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Serum Pigment Epithelium-Derived Factor Is Elevated
in Women with Polycystic Ovary Syndrome and
Correlates with Insulin Resistance

Shumin Yang, Qifu Li, Li Zhong, Ying Song, Bo Tian, Qingfeng Cheng,
Hua Qing, Wei Xia, Mei Luo, and Mei Mei

Department of Endocrinology, The First Affiliated Hospital of Chongging Medical University, Chongging
400016, China

Context: Serum pigment epithelium-derived factor (PEDF) is highly expressed in adipose tissue and
plays an important role in insulin resistance (IR). However, there are no data on serum PEDF levels
and their relationship with IR in polycystic ovary syndrome (PCOS) women.

Objective: To quantitate serum PEDF levels and examine their relationship with IR in women
with PCOS.

Participants and Design: Ninety-six PCOS women and 63 healthy age-matched controls were re-
cruited. Ninety-six PCOS women and 20 controls underwent hyperinsulinemic-euglycemic clamp
to assess their insulin sensitivity, which was expressed as M value. IR was also estimated by ho-
meostasis model assessment 2 (HOMA2-IR).

Setting: The study was performed at a clinical research center.

Results: PCOS women had lower M value and higher HOMAZ2-IR as compared with controls. Serum
PEDF levels were much higher in PCOS women than in controls (5.45 = 1.85 vs. 3.97 = 0.98ug/ml,
P < 0.01). Spearman correlation analysis showed that in PCOS women, PEDF positively correlated
with body mass index, waist circumference, HOMAZ2-IR, triglycerides, total cholesterol, low-density
lipoprotein cholesterol, and systolic blood pressure and negatively correlated with M value and
high-density lipoprotein cholesterol. Multiple linear regression analysis revealed that in PCOS
women, after adjustment for body mass index, systolic blood pressure, and serum lipids (triglyc-
erides, total cholesterol, low-density lipoprotein cholesterol, and high-density lipoprotein choles-
terol), PEDF was still associated with M value or HOMA2-IR.

Conclusions: The serum PEDF level is elevated in women with PCOS and is associated with IR. PEDF
may play a role in the pathogenesis of IR in PCOS. (J Clin Endocrinol Metab 96: 831-836, 2011)

olycystic ovary syndrome (PCOS) is one of the
P most common endocrinopathies in reproductive-age
women, and it affects 5-7% of this group (1). It is char-
acterized by disturbed menstrual cycle, ovulatory dysfunc-
tion, and hyperandrogenism (2-3). More than 40% of
PCOS women might develop impaired glucose tolerance
or type 2 diabetes mellitus (4-5). It has been confirmed
that insulin resistance (IR) is a common feature in PCOS,
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given that both lean and obese women with PCOS have
decreased insulin sensitivity when compared with body
mass index (BMI)-matched control subjects (6-9).

Itis now clear that adipocytes can secrete a large variety
of proteins, such as leptin, adiponectin, and resistin (10).
The production of adipokines that have been proposed to
play roles in the pathogenesis of obesity, type 2 diabetes
mellitus, and PCOS is of particular interest because these

Abbreviations: BMI, Body mass index; DBP, diastolic blood pressure; HDL-c, high-density
lipoprotein cholesterol; HOMA2-IR, homeostasis model assessment 2 of insulin resistance;
IR, insulin resistance; LDL-c, low-density lipoprotein cholesterol; PCOS, polycystic ovary
syndrome; PEDF, pigment epithelium-derived factor; SBP, systolic blood pressure; TC, total
cholesterol; TG, triglycerides; WC, waist circumference.
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adipokines have wide-ranging effects on carbohydrate
and lipid metabolism (11-12). Pigment epithelium-de-
rived factor (PEDF) is a recently discovered adipokine that
plays an important role in IR: Crowe et al. (13) found
serum PEDF level and adipocyte PEDF expression ele-
vated in genetically obese (ob/ob) and high-fat diet-in-
duced obese mice and reduced upon weight loss using ei-
ther caloric restriction or ciliary neurotrophic factor
administration; prolonged PEDF administration stimu-
lates adipose tissue lipolysis, which results in ectopic lipid
deposition and reduces insulin sensitivity, whereas neu-
tralizing PEDF with PEDF antibody for 5 d in obese mice
enhances insulin sensitivity. Clinical research has revealed
that the serum PEDF level is associated with risk factors of
metabolic syndrome and increased in proportion to the
accumulation of the number of components of metabolic
syndrome (14-15). Additionally, Nakamura et al. (16)
found that PEDF is an independent determinant of IR in
patients with essential hypertension.

