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Abstract

Background: Osteopontin (OPN) plays an important role in inflammatory processes and insulin resistance.
Polycystic ovary syndrome (PCOS) is a reproductive metabolic disease associated with insulin resistance and
metabolic abnormalities, including high levels of liver fat content (LFC). The objective of this study was to explore
whether circulating OPN independently contributes to elevated LFC in non-obese PCOS patients.

Methods: This study included 61 non-obese PCOS patients and 56 age-matched healthy women from Shanghai,

China. After an overnight fast, all participants underwent anthropometric measurements, oral glucose tolerance tests,
lipid profile and sex hormone measurements. Quantitative measurement of LFC by ultrasonography was performed.
OPN concentrations were measured using ELISA. An independent samples t-test and the Mann-Whitney U test were
performed to compare variables between the two groups; one-way ANOVA and Kruskal-Wallis test were performed to
compare four subgroups of patients. Correlations were determined by Spearman’s correlation tests. Stepwise multiple
linear regression analyses were performed to assess for independent contributors. A receiver operating characteristic
curve with the maximum Youden index was calculated for the optimal cut-off value.

Results: In non-obese PCOS women, circulating OPN levels were increased in the subgroups with a higher body mass

index (BMI) and free androgen index (FAI), and the LFC levels were increased in the elevated OPN subgroups.
Moreover, increased OPN was associated with increased FAI and LFC in PCOS women, and the association between
OPN and LFC was independent of triglyceride, HOMA-IR and FAI after adjusting for PCOS status in all participants. OPN
combined with FAI and hsCRP may better predict NAFLD than WHR in this study cohort. However, there was no
significant difference in circulating OPN levels between non-obese PCOS and normal control women.

Conclusions: Increased OPN levels may be related to FAI and elevated LFC in non-obese women with PCOS.

Keywords: Polycystic ovary syndrome, Osteopontin, Liver fat content, Hyperandrogenism

Background

Polycystic ovary syndrome (PCOS) is a complex repro-
ductive and metabolic disorder related to insulin resist-
ance with a 5-10% morbidity in women of fertile age
[1]. As PCOS is characterized by insulin resistance and
hyperandrogenism, it is often accompanied by metabolic
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syndrome and an increased risk of cardiovascular events
[2]. It is believed that the occurrence and progression of
metabolic disorders in PCOS patients are closely related
to the chronic low-level inflammation of intra-
abdominal adipose tissue [3, 4]. Among the metabolic
disorders in PCOS patients, nonalcoholic fatty liver dis-
ease (NAFLD), which is considered the hepatic expres-
sion of metabolic syndrome [5], leads to a significant
increase in the morbidity and pathology scores in PCOS
patients, independent of obesity and other coexisting
metabolic disorders [6-9].
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NAFLD is an important manifestation of metabolic
syndrome in the liver characterized by the presence of
hepatic steatosis on imaging or histology in the absence
of secondary causes of hepatic fat accumulation such as
significant alcohol consumption, use of steatogenic
medication or hereditary disorders [10]. A liver biopsy is
the gold standard for the detection of liver fat content
(LEC) in humans, but this invasive test is not routinely
used in clinical practice; proton magnetic resonance
([1H]-MRS) [11, 12] and chemical shift-encoded mag-
netic resonance imaging (MRI) [13] are also accurate
methods for assessing hepatic fat deposition, but they
are not routinely performed due to high cost. A quanti-
tative ultrasound method was recently established for
detecting LFC and is proven to be a noninvasive method
that provides results that are highly consistent with
[1H]-MRS and histological liver steatosis grade (r = 0.85
and 0.79, respectively) [14]. Studies have shown that
computer-aided measurements of the US hepatic/renal
echo-intensity ratio (H/R) are highly correlated with
liver fat content determined by histology and [1H]-MRS
[15, 16]. The method used in this study was established
based on a standardized H/R and the ultrasound hepatic
echo-intensity attenuation rate (HA), which are reported
to be positively correlated with the LFC measured by
[1H]-MRS (r =0.884, and 0.711, respectively) [17]. The
ultrasound H/R can independently predict 78% of LFC
detected by [1H]-MRS, and the addition of ultrasound
HA improves the adjusted explained variance to 79.8%
[17]. Compared to liver biopsy, MRS and MRI, the quan-
titative ultrasound method is non-invasive, time-saving,
and relatively cheap; therefore, we chose to use the
quantitative ultrasound method to assess the levels of
LEC in this study population.

