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Polycystic ovary syndrome (PCOS) and nonalcoholic fatty liver (NAFLD) share similar clinical presentations including obesity,
insulin resistance (IR), and metabolic abnormality. The predictive factors of NAFLD in women with PCOS and specifically in
Asian women are not well established. Associated factors for NAFLD assessed by ultrasound (US) among a group of PCOS and
healthy women were determined and diagnostic accuracy between US and transient elastography (TE) for NAFLD was compared
and correlated. Sixty-three women with ages ranging from 20 to 40 years participated in the present cross-sectional study. Forty-
two women with PCOS as diagnosed by the Rotterdam criteria and 21 healthy women were recruited into the study. Women with
underlying hepatic diseases and history of alcohol consumption >20 g/day were excluded. Biochemical and hormonal testing,
anthropometrics, liver US, and TE were assessed. Waist circumference (WC) greater than 80 cm was the only predictive factor for
NAFLD as assessed by US in the whole group (adjusted odds ratio [aOR] 5.49, 95% confidence interval [CI]: 1.85–16.26, p <0.001).
The value of the TE-based controlled attenuation parameter (CAP) was significantly correlated with stage of steatosis as assessed
by US (correlation coefficient = 0.696, p <0.001). The diagnostic accuracies of dichotomized CAP ≥236 dB/m assessed for NAFLD
using US as the gold standard were 84% and 78% sensitivity and specificity, respectively, with the area under the curve at 0.81 (p
<0.001). Abdominal obesity, rather than the presence of PCOS, was shown to be the independently associated factor for NAFLD.
WC could be used as the primary screening tool before performing complicated intervention for detection of steatosis. TE is an
alternative noninvasive detection tool in women with PCOS for NAFLD and hepatic fibrosis identification.

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common
gynecological endocrine disorder. The prevalence of PCOS

diagnosed by Rotterdam criteria has been reported approxi-
mately 5%–10% in women of reproductive age. PCOS affects
women’s health with long-term consequences including
endometrial hyperplasia, endometrial cancer, and an increase

Hindawi
BioMed Research International
Volume 2019, Article ID 9047324, 9 pages
https://doi.org/10.1155/2019/9047324

https://orcid.org/0000-0002-3730-5532
https://orcid.org/0000-0002-1578-2784
https://orcid.org/0000-0001-5343-3297
https://orcid.org/0000-0002-4589-0030
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/9047324


2 BioMed Research International

in cardiovascular risk contributed from insulin resistance
(IR), type 2 diabetes mellitus, hypertension, and metabolic
syndrome (MetS).

Nonalcoholic fatty liver disease (NAFLD) or steatosis
refers to an increase in and excessive hepatic fat accu-
mulation. It is identified by the presence of fat >5% of
hepatocyte and/or proton density fat fraction technique or
>5.6% defined by magnetic resonance spectroscopy. The
exclusion of the secondary causes of fatty liver disease and
a daily alcohol consumption ≥20 g is required for NAFLD
diagnosis [1]. NAFLD is classified as nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH), which
consists of a more progressive and wider clinical spectrum
including fibrosis, cirrhosis, and hepatocellular carcinoma
[2]. Within five to seven years, NASH can become cirrhosis
in almost 20% of the cases [3]; therefore, patients with NASH
need closer follow-ups and intensive treatment to prevent
NASH progression to cirrhosis and carcinoma. Although
NAFLD pathogenesis is multifactorial, obesity and IR are
the main contributing factors [4]. Liver biopsy is the gold
standard for NAFLD diagnosis [5]. However, this technique
is invasive, and it is burdensome to perform liver biopsies in
all NAFLDpatients.The international guidelines recommend
liver biopsy in selected cases consisting of those who may
have advanced fibrosis indicated by serum biomarkers or
transient elastography (TE) [6]. Ultrasound (US) is a non-
invasive technique and initial diagnostic test for assessment
of fatty liver. It is good for moderate to severe steatosis but
less accurate when fat accumulation is <20% [2] and depends
on operator expertise [7]. A parameter assessed by fibroscan
or TE, called controlled attenuation parameter (CAP), which
measures attenuation of the US at the center frequency of
the fibroscan probe, is the other promising tool for steatosis
assessment because of its accuracy and convenience [7].How-
ever, results are inconclusive for TE-based CAP performance
compared to US for steatosis detection. Additionally, TE is a
new and promising technique for liver fibrosis evaluation in
order to avoid invasive liver biopsy.