However, there are no data on serum PEDF levels and
their relationship to IR in PCOS women. The aims of this
study were to compare serum PEDF levels between PCOS
women and control subjects and to investigate the asso-
ciation of the serum PEDF level with IR assessed by hy-
perinsulinemic euglycemic clamp and by homeostasis
model assessment 2 of IR (HOMAZ2-IR).

Materials and Methods

Study population

PCOS women (n = 96) were recruited from those who visited
the Department of Endocrinology or the Department of Obstet-
rics and Gynecology of the First Affiliated Hospital of Chongg-
ing Medical University from November 2007 to January 2010.
The diagnosis of PCOS was based on the 2003 Rotterdam con-
sensus (The Rotterdam ESHRE/ASRM-sponsored PCOS con-
sensus workshop group) with at least two of the following fea-
tures (17): 1) oligo-amenorrhea or chronic anovulation; 2)
clinical and/or biochemical hyperandrogenism; 3) ultrasound
appearance of polycystic ovaries, after exclusion of other known
causes of hyperandrogenemia and ovulatory dysfunction,
including 21-hydroxylase deficiency, congenital adrenal hy-
perplasia, Cushing’s syndrome, androgen-secreting tumors,
thyroid disease, and hyperprolactinemia. Sixty-three healthy
age-matched volunteer women were recruited as control sub-
jects. All control subjects had a normal menstrual cycle, and none
had clinical and/or biochemical hyperandrogenism. Exclusion
criteria for both groups also included the use of hormone med-
ications (including oral contraceptives) within the past month
and the use of medicines that affect insulin sensitivity (e.g., met-
formin or thiazolidinediones) within the past three months. In-
formed consent was obtained from all participants, and the study
was approved by the First Affiliated Hospital of Chongging
Medical University Ethical Committee.

J Clin Endocrinol Metab, March 2011, 96(3):831-836

Data collection

All patients underwent anthropometric measurements:
height, weight, and waist circumference (WC). Blood pressure
was measured with the subjects in a sitting position after a min-
imum 5-min rest. BMI was determined as the ratio between
weight in kilograms and the square of height in meters.

Biochemical measurements

An oral glucose tolerance test with 75 g glucose was per-
formed after overnight fasting on all subjects. All blood samples
were centrifuged, and separated serum was kept frozen at —80
C until the time of the assay. Serum PEDF concentration was
determined with PEDF sandwich ELISA kit (Millipore Corp,
Billerica, MA). Intra- and interassay coefficients of variation
were 5.6 and 6.5%, respectively. Fasting plasma glucose and
2-hour postload plasma glucose were measured by the Hexoki-
nase-UV/NAD method (Olympus, Tokyo, Japan). Fasting serum
insulin and total testosterone were determined by the electro-
chemiluminescence method (Roche, Basel, Switzerland). Serum
lipids were measured as follows: total cholesterol (TC) using the
cholesterol oxidase-HDAOS method (Wako, Osaka, Japan);
triglycerides (TG) using the GPO-HDAOS Glycerol blanking
method (Wako); high-density lipoprotein cholesterol (HDL-c)
using the immunoinhibition (direct) method (Wako) and low-
density lipoprotein cholesterol (LDL-c) using the selective pro-
tection enzymatic (direct) method (Wako).

IR index

HOMAZ2-IR: IR in all participants was estimated by
HOMAZ2-IR, which was calculated by using the HOMA Cal-
culator v2.2.2 downloaded from http://www.dtu.ox.ac.uk.

Hyperinsulinemic-euglycemic clamp

Hyperinsulinemic—euglycemic clamps performed 6 -8 d after
oral glucose tolerance test were used to assess insulin sensitivity
in 96 PCOS women and 20 controls. Clamps were carried out
according to our previous report with some modifications (18):
after fasting overnight, subjects were admitted to the hospital,
where iv catheters were placed in both arms for insulin and glu-
cose infusion and for blood sampling. The insulin infusion was
performed with a 10-min priming dose of short-acting human
insulin (Humulin, Lilly) and then maintained at a rate of 120
mU/(m? X min) for the next 170 min, for a total of 180 min. A
variable infusion of 20% glucose was started at the fourth minute
to maintain the plasma glucose concentration at 5.2 mmol/liter
(4.9-5.5 mmol/liter), and blood samples for the measurement of
plasma glucose were obtained at 5-min intervals throughout the
clamp. Plasma glucose was measured by the glucose oxidase
method using the Biosen 5030 Glucose Analyzer (EKF Industrie,
Elektronik GmbH, Barleben, Germany). M value (mg/min X
kg™') was calculated from the glucose infusion rates during the
last 60 min of the hyperinsulinemic—euglycemic clamp.