Osteopontin (OPN) is a glycoprotein that is involved
in multiple biological and pathological conditions in-
cluding immunity, inflammation, insulin resistance,
reproduction, and steatosis and fibrosis of various tis-
sues. OPN plays a role in immunomodulatory functions
as an early T lymphocyte activator [18]. Studies demon-
strate a significant increase of OPN levels in chronic
low-grade inflammation and insulin resistance-related
diseases such as obesity. Furthermore, OPN can induce
inflammatory signalling from human adipocytes and adi-
pose tissue macrophage infiltration, and impair differen-
tiation and insulin sensitivity of primary adipocytes [19—
22]. Growing evidence suggests that OPN is also in-
volved in the regulation of female reproductive func-
tions, such as follicular growth and ovulation regulation
[23]. Recent studies have also found that plasma OPN
levels are closely related to the degree of liver fibrosis in
alcoholic liver disease [24]. Furthermore, previous stud-
ies suggest that OPN deficiency can reduce hepatic stea-
tosis and inflammation in obese mice fed a high fat diet
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[21, 25]. In these studies, OPN expression was found to
be essential for NAFLD progression, involving hepatic
steatosis, inflammation and fibrosis. Therefore, it is now
recognized that OPN is closely related to metabolic and
reproductive disorders, as well as NAFLD. However, re-
search on the correlation between serum OPN levels
and LFC has not been evaluated in non-obese PCOS pa-
tients in the Chinese population.

The aim of this study was to assess whether OPN
levels in non-obese PCOS patients are higher than that
of age- and BMI-matched non-PCOS patients and the
relationship between OPN levels and LFC.

Methods

Participants

Sixty-one women with PCOS and fifty-six control
women were enrolled in the study from Shanghai, China.
The age of the subjects ranged from 18 to 45 years old,
and they were normal weight or overweight with a BMI
<28 kg/m? according to the Cooperative Meta-Analysis
Group of the Working Group on Obesity in China Cri-
teria [26]; normal weight was defined as body mass
index (BMI) <24 kg/m? overweight was defined as
24 kg/m> <BMI <28 kg/m? and obesity was defined
BMI of >28 kg/m> The diagnosis of PCOS was based on
the National Institutes of Health 1990 Criteria [27].
Control women were screened by medical history, phys-
ical examination, laboratory evaluation and transvaginal
ultrasound to select those with normal cycles, those who
are non-hirsute, and those who do not have hyperandro-
genaemia (serum testosterone below 0.6 ng/mL). All
women that were pregnant (diagnosed by a urine preg-
nancy test) or had abnormal thyroid function and pro-
lactin levels were excluded [27]. Women who received
glucocorticoids, anti-androgen agents, oral contracep-
tives, anti-inflammatory agents, ovulation induction
agents, anti-obesity medications, steatogenic medica-
tions, or insulin sensitizing agents within the previous
3 months were excluded. All women with history of sig-
nificant alcohol consumption and hereditary disorders
that might cause secondary hepatic fat accumulation
were excluded.

All evaluations and procedures in this study were con-
ducted according to the Declaration of Helsinki for
Medical Research involving Human Subjects. This study
was approved by the ethics committee of Shanghai Renji
Hospital and written consent was obtained from each
subject after full explanation of the purpose and nature
of all study procedures.

Quantitative measurement of LFC by ultrasonography

Quantitative measurement of LFC was determined by
ultrasonography described in a previously study [14, 17].
All instrument settings were calibrated using a tissue-
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mimicking phantom (Model 057; Computerized Imaging
Reference Systems, Norfolk, VA) and fixed before mea-
surements were obtained to maintain consistency among
the ultrasound machines. The phantom contains abdom-
inal organ models that display as ultrasound images.
The ultrasonographists were trained to obtain ultra-
sound images, including one image with both the liver
and the right kidney clearly visualized in the sagittal
liver/kidney view in the lateral position and another
image with the liver in the right intercostal view at the
anterior axillary line in the supine position [14, 17].