Both PCOS and NAFLD share similar characteristics,
including central obesity, IR, and MetS. Many studies have
demonstrated an increase in prevalence of NAFLD in women
not only with obese but also with nonobese PCOS [8–
12]. It is still a question of whether PCOS is one of the
predictive factors ofNAFLDand specifically inAsianwomen.
Moreover, no recommendations regarding assessment tools
for NAFLD in women with PCOS have been published. The
present study aimed to examine two parameters: (1) identify
the predictive factors of NAFLD by US in PCOS and healthy
women and (2) correlate and compare diagnostic accuracy for
NAFLD between US and TE-based CAP.

2. Material and Methods

Forty-two women with PCOS based on the Rotterdam
criteria [13] and twenty-one healthywomenwith ages ranging
from 20 to 40 years provided informed consent and were
recruited into the study.Thepresent cross-sectional studywas
performed at the Endocrine Clinic, Division of Reproductive

Endocrinology & Infertility, Department of Obstetrics and
Gynecology, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand, between November
2017 and August 2018. The study was approved by the
Ethical Clearance Committee on Human Rights Related to
Researches Involving Human Subjects, Faculty of Medicine,
Ramathibodi Hospital. All participants were excluded if they
had other related diseases, such as thyroid dysfunction,
hyperprolactinemia, androgen-producing tumor, and Cush-
ing’s syndrome in addition to others. The other exclusion
criteria included alcohol consumption >20 g/day, presence
of known liver disease, and use of steatogenic medication or
hormones for at least three months before the study. Medical
history recording, physical examination, pelvic and liver US,
laboratory testing, and TE were done for the entire group.

Definition. Abdominal obesity was defined by WC >80 cm
[14]. Hyperandrogenism (HA) was characterized by clinical
presentations (such as hirsutism, moderate to severe acne,
androgenic alopecia, and seborrhea) [13] and/or biochemical
testing. BiochemicalHAwas defined by a free androgen index
(FAI) of>6.8 [15].MetS was defined by the presence of≥3 risk
factors: (1)WC >80 cm; (2) hypertension >130/85 mmHg; (3)
fasting plasma glucose (FPG) >6.1 mmol/L; (4) triglycerides
(TG)>1.7mmol/L; and (5) high-density lipoprotein (HDL-C)
<1.3 mmol/L [16].

Anthropometric Measurement. Women’s weights, heights,
and WCs women were measured. Body mass index (BMI)
was calculated as body weight (kg) divided by the height
(m) squared. WC was measured around the body midway
between the lower rib margin and the iliac crest by placing
measuring tape at that location [14]. A BMI of 23.0 to 24.9
and ≥25.0 kg/m2 was interpreted as overweight and obesity,
respectively [17].

Laboratory Assays. All of the blood samples were ana-
lyzed for aspartate aminotransferase (AST), alanine amino-
transferase (ALT), 𝛾-glutamyltransaminase (𝛾-GT), alka-
line phosphatase (ALP), albumin (ALB), total cholesterol
(TC), TG, HDL-C, low-density lipoprotein cholesterol (LDL-
C), insulin, prolactin, total testosterone (T), sex hormone-
binding globulin (SHBG), thyroid-stimulating hormone
(TSH), follicle-stimulating hormone (FSH), hepatitis B sur-
face antigen (HBsAg), and antihepatitis C virus (anti-HCV).
The oral 75 gm-glucose test was done.The FAI was calculated
with the formula: TC (nmol/L) x 100 /SHBG (nmol/L). The
homeostasis model assessment of IR (HOMA-IR) method
was used for IR evaluationwhen this level>2.77 [18]. HOMA-
IR was calculated with the formula: HOMA-IR = insulin
(mIU l − 1) × glucose (mmol l − 1)/22.5.