Diagnostic criteria for overweight/obesity

Diagnosis of overweight/obesity was based on the Guidelines
for Prevention and Control of Overweight and Obesity in
Chinese Adults: 24.0 kg/m? = BMI = 27.9 kg/m* was over-
weight, BMI = 28.0 kg/m? was obese, and BMI < 24.0 kg/m?*
was lean (19).
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TABLE 1. Physical and biochemical characteristics of PCOS women and control subjects

Controls PCOS P

Variables (n = 63) (n = 96) value
Age, years 2541 £2.47 25.48 + 4.33 0.91
BMI, kg/m? 2112 =218 23.14 = 4.21 <0.05
WC, cm 69.79 *+ 6.46 78.18 = 11.68 <0.05
SBP, mm Hg 110.00 = 8.28 109.67 = 8.14 0.32
DBP, mm Hg 70.44 = 8.19 69.49 *+ 6.40 0.44
Fasting plasma glucose, mmol/liter 4.87 £0.38 5.19 = 0.61 <0.05
2-h postload plasma glucose, mmol/liter 5.46 = 1.10 7.09 = 1.96 <0.05
TC, mmol/liter 4.26 = 0.87 4.06 = 0.84 0.17
TG, mmol/liter 0.76 = 0.41 1.42 = 1.59 <0.05
HDL-c, mmol/liter 1.37 = 0.27 1.04 = 0.23 <0.05
LDL-c, mmol/liter 2.06 = 0.53 1.94 = 0.65 0.22
Fasting serum insulin, mU/liter 7.49 = 8.52 10.20 + 8.42 <0.05
Total testosterone, ng/dl 46.00 = 21.20 59.76 + 29.74 <0.05
PEDF, pg/ml 3.97 £ 0.98 545+ 1.85 <0.05
M value, mg/min x kg~'@ 1217 = 1.16 8.38 £ 2.92 <0.05
HOMA2-IR 0.98 = 0.40 1.53 = 0.95 <0.05

Data are presented as mean = sb and analyzed by independent sample t test; HOMA2-IR, TG, fasting serum insulin, fasting plasma glucose, and

2-h postload plasma glucose were log,-transformed before comparison.

? Ninety-six PCOS women and 20 control subjects underwent hyperinsulinemic—euglycemic clamp.

Statistical analysis

All statistical analysis was performed using the statistical soft-
ware SPSS 13.0. Results are expressed as mean * sp. Fasting
serum insulin, TG, fasting plasma glucose, 2-hour postload
plasma glucose and HOMA2-IR were log,-transformed before
analysis due to nonnormal distribution. Data involving more
than two groups were assessed by one-way ANOVA [with
Games Howell test (in case of heterogeneity of variance) and
Student-Newman-Keuls test (in case of homogeneity of variance)
for post hoc analysis]. Independent sample # test was used in
comparisons between two groups. Spearman correlation and
multiple linear regression analysis were used to evaluate the re-
lationship of PEDF with IR and other covariates. P values <0.05
(two-tailed) were considered statistically significant.

Results

General characteristics

PCOS women and control subjects were well matched
in terms of age (25.48 = 4.33 vs. 25.41 = 247 yr, P =
0.91). Compared with control subjects, PCOS women had
higher levels of BMI, WC, fasting plasma glucose, 2-hour
post-load plasma glucose, TG, fasting serum insulin and
total testosterone and lower HDL-c (P < 0.05); there were
no significant differences between the two groups in terms
of systolic blood pressure (SBP), diastolic blood pressure
(DBP), TC, or LDL-c (P > 0.05). As expected, compared
with control subjects, PCOS women had a lower M value
(8.38 +2.92 v5.12.17 + 1.16 mg/min X kg~ ', P < 0.05)
and higher HOMA2-IR (1.53 = 0.95 v5. 0.98 = 0.40, P <
0.05) (Table 1). Serum PEDF levels normally distributed in
the two groups, ranging from 2.68 to 5.36 ug/mlin control
subjects and ranging from 3.68 to 7.48 pg/ml in PCOS

women (Fig. 1). Serum PEDF levels averaged 3.97 * 0.98
pg/mlin control subjects and increased 1.37-fold in PCOS
women (P < 0.05, Fig. 1) (Table 1).