All images were transferred to a personal computer
and analysed using the NIH image software (Image]
1.41, National Institutes of Health, Bethesda, MD). In
the sagittal liver/right kidney view, a region of interest
(ROI) of 1.5 * 1.5 cm? in the liver parenchyma without
blood vessels, bile ducts, and other focal hypo/hypere-
chogenic structures was selected. Another ROI of 0.5 *
0.5 cm” was identified in the right renal cortex with no
large vessels or renal sinus or medulla at the same depth
as the liver ROL. In the right intercostal view at the an-
terior axillary line, two ROIs of 1.5 * 1.5 cm® were se-
lected in homogeneous regions of the liver along the
same ultrasound transmission line near the liver’s anter-
ior and posterior margins. The linear distance between
the two ROIs was also measured. The grey scale mean
value of the pixels within the ROIs was used as the
measurement of echo intensity. We then divided the
average hepatic grey scale by the average renal cortex
grey scale to obtain the ultrasound hepatic/renal echo-
intensity ratio. We obtained the standardized ultrasound
hepatic/renal ratio and standardized hepatic attenuation
rate using the phantom. The LFC was obtained accord-
ing to the following predictive formula: LFC (%) = 62.592
* standardized ultrasound hepatic/renal ratio + 168.076*
standardized hepatic attenuation rate — 27.863 [14, 17].

Anthropometric measurements

The height and weight of each subject in light clothing
were measured to the nearest 1 cm and 0.1 kg, respect-
ively, using a digital scale and stadiometer. BMI was cal-
culated 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 circumference at the
narrowest point between the lower border of the rib
cage and the iliac crest. HC was determined by measur-
ing the circumference at the level of the symphysis pubis
and the greatest gluteal protuberance. The waist-to-hip
ratio (WHR) was then calculated by dividing the WC by
the HC. Body fat percentage (FAT%) was assessed by
foot-to-foot measures of bioelectrical impedance ob-
tained using a TBF-300 body composition analyser
(TANITA, U.K. Ltd., Middlesex, UK).
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Laboratory analyses

All laboratory evaluations were performed at 0800 h
after an overnight fast during the early follicular phase
(days 2-5) of a spontaneous menstrual cycle, except in
subjects with amenorrhoea >3 months who were exam-
ined randomly. All women underwent a standard oral
glucose tolerance test (OGTT) with 75 g of glucose.
Blood samples were drawn before the glucose load (t=
0 min) and after the glucose load (t=30, 60, 120, and
180 min). Glucose and insulin samples were stored at 4 °
C and analysed the day of sampling. All serum samples
for OPN were stored at — 70 °C until assayed.

Competitive electrochemiluminescence immunoassays
on the Elecsys Autoanalyser 2010 (Roche Diagnostics,
Indianapolis, IN) were used to quantify serum total tes-
tosterone. Sex hormone binding globulin (SHBG) levels
were measured by the chemiluminescent immunoassay
(Elecsys autoanalyser 2010, Roche Diagnostics) validated
for plasma SHBG. The coefficient of variation (CV) for
SHBG using this methodology was 6%. FAI was calcu-
lated as the percentage ratio of total testosterone to
SHBG [28]. A normal androgen level was defined as FAI
<7 [29]. Plasma glucose was determined using the glu-
cose oxidase methodology. All measurements were per-
formed with Roche reagents (D 2400 and E 170 Modular
Analytics modules with Roche/Hitachi analysers; Roche
Diagnostics, Indianapolis, USA). Insulin levels were mea-
sured by radioimmunoassay (RIA). The intra-assay CV
of insulin and steroid hormone assays were 5.5% and <
10%, respectively. To estimate insulin resistance, the
homeostasis assessment insulin resistance index
(HOMA-IR) was calculated according to the equation
fasting serum insulin (uU/ml) * fasting plasma glucose
(mmol/ 1)/22.5 [30]. The Matsuda Index was calculated
using the eqs. 10,000/square root of [(fasting glucose x
fasting insulin) x (mean glucose x mean insulin during
OGTT)] [31]. The deposition index (DI) was calculated
to estimate the P-cell response relative to the prevailing
insulin sensitivity using the eq. DI = Al3o/AG3y (mIU/
mmol)/HOMA-IR = (I30-1p)/(G30-Go)/ HOMA-IR [32].
Analysis of high-sensitivity C-reactive protein (hsCRP)
was performed using immunonephelometric methods
and a BN-II analyser (Dade Behring, Deerfeld,
Germany). The inter- and intra-assay coefficients of vari-
ation were 4.9% and 6.8%, respectively.