Liver Ultrasonography. US was performed by a radiolo-
gist (SP) with gastrointestinal (GI) system-based expertise.
Diagnosis according to this method measured the extent of
brightness or diffusely increased echogenicity of the liver
parenchyma, echogenic discrepancy of the liver and the
kidney, and loss echogenicity of portal venous walls [19].
Hepatic steatosis severity was divided into several categories:
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(1) mild steatosis or steatosis grade 1 (S1) as defined by the
presence of bright echoes or increased hepatorenal contrast;
(2)moderate steatosis or S2 as defined by both of the presence
of bright echoes or increased hepatorenal contrast, and severe
steatosis; or (3) S3 included the same criteria as S2 in addition
to the presence of posterior beam attenuation [20].

NAFLD and Liver Stiffness Measurement Using Transient
Elastography. After overnight fasting, all participants had
TE (Fibroscan�, Echosen, Paris) by a single well-trained
nurse (KS). Either a medium (M) or extra-large (XL) probe
according to the recommendation of software was placed
perpendicular to the skin through an intercostal space on
the liver’s right lobe while the patient remained in the
dorsal decubitus position with his/her right arm maximally
abducted. Low-frequency vibrationswere then transmitted to
the skin and induced a shear wave that propagated through
the liver in a spherical manner. The TE measurement was
defined as a successful examination when ≥10 validated
measurements with an interquartile range (IQR)/median
ratio were ≤0.30 [21]. Liver stiffness measurement (LSM) was
measured concurrently with CAP. NAFLD stages 1–3 were
defined if CAP ≥ 236, 270, and 302 dB/m, respectively [22].
Significant and advanced fibroses and cirrhosis were defined
by LSM >7.0, 9.5, and 13.0 kPa, respectively [23–25].

Statistical Analysis. The demographic data was analyzed
using the Student T- and chi-squared tests for normally
distributed continuous and discrete data, respectively. The
Mann-Whitney U test was used for statistical comparison of
nonnormal distributed continuous data. Univariate logistic
regression was performed for the entire population and
variables with a P-value ≤ 0.15 in the univariate analyses (i.e.,
WC, BMI, FBS, biochemical HA, IR, abnormal glucose, TG,
HDL, LDL, and metabolic syndrome) were entered into the
multivariable analyses. A forward stepwise regression with a
P-value < 0.05 was used to develop the final multivariable
models. Adjusted odds ratio (OR) with 95% confidence
interval (CI) for the logistic regression was calculated. The
correlations between the CAP values and hepatic steatosis
grades assessed by US were analyzed by the Spearman’s
correlation coefficient and divided into several categories: (1)
0.00 to 0.25 none or slight; (2) 0.25 to 0.50 fair to moderate;
(3) 0.50 to 0.75 moderate to good; and (4) 0.75 to 1.00 almost
perfect [26]. The receiver-operating characteristic (ROC)
curve with area under the curve (AUC) value was measured
in order to evaluate the diagnostic accuracy of dichotomized
CAP (dCAP) compared to the US (gold standard). The
sensitivity, specificity, and positive and negative predictive
values were calculated. The dCAP value was categorized
as <236 and ≥236 dB/m. A probability value <0.05 (P
<0.05) was considered statistically significant. All statistical
analyses were performed by Stata, version 15.0 (StataCorp
LLC, College Station, TX).

3. Results

Clinical and biochemical characteristics of PCOS and healthy
women and those of women with and without NAFLD are
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Figure 1: Receiver-operating characteristic curve (ROC) analysis of
transient elastography-based controlled attenuation parameter (TE-
CAP) for screening NAFLD in patients with PCOS and NAFLD
diagnosed by hepatic US. ROC, receiver-operating characteristic
curve.

shown in Tables 1 and 2, respectively. The mean ages of
women were not significantly different between women with
(n=31) and without NAFLD (n=32) (28.87 ± 6.05 and 29.01 ±
5.33 years, respectively; p=0.924). Among the variables, those
demonstrating significant difference between the groups with
and without NAFLD were WC (p=<0.001), BMI (p=<0.001),
FBG (p= 0.039), 2hr glucose (p= 0.004), TG (p= 0.001),
HDL-C (p=0.002), HDL-C (p=0.015), and MetS (p=0.027).
Interestingly, the presence of PCOS, HA, and metabolic
parameters for IR was not significantly different between
women with and without NAFLD.

