstrating that
there were close relationships between hsCRP
and 2h postprandial insulin level in the lean
patients with PCOS [33]. Furthermore, they
also showed hsCRP level correlated with other
metabolic risk, elevated serum hsCRP levels
may represent a plausible explanation for the
observed differences in DI between lean PCOS
and BMI-matched normal women. However,
given the cross-sectional design of our study,
causality cannot be established. Additionally, in
a forward stepwise, linear regression analysis
performed to determine predictors of DI in
PCOS and normal women, hsCRP was no longer
an independent predictor of DI after controlling
for PCOS status and BMI.

Furthermore, we found that decreased DI was
associated with increased free testosterone
and decreased SHBG in all women, and this
association was independent of both overall
adiposity and visceral adiposity. However, con-
sidering the forward stepwise, linear regression
analysis performed to determine predictors of
Dl in PCOS and normal women, free testoster-
one and SHBG were no longer an independent
predictor of DI.

Several limitations of our study should be con-
sidered. In present study, we based the diagno-
sis of PCOS on the Rotterdam diagnostic crite-
ria, and thus represent a more heterogenous
group of women. Hence, appropriately large
sample sizes will be needed. Although OGTT is
less precise than intravenous tests, may be
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increasing  variability of  DIx  values.
Nevertheless, OGTT is much more physiologi-
cal than intravenous one, particularly because
glucose sensors widespread through gastroin-
testinal tract may actively participate in insulin
secretion and action [34]. Additionally, this
study was performed in Asia, thus, we cannot
generalize the conclusions to other ethnic
populations.

In conclusion, we have demonstrated that
impaired BF estimated by DI as another charac-
teristic feature was found in lean and obese
PCOS in china. Decreased insulin secretion is
probably connected to the pathogenesis of
PCOS. Further investigation is necessary to
better understand the importance of insulin
secretion in PCOS. These findings imply that
early screening and intervention for PCOS
would be therapeutic for Chinese women.
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