The plasma OPN level was measured using an
enzyme-linked immunosorbent assay (ELISA) kit
(R&D Systems, Minneapolis, MN, USA) according to
the manufacturer’s instructions. The intra-assay CV
was <4.1% and the inter-assay CV was <6.7%. All
samples were analysed in duplicate. The assays have
<0.5% cross-reactivity observed with available related
molecules and a<50% cross-species reactivity ob-
served with species tested.



Wang et al. Reproductive Biology and Endocrinology (2018) 16:31

Statistical analyses

All statistical analyses were performed using SPSS version
23 (SPSS Inc., Chicago, IL, USA). The results are reported
as the mean with the standard deviation for variables with a
normal distribution and median with the interquartile range
(25-75%) for variables with a skewed distribution. For vari-
ables with a normal distribution, an independent samples t-
test was performed to compare variables between two
groups; one-way ANOVA followed by the LSD test was per-
formed for the four subgroups. For variables with a skewed
distribution, the Mann-Whitney U test was performed to
compare variables between the two groups; the Kruskal-
Weallis test followed by the Mann-Whitney U test was per-
formed for the four subgroups. The relationships between
levels of OPN, LFC and other variables were evaluated by
the Spearman’s correlation test. Stepwise multiple linear re-
gression analyses were performed to assess the independent
contributors of OPN and LFC. To determine the optimal
threshold to predict LFC, the point on the receiver operating
characteristic (ROC) curve with the maximum Youden
index [sensitivity-(1-specificity)] was calculated. P < 0.05 was
considered statistically significant.

Results

Clinical, hormonal and metabolic features of PCOS and
non-PCOS women

The clinical characteristics and biochemical variables of
PCOS and non-PCOS women are summarized in Table 1.
The age, BMI, FAT%, HOMA-IR, DI, TG, and high-
density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) levels were comparable
between the PCOS and non-PCOS groups (all P> 0.05).
However, compared to the non-PCOS group, the PCOS
group had much higher WHR, AUCglucose, AUCinsulin,
TC, hsCRP, T, FAI and A,, while the Matsuda Index and
SHBG were lower in the PCOS group (all P < 0.05).

The PCOS and non-PCOS women were divided into
four subgroups according to their BMI. Lean PCOS and
lean non-PCOS women did not differ except in levels of
TC and sex hormones (T and FAI) (P<0.05 for all).
When we compared overweight non-PCOS and over-
weight PCOS women, there were similarities in meta-
bolic parameters, while their sex hormones including T,
SHBG, A, and FAI, were quite different (P < 0.05 for all).
Other clinical, metabolic and hormonal parameters are
shown in Additional file 1: Table S1.

Comparison of OPN levels in different subgroups

The mean value of OPN was moderately higher in PCOS
patients compared to non-PCOS women, but this finding
was not statistically significant (13.65 ng/mL vs 11.78 ng/
mL, P =0.160, Fig. 1a). Furthermore, we divided all partici-
pants into four subgroups according to PCOS and BMI sta-
tus and compared the mean values of OPN. We observed
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that the mean value of OPN in overweight PCOS patients
was significantly higher than that of lean PCOS patients
(15.09 vs 10.31 ng/mL, P=0.01, Fig. 1b), while there was
no difference between lean control women and overweight
control women (11.15 vs 12.81 ng/mL, P =0.229, Fig. 1b).
Similar levels of OPN were also found between lean control
women and lean PCOS patients and between overweight
control women and overweight PCOS women (both P>
0.05, Fig. 1b). Since hyperandrogenism is an important
characteristic of PCOS patients, we explored whether an-
drogen has an impact on the OPN level. We compared
OPN levels and FAI to identify whether OPN levels change
with bioactive testosterone estimated by FAL In PCOS pa-
tients, the OPN levels were higher in those with FAI>7
compared to those with FAI <7 (9.61 ng/mL vs 15.22 ng/
mL, P=0.007, Fig. 1c). The baseline data according to FAI
in PCOS women are shown in Additional file 1: Table S2.