Results from a univariate binary logistic regression for the
whole group showed thatNAFLDwas significantly associated
with WC >80 cm, BMI ≥25 kg/m2, FBS ≥ 100, biochemical
HA, IR, abnormal glucose, TG, HDL-C <50 mg/dL, LDL-C
>130 mg/dL, and MetS (Table 3). After entering all of these
factors into themultivariate logistic regression, onlyWC (>80
cm) remained significantly associated with the presence of
NAFLD (adjusted odds ratio [aOR] 5.49, 95% confidence
interval [CI]: 1.85–16.26; p <0.001) (Table 4).

Interestingly, TE-based CAP values significantly corre-
lated with steatosis stage as assessed by US (correlation
coefficient 0.696; p <0.001). Based on the ROC curve using
US as the gold standard, the cut-off value of dCAP at ≥236
dB/m for NAFLD yielded a sensitivity and specificity of 84%
and 78%, respectively, with the area under the curve at 0.81
(p <0.001) (Figure 1). Steatosis was detected by US in 31/63
(49.21%) and by TE-based CAP in 33/63 (52.38%) (Table 5).
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Table 1: Baseline characteristics of polycystic ovary syndrome (PCOS) and healthy women.

Characteristics PCOS women
(n=42)

Healthy women
(n=21) Pvalue

Age (years) 27.71 ± 5.23 31.40 ± 5.79 0.013
WC (cm) 84.81 ± 14.70 82.48 ± 12.64 0.537
BMI (kg/ m2) 27.05 ± 6.59 25.79 ± 5.13 0.448
T (ng/mL) 42.36 ± 21.58 30.62 ± 11.32 0.023
SHBG (nmol/L) 36.16 ± 36.67 43.21 ± 24.66 0.043
FAI 8.05 ± 8.17 3.92 ± 4.07 0.009
FBG (mg/dL) 87.17 ± 9.61 84.71 ± 7.94 0.317
2hr Glucose (mg/dL) 112.55 ± 44.62 91.62 ± 25.81 0.052
Insulin (uIU/mL) 20.65 ± 23.35 12.56 ± 10.51 0.136
HOMA-IR 4.51 ± 4.97 2.75 ± 2.51 0.134
AST (U/L) 22.86 ± 7.86 19.52 ± 4.23 0.075
ALT (U/L) 25.62 ± 16.22 23.14 ± 22.06 0.220
𝛾-GT (U/L) 25.02 ± 16.60 20.71 ± 7.85 0.535
ALP (U/L) 68.12 ± 16.97 58.21 ± 18.32 0.615
ALB (g/L) 37.65 ± 2.00 38.07 ± 2.21 0.457
TG (mg/dL) 104.31 ± 71.94 84.71 ± 36.59 0.246
TC (mg/dL) 199.0 ± 38.67 205.48 ± 34.53 0.519
HDL-C (mg/dL) 50.76 ± 13.69 50.86 ± 10.88 0.978
LDL-C (mg/dL) 134.00 ± 35.47 141.05 ± 32.06 0.446
TSH (uIU/mL) 1.83 ± 0.93 1.70 ± 0.93 0.607
PRL (ng/mL) 17.13 ± 9.54 23.54 ± 17.37 0.127
FSH (mIU/mL) 4.11 ± 1.51 4.06 ± 1.53 0.898
Metabolic syndrome (n,%) 6 (14.29) 3 (14.29) 1.000
Note: WC, waist circumference; BMI, body mass index; T, total testosterone; SHBG, sex hormone-binding globulin; FAI, free androgen index; FBG, fasting
blood glucose; HOMA-IR, homeostatic model assessment of insulin resistance; AST, aspartate; ALT, alanine aminotransferase; 𝛾-GT, 𝛾-glutamyltransaminase;
ALP, alkaline phosphatase; ALB, albumin; TG, total cholesterol; TC, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TSH, thyroid-stimulating hormone; PRL, prolactin; FSH, follicle-stimulating hormone; PCOS, polycystic ovary syndrome. P<0.05 was considered
statistically significant. Values are expressed as mean±SD or number, percentage (n,%).