Subgroup analysis

According to BMI, PCOS women and controls were
further divided into lean (BMI < 24 kg/m?) and over-
weight/obese subgroups (BMI = 24 kg/m?). Lean PCOS
women had a higher PEDF level (5.29 *+ 1.63 vs. 3.95 =
0.97 ug/ml, P < 0.05, Fig. 1) and lower M value as com-
pared with lean controls (12.17 = 1.16 vs. 9.53 * 2.67
mg/min X kg~ ', P < 0.05). Overweight/obese PCOS
women had increased HOMA2-IR (2.11 * 1.27 wvs.
1.08 * 0.44, P < 0.05) and a tendency toward elevated
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FIG. 1. Box plots showing serum PEDF concentration in different
groups. *, P < 0.05 compared with corresponding control group.
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TABLE 2. Subgroup analysis

Lean Overweight/obese
Controls PCOS Controls PCOS
Variables (n = 58) (n = 62) (n=05) (n = 34)
Age, years 25.34 = 2.53 25.15 £ 4.30 26.20 = 1.64 26.09 = 4.39
BMI, kg/m2 20.70 = 1.64 20.56 = 1.79 25.98 = 1.86 27.84 = 3.15
PEDF, ug /ml 3.95 +0.97 5.29 = 1.63* 420 = 1.20 575 *2.19
HOMAZ2-IR 0.97 £ 0.40 1.21 £ 0.48 1.08 = 0.44 2.11 £ 1.27%
M value? 1217 = 1.16 9.53 + 2.67* — 6.29 = 2.11

Data are presented as mean = sb and were analyzed by one-way ANOVA with the Games Howell test (in case of heterogeneity of variance) or
SNK test (in case of homogeneity of variance) for post hoc analysis. —, failed to recruit any overweight/obese control subjects to undergo clamp.

2 Sixty-two PCOS lean women, 34 overweight/obese PCOS women, and 20 lean controls underwent hyperinsulinemic—euglycemic clamp.

*, P < 0.01 compared with BMI-matched control group.

PEDF levels (5.75 = 2.19vs.4.20 = 1.20 pg/ml, P = 0.32,
Fig. 1) (Table 2).

Bivariate analysis

Spearman correlation analysis showed that in women
with PCOS, PEDF positively correlated with HOMA2-IR
(Fig. 2A), BMI, WC, SBP, TC, TG, and LDL-c (r = 0.30,
r=023,r=0.22,r=0.30,»=0.21,r=0.49 and r =
0.24, respectively, P < 0.05) and negatively correlated
with M value (r=-0.29, P <0.05, Fig. 2B) and HDL-c (r =
—0.23, P < 0.05). PEDF did not significantly correlate
with age, DBP, fasting plasma glucose, 2-hour postload
plasma glucose, or total testosterone (P > 0.035).

Multivariate analysis

Multiple linear regression analysis with a model including
the serum PEDF level as the dependent variable showed that
after adjustment for BMI, SBP, TC, TG, HDL-c, and LDL-c,
the M value was still associated with the serum PEDF level
(R? = 0.27, standardized coefficient 8 = —0.24, P < 0.05)
in PCOS women. When M value was replaced by HOMA2-
IR, similar results were obtained after adjustment for BMI,
SBP, TC, TG, HDL-c, and LDL-c, HOMAZ2-IR was still as-
sociated with the serum PEDF level (R* = 0.26, standardized
coefficient B = 0.27, P < 0.05).