Comparison of LFC levels in different subgroups by PCOS
status, BMI and OPN

The mean value of LFC was significantly higher in PCOS
patients compared to age- and BMI- matched non-PCOS
women (14.47% vs 8.93%, P =0.002, Fig. 2a). All partici-
pants were then divided into different subgroups according
to BMI and diagnosis. In the PCOS group, the mean value
of LFC in overweight patients was significantly higher than
that of lean patients (19.61% vs 8.32%, P <0.001, Fig. 2b).
In the non-PCOS group, the mean value of LFC in over-
weight women was significantly higher than that of lean
women (11.95% vs 7.47%, P=0.001, Fig. 2b). The mean
value of LFC was significantly higher in overweight PCOS
patients compared to that of overweight non-PCOS pa-
tients (19.61% vs 11.95%, P = 0.021, Fig. 2b). However, lean
PCOS patients and lean non-PCOS women were observed
to have similar LFC levels (P = 0.348, Fig. 2b).

To explore whether OPN affects LFC in PCOS
women, we further divided the subjects into subgroups
according to the quartiles of OPN levels and compared
LEC levels among these four subgroups. In PCOS sub-
jects, LFC was higher in women with OPN levels in the
second (6.6% vs 17.14% P = 0.002), third (6.6% vs 18.58%
P <0.001) and fourth quartiles (6.6% vs 12.59% P = 0.004,
Fig. 2c) compared to those with OPN levels in the lowest
quartile. The baseline data of the four subgroups accord-
ing to OPN levels in PCOS women are shown in
Additional file 1: Table S3.

Correlation between OPN and LFC with clinical/
biochemical parameters in PCOS patients

Given the association between high OPN levels and in-
creased adiposity, correlations between OPN and an-
thropometric/metabolic parameters were investigated
(Table 2). In PCOS women, the OPN level had a positive
linear relationships with LFC (P = 0.004). Moreover, OPN
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Fig. 1 OPN levels in the lean/overweight non-PCOS and PCOS groups and in FAI quartile groups. (@) OPN levels in the non-PCOS group and PCOS group.
(b) OPN levels in lean and overweight non-PCOS groups and lean and overweight PCOS groups. (c) OPN levels by FAI in the PCOS group. For comparison
between two groups, the Mann-Whitney U test was performed. The Kruskal-Wallis test followed by the Mann-Whitney U test was performed to test the
differences among the four subgroups. Data are displayed as median with interquartile range. *P < 0.05, **P < 0.01. FAI: free androgen index.

level positively correlated with AUCinsulin (P =0.016),
HOMA-IR (P=0.02), and FAI (P=0.016). Furthermore,
there were strong inverse linear correlations between
OPN level and SHBG (P =0.027) and the Matsuda Index
(P=0.037). However, we did not find a correlation be-
tween OPN level and anthropometry parameters, lipid
profile, hsCRP, AUCglucose, or DI (Table 2).

Given the association between high LFC levels and in-
creased adiposity, correlations between LFC and an-
thropometric/metabolic parameters were investigated
(Table 2). In PCOS women, the LFC level had positive lin-
ear relationships with BMI, FAT% and WHR (P < 0.01 for
all). LEC level also had positive linear relationships with
AUCglucose (P <0.001), AUCinsulin (P < 0.001), HOMA-
IR (P<0.001), TG (P<0.001), LDL-C (P =0.041), hsCRP
(P=0.003), and FAI (P<0.001). Furthermore, strong in-
verse linear correlations were found between LFC level
and the Matsuda Index (P<0.001), DI (P=0.01), SHBG
(P<0.001) and HDL-C (P < 0.001, Table 2).

Determinants of LFC

To investigate the independent determinants of LFC
among all women studied, we performed a stepwise
multiple regression analysis on LFC with OPN, HOMA-
IR, FAL TG and PCOS status as potential contributors.

We observed that FAI, HOMA-IR, TG and OPN, but
not PCOS status, explained 33.5% of the variance in LFC
(adjusted R%?=0.335, P<0.001) with FAI (5=0.347, P<
0.001), HOMA-IR (5=0.201, P=0.013), TG (B =0.236,
P =0.004) and OPN (5 =0.178, P=0.023, Table 3) being
significant independent contributors. Therefore, FAI,
HOMA-IR, TG and OPN were all found to be independ-
ent predictors of LFC.

ROC analysis for LFC

To further elucidate the relationship between OPN and
LFC, we used the ROC curve to find potential contribu-
tors of elevated LFC risk for NAFLD diagnosis (LFC >
5%). In all participants, the area under the curve (AUC)
in the ROC analysis was 0.606 for OPN, 0.615 for FAI
and 0.691 for hsCRP. We combined the three potential
contributors of LFC and found that the AUC increased
to 0.71 from 0.622 for WHR, indicating that the combin-
ation of OPN, FAI and hsCRP are optimal predictors for
the diagnosis for NAFLD (Table 4).