Remarkably, NAFLDwas detected by TE-basedCAP in seven
(21.88%) women with normal US findings. On the contrary,
it was detected by US in five (16.67%) women with TE-
based CAP <236 dB. The discordant rate of the stage of
steatosis categorized by US and TE-based CAP was 42.86%.
The average BMI and WC of women in the concordant
and discordant groups (n=36 and 27, respectively) were
significantly different (24.76 ±5.41 kg/cm2 and 79.75±12.97
cm and 29.12± 6.23 kg/cm2 and 89.74±13.45 cm, respectively;
p=0.004 for both BMI and WC).

In addition, two women with PCOS had significant
fibrosis as defined by LSM of 7.4 and 7.6 kPa. One of them had
steatosis detected by both US and TE-based CAP (291 dB/m)
but it was not present in the other one after assessment via
both techniques. Both of themwere referred to a GI internist,
and strict lifestyle modifications were suggested.

4. Discussion

NAFLD is manifested by many metabolic factors similar to
PCOS, such as MetS, hyperinsulinemia, and IR. Based on the
present study, abdominal obesity, as defined by a WC >80

cm, was the predictive factor for NAFLD as assessed by US
among both PCOS and healthy women. The correlation and
accuracy of TE-based CAP for NAFLD detection were nearly
equal to US, but TE provides an advantage over the US for
concurrently identifying significant liver fibrosis during CAP
assessment.

Abdominal obesity (WC ≥ 80 cm), but neither the total
body fat nor the presence of PCOS, was an essential key for
the presence of NAFLD in our PCOS and healthy women.
The magnitude of OR for the strength of the association
of WC and NAFLD from our study was about 5-fold with
high precision level. The results of our study parallel those
from Petta et al.’s study in PCOS women [27] although the
assessment tool for NAFLD was different from ours. We
detected NAFLD by US, whereas they defined NAFLD when
the hepatic steatosis index was >36. Cerda et al. [28] and
Zhang et al. [29] demonstrated the significance of abdominal
obesity for the presence of steatosis in women with PCOS
by using the waist-to-hip (WHR) ratio, which is the other
anthropometric parameter indicating abdominal obesity.
Both WC andWHR are the simple anthropometric variables
for prediction of the presence of visceral or abdominal
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Table 2: Baseline characteristics of women with and without NAFLD assessed by abdominal ultrasonography (US).

Characteristics NAFLD
(n=31)