Discussion

Our data show that compared with age-matched control
subjects, women with PCOS had decreased insulin sensi-
tivity (i.e., IR) and increased serum PEDF levels. Spearman
correlation analysis revealed that in PCOS women, the
serum PEDF level correlated with BMI, WC, SBP, M
value, HOMAZ2-IR, and serum lipids (TG, TC, LDL-c, and
HDL-c). Subgroup analysis showed that compared with
age- and BMI-matched controls, PCOS women still had
decreased insulin sensitivity and increased PEDF levels,
indicating that changes in serum PEDF levels in PCOS

women probably independently correlate with insulin sen-
sitivity, in addition to obesity. Multiple linear regression
analysis further demonstrated that after controlling for
BMI, SBP, and serum lipids (TG, TC, LDL-c, and HDL-c),
PEDF was still associated with M value and HOMA2-IR
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FIG. 2. Scatter plots showing the correlation of serum PEDF levels
with IR in PCOS women. A, The serum PEDF level positively correlated
with HOMAZ2-IR in PCOS women. B, The serum PEDF level negatively
correlated with M value in PCOS women.
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in PCOS women. To our knowledge, this report is the first
suggesting that serum PEDF is elevated in women with
PCOS and is associated with IR.

In the present study, we chose two methods to assess
insulin sensitivity: hyperinsulinemic—euglycemic clamp
and HOMAZ2-IR. Hyperinsulinemic—euglycemic clamp is
generally accepted as the gold standard for insulin sensi-
tivity evaluation (20-21). HOMAZ2-IR is also a well-rec-
ognized IR index (22-23). Both methods revealed de-
creased insulin sensitivity in PCOS women, although the
changes of HOMA2-IR in the lean subgroup were not
significant. This lack of significance could be explained by
the fact that HOMAZ2-IR is not as precise as hyperinsu-
linemic—euglycemic clamp, especially in nonobese sub-
jects (1, 24).

There have been no reports on the association of serum
PEDF levels with IR in PCOS women. However, studies on
other populations may provide clues as the relationship
between these two parameters. A study on 196 subjects
from the general Japanese population (aged 65.7 * 9.3 yr)
reported that serum PEDF levels were associated with WC
and TG (14). Jenkins et al. (25-26) found that compared
with control subjects, type 2 diabetic patients had an el-
evated PEDF level (3.2 = 2.0 v5.5.3 = 2.8 pg/ml) and the
PEDF level correlated with BMI and LDL-c; they also
found that an elevated PEDF level correlated with BMI,
SBP, and TG in type 1 diabetic patients. A potential ex-
planation for the relationship between PEDF and adipos-
ity/serum lipids could be PEDF production by adipocytes
and the function of PEDF as a regulator of adipogenesis
and lipid metabolism (13, 25). However, our study found
thatcompared with BMI-matched controls, PCOS women
still had increased PEDF levels (the lack of a significant
elevation of PEDF in overweight/obese PCOS women may
have been due to the small number of overweight/obese
control subjects), indicating that changes of PEDF levels in
PCOS women were probably related to other features of
PCOS (e.g., IR), in addition to obesity. Because the ma-
jority of PCOS women also exhibit IR (6-9), it is conceiv-
able that PEDF plays a role in the pathogenesis of IR in
PCOS. A study on 125 Caucasian men reported that the
serum PEDF level positively correlated with BMI and TG
and negatively correlated with insulin sensitivity index,
and after controlling for BMI and TG, the serum PEDF
level was still associated with insulin sensitivity (27). Ad-
ditionally, Nakamura et al. (16) found PEDF was an in-
dependent determinant of IR in patients with essential hy-
pertension. Similarly, we found that PEDF was an
independent determinant of IR in women with PCOS.

There were some limitations to this study. First, we
recruited only five overweight/obese control subjects, and
the number of cases was far fewer than BMI-matched
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PCOS women. This might lead to some insignificant sta-
tistical results: compared with BMI-matched overweight/
obese controls, PCOS women showed a trend of having an
increased serum PEDF level, which was in line with the
changes in lean control subjects. However, the difference
was not statistically significant in overweight/obese sub-
groups. Second, none of the overweight/obese control sub-
jects underwent hyperinsulinemic—euglycemic clamp, so
we could not evaluate their insulin sensitivity via M value.
However, we used HOMA2-IR to compare the two
groups and found that overweight/obese control subjects
had decreased insulin sensitivity. Third, this study was
cross-sectional and thus could not address the question of
whether elevation of serum PEDF was a cause or conse-
quence of IR in women with PCOS.

In conclusion, our study demonstrates that increased
serum PEDF levels are associated with IR in women with
PCOS. Further longitudinal and interventional studies
are needed to clarify the clinical and pathophysiological
significance of an elevated serum PEDF level in women
with PCOS.
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