Discussion

In this study, we investigated circulating OPN levels in
non-obese women with PCOS compared to normal con-
trol women and determined the correlation between



Wang et al. Reproductive Biology and Endocrinology (2018) 16:31

Page 7 of 10

a
50' *%
40 oo
2 304 o RS
% 20 Rl
10 e b
0 M Tl L
non-PCOS PCOS
c *%k
301 —_
8 201 I
o
L
4
104 I
0
Q1 Q2 Q3 Q4
OPN
**P < 0.01. LFC: liver fat content.

Fig. 2 LFC levels in lean/overweight non-PCOS and PCOS groups and in OPN quartile groups. (@) LFC levels in non-PCOS and PCOS groups. (b)
LFC levels in lean and overweight non-PCOS groups and lean and overweight PCOS groups. (¢) LFC levels by OPN quartiles in the PCOS group
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Whitney U test was performed to test the differences among the four subgroups. Data are displayed as median with interquartile range. *P < 0.05,
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OPN and LFC. The main finding of this study was that
the circulating OPN level is associated with the degree of
FAI in non-obese PCOS women and the OPN is an inde-
pendent contributor of LFC. OPN combined with FAI and
hsCRP was an optimal predictor of NAFLD in this study
cohort. However, there was no significant difference in cir-
culating OPN levels between non-obese PCOS and nor-
mal control women.

There is an increasing number of studies investigating
the relationship between OPN and metabolic diseases,
but there have been no definitive conclusions to date.
Whether OPN independently contributes to the devel-
opment of metabolic disturbance in PCOS patients is
also unknown. Because OPN has multiple functions in
adipose tissue, we hypothesized that OPN may be in-
volved in the insulin resistance in PCOS patients. Al-
though differences in insulin resistance estimated by
HOMA-IR were not readily apparent between PCOS
and non-PCOS women in this non-obese cohort, the
level of SHBG, a potential alternative index of insulin re-
sistance, was significantly decreased in non-obese
women with PCOS. Our study also suggests that OPN
levels are negatively correlated with SHBG levels.

Since hyperandrogenism is one of the most important
features of PCOS pathogenesis, we analysed the

differences in OPN levels in different FAI subgroups of
PCOS patients. We found that an increased circulating
OPN level was more common in higher FAI groups and
associated with high degree of FAI in non-obese PCOS
patients. This finding is consistent with a recent study
that showed that OPN levels are associated with free tes-
tosterone levels [33]. In the BMI subgroup analysis, OPN
levels were significantly higher in the overweight PCOS
group compared to the lean PCOS group, while this differ-
ence was not found in control women. This suggests that
hyperandrogenism may play an important role in elevating
OPN levels, for there is only a small BMI difference
among patients with hyperandrogenaemia.

In the present study, there was no significant difference
in serum OPN levels between non-obese PCOS and con-
trol women. This finding is inconsistent with that of a re-
cent study showing that PCOS is associated with
increased serum OPN levels [33]. The major discrepancy
may be due to the relatively low BMI and comparable
HOMA-IR in our cohort. However, given the observa-
tional design of our study and Saklamaz’s study, causality
cannot be established. The precise mechanisms of the po-
tential role of OPN in PCOS must be further investigated.

While there is growing evidence with regard to OPN
playing a crucial role in metabolic disorders, particularly
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Table 2 Correlation of OPN and LFC with clinical and
biochemical parameters in PCOS women

OPN LFC

r P r P
OPN / / 0.36 0.004
liver 0.360 0.004 / /
BMI 0.246 0.056 0.621 <0.001
WHR 0.118 0372 0.514 <0.001
FAT% 0.239 0.273 0.569 0.005
AUCglucose 0.203 0.116 0495 <0.001
AUCinsulin 0321 0016 0.488 <0.001
HOMA-IR 0.300 0.02 0474 <0.001
Matusda index —0.282 0.037 —0.569 <0.001
DI —-0.082 0.546 -0337 0.01
TG 0.067 0.607 0464 <0.001
HDL-C —-0.208 0.107 -0514 <0.001
LDL-C —0.093 0476 0.263 0.041
hsCRP 0.137 0.291 0.375 0.003
SHBG -0.283 0.027 -0.533 <0.001
FAI 0308 0016 0443 <0.001