No NAFLD
(n=32) P-value

Age (years) 28.87 ± 6.05 29.01 ± 5.33 0.924
WC (cm) 91.19 ± 13.89 77.09 ± 10.18 <0.001
BMI (kg/ m2) 29.86 ± 6.06 23.49 ± 4.35 <0.001
T (ng/mL) 37.71 ± 18.46 39.16 ± 20.73 0.771
SHBG (nmol/L) 34.34 ± 40.78 42.55 ± 23.44 0.329
FAI 8.42 ± 8.83 4.98 ± 5.02 0.061
FBG (mg/dL) 88.74 ± 10.06 84.03 ± 7.51 0.039
2hr Glucose (mg/dL) 120.19 ± 46.83 91.41 ± 27.02 0.004
Insulin (uIU/mL) 19.96 ± 11.99 16.02 ± 25.98 0.445
HOMA-IR 4.49 ± 2.91 3.37 ± 5.41 0.315
AST (U/L) 21.55 ± 6.45 21.94 ± 7.61 0.828
ALT (U/L) 25.45 ± 13.21 24.16 ± 22.25 0.781
𝛾-GT (U/L) 24.90 ± 9.60 22.31 ± 17.89 0.479
ALP (U/L) 65.87 ± 15.49 63.79 ± 20.18 0.649
ALB (g/L) 37.31 ± 2.02 38.26 ± 2.03 0.067
TG (mg/dL) 124.45 ± 76.09 71.94 ± 29.65 0.001
TC (mg/dL) 209.06 ± 35.14 193.50 ± 38.05 0.097
HDL-C (mg/dL) 45.81 ± 12.13 55.63 ± 11.53 0.002
LDL-C (mg/dL) 146.87 ± 35.47 126.16 ± 30.25 0.015
TSH (uIU/mL) 2.01 ± 1.04 1.57 ± 0.75 0.056
PRL (ng/mL) 21.29 ± 15.03 17.31 ± 10.34 0.223
FSH (mIU/mL) 3.96 ± 1.69 4.22 ± 1.31 0.492
PCOS (n,%) 22 (71.00) 20 (62.50) 0.476
Metabolic syndrome (n,%) 8 (25.81) 1 (3.13) 0.027
Note: WC, waist circumference; BMI, body mass index; T, total testosterone; SHBG, sex hormone-binding globulin; FAI, free androgen index; FBG, fasting
blood glucose; HOMA-IR, homeostatic model assessment of insulin resistance; AST, aspartate; ALT, alanine aminotransferase; 𝛾-GT, 𝛾-glutamyltransaminase;
ALP, alkaline phosphatase; ALB, albumin; TG, total cholesterol; TC, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TSH, thyroid-stimulating hormone; PRL, prolactin; FSH, follicle-stimulating hormone; PCOS, polycystic ovary syndrome. P <0.05 was considered
statistically significant. Values are expressed as mean±SD or number, percentage (n,%).

fat [14]. Many highly technological techniques, including
dual energy X-ray absorptiometry (DEXA), computerized
tomography (CT) scan, and magnetic resonance imaging
(MRI) have been reported for directly detecting visceral
fat/adiposity [30–32]. Previous data have shown that WC
correlated with visceral fat deposit as assessed by CT [33].
Moreover, visceral adiposity has been demonstrated for its
association with fatty liver in many studies [31–33]. Eguchi
et al. and Park et al. showed that visceral fat accumulation
as detected by CT-scan correlated with the severity of fatty
liver as assessed by US in Japanese subjects and by liver
tissue from healthy living donors, respectively [32]. Van der
Poorten et al. showed that the visceral fat as evaluated by
magnetic resonance imaging (MRI) may be a predictor for
hepatic fibrosis [31]. Vassilatou et al. showed a role for the
visceral adiposity index (VAI) in NAFLD detection [34].
Additionally, we confirmed the significance of central obesity
on NASH development as previously demonstrated in Thai
patients shown in Sobhonslidsuk et al.’s study [30]. Additional
studies focusing on visceral adiposity in NAFLD using
high technology (such as dual energy X-ray absorptiometry

[DEXA], computed tomography [CT] scan, or MRI) would
be required to directly reveal the pathogenesis of this disease.
Visceral adipositymay increase free fatty acid flow to the liver
resulting in the accumulation of fat and alterations in insulin
sensitivity.

HA and IR were not independent factors for NAFLD in
our study. Our results were incompatible with the studies
performed by Vassilatou et al. [10], Kim et al. [12], and Cai
et al. [35]. Criteria for PCOS diagnosis and the participants’
characteristics may have influenced the outcomes. In a study
performed by Vassilatou [36] Androgen Excess PCOS (AE-
PCOS) criteria were used and demonstrated the predictors as
FAI and a decrease in SHBG and HOMA-IR, but the same
researchers in 2018 identified VAI as a predictive factor for
PCOS diagnosis after using the Rotterdam criteria [34]. Since
the AE-PCOS criteria require patient to have either clinical
or biochemical HA, the Rotterdam criteria require two out
of three parameters (HA and US-based PCOM findings and
oligomenorrhea) to diagnosis PCOS in which some patients
might not present with HA. Subjects in the NAFLD group
of Kim’s and Cai’s studies had higher blood glucose levels,
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Table 3: Univariate analysis of various factors for NAFLD assessed by abdominal US in women with and without NAFLD.