Associations between OPN and LFC with other variables were determined by
the Spearman correlation analysis

LFC Liver fat content, BMI Body mass index, WHR Waist-to-hip ratio, FAT% Body
fat percentage, AUCglucose Area under curve for OGTT glucose, AUCinsulin Area
under curve for OGTT insulin, HOMA-IR Homeostasis model assessment of insulin
resistance, DI: disposition index, TG Triglyceride, HDL-C High-density lipoprotein
cholesterol, LDL-C Low-density lipoprotein cholesterol, hsCRP High sensitive C
reaction protein, SHBG Sex hormone binding globulin, FA/ Free androgen index

focusing on NAFLD and obesity, data on OPN and LFC
in PCOS are rather limited. To our knowledge, this is
the first report describing the increased circulating OPN
levels associated with a high degree of LFC in non-obese
PCOS women. In line with a previous study, despite
differences in BMI of the patient cohorts, OPN was ob-
served to be correlated with several metabolic parame-
ters such as BMI, WHR (waist circumference in a
previous study), glucose and insulin levels, HOMA-IR,
TG, HDL-C, LDL-C, and hsCRP [34]. Moreover, PCOS
patients with OPN levels in the third quartile showed a

Table 3 Effects of OPN and clinical parameters on LFC in all
participants adjusted for PCOS status

95%Cl P value
B Lower Bound Upper Bound
FAI 0326 0.178 0473 <0.001
TG 3.199 1.068 533 0.004
HOMA-IR 0.671 0.146 1.197 0.013
OPN 0.189 0.026 0352 0.023

Stepwise multiple linear regression analyses were performed to evaluate the
effects of FAI, TG, HOMA-IR and OPN on LFC adjusted for PCOS status

LFC Liver fat content, FAI Free androgen index, TG Triglyceride, HOMA-IR
Homeostasis model assessment of insulin resistance

Page 8 of 10

Table 4 ROC curve analysis of LFC risk (> 5%) in all participants

Cut-off point  AUC Sensitivity  Specificity
WHR 0.905 0.622 0.35 1
OPN 13.005 0606 051 038
hsCRP 0.77 0691 051 0.867
FAI 6.155 0615 0441 0.8
OPN + FAI+ hsCRP 0.71 0.667 038

WHR Waist-hip ratio, hsCRP High sensitive C reaction protein, FA/ Free
androgen index

2.82 times greater LFC than those in the PCOS group
with OPN levels in the lowest quartile (18.58% vs 6.6%).
Interestingly, compared to those in the second and third
quartiles, subjects with OPN levels in the highest quartile
had a lower LEC. Since OPN is elevated in the progression
of simple steatosis to nonalcoholic steatohepatitis and fi-
brosis [34], the change in LFC levels may account for this
decline in OPN. In this study, we excluded fibrosis using
the BMI, age, ALT and triglycerides (BAAT) index because
of the relatively low BMI and age in this cohort. In
addition, a stepwise linear regression analysis showed that
the serum OPN level is a predictor of LFC independent of
TG, HOMA-IR and FAJ indicating that the effect of
changes in OPN levels on the metabolic phenotype of
PCOS may be the result of a mechanism that is independ-
ent of insulin sensitivity.

There are several limitations in this study. First, the
observational design cannot prove causality. Second, we
quantitatively determined the LFC levels by ultrasonog-
raphy. Although [1H]-MRS is the most accurate, non-
invasive and quantitative LFC detection method based
on a large-scale population study, there is sufficient cor-
relation in LFC detection between quantitative ultrason-
ography and MRS. In addition, we detected serum OPN
levels by ELISA, which has been found to be consistent
with the results of western blot analyses [35].

Conclusions

In conclusion, the levels of circulating OPN in non-
obese Chinese women positively correlated with the FAI
and LFC levels. Furthermore, OPN is an independent
predictor of LFC in PCOS women and may contribute
to the metabolic phenotypes of PCOS through mecha-
nisms independent of insulin resistance. In addition,
OPN combined with FAI and hsCRP may be an optimal
predictor for NAFLD in PCOS. Further studies are
needed to elucidate the mechanism of OPN in the devel-
opment of NAFLD in PCOS patients.
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