Factors No NAFLD
n(%)

NAFLD
n(%)

Odd ratios 95 %CI P-value

WC
≤ 80 21(72.41) 8(27.59) 1 - 0.002
> 80 11(32.35) 23(67.65) 5.49 1.66- 18.11

BMI
< 25 20(68.97) 9(31.03) 1 - 0.008
≥ 25 12(35.29) 22(64.71) 4.07 1.32- 12.60

FBS
< 100 31(54.39) 26(45.61) 1 - 0.104
≥ 100 1(16.67) 5(83.33) 5.96 0.61- 58.51

2 hrs Glucose
< 140 29(52.73) 26(47.27) 1 - 0.474
≥ 140 3(37.50) 5(62.50) 1.86 0.40-8.73

Biochemical HA
No 25(59.52) 17(40.48) 1 - 0.064
Yes 7(33.33) 14(66.67) 2.94 0.94-9.20

Clinical HA
No 19(59.38) 13(40.63) 1 - 0.166
Yes 13(41.94) 18(58.06) 2.02 0.72-5.65

Total HA
No 16(64.00) 9(36.00) 1 - 0.123
Yes 16(42.11) 22(57.89) 2.44 0.83-7.15

Insulin Resistance(IR)
No 21(63.64) 12(36.36) 1 - 0.045
Yes 11(36.67) 19(63.33) 3.02 1.03-8.85

Abnormal Glucose
No 28(60.87) 18(39.13) 1 - 0.015
IGT 4(28.57) 10(71.43) 3.89 0.99-15.23
DM 0(0.00) 3(100.00) 4.55 0.48-43.07

TG
< 150 31(55.36) 25(44.64) 1 - 0.053
≥ 150 1(14.29) 6(85.71) 7.44 0.76-72.47

HDL
< 50 10(31.25) 22(68.75) 5.38 1.65-17.56 0.002
≥ 50 22(70.97) 9(29.03) 1 -

LDL
≤ 130 19(63.33) 11(36.67) 1 - 0.058
> 130 13(39.39) 20(60.61) 2.66 0.92-7.66

Metabolic Syndrome
No 31(57.41) 23(42.59) 1 - 0.013
Yes 1(11.11) 8(88.89) 10.78 1.09-106.31

PCOS 0.479
No 12(57.14) 9(42.86) 1 -
Yes 20(47.62) 22(52.38) 1.47 0.50-4.27
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Table 4:Multivariate logistic regression analysis of risk factors for NAFLD as assessed by abdominal US in womenwith and without NAFLD.

Univariate Multivariate
OR 95% CI P-value aOR 95% CI P-value

WC (cm)
>80 5.49 1.66–18.11 0.002 5.49 1.85-16.26 <0.001
≤80

Note: WC: waist circumference, HDL-C: high-density lipoprotein cholesterol, BMI: body mass index, OR: odds ratio, aOR: adjusted odds ratio, and 95% CI:
95% confidence interval.

Table 5: Stage of NAFLD detected by US and TE in PCOS and healthy women.

Detected by US (N, % of total) (n=31)
Detected by TE (N, % of total) (n=33) No steatosis Steatosisgrade 1 Steatosisgrade 2 Steatosisgrade 3 Total(n=63)
No 25 5 0 0 30
NAFLD (39.68) (7.94) (0) (0) (47.62)
NAFLD 5 8 0 0 13
Stage 1 (7.94) (12.70) (0) (0) (20.63)
NAFLD 1 4 1 1 7
Stage 2 (1.59) (6.35) (1.59) (1.59) (11.11)
NAFLD 1 3 7 2 13
Stage 3 (1.59) (4.76) (11.11) (3.17) (20.63)
Total 32 20 8 3 63
(n=63) (50.79) (31.75) (12.70) (4.76) (100)

HOMA scores, FAI, and serumALT than those in the control
group, which is different from our study [12, 35]. These
parameters were not significantly different between women
with and without NAFLD in our study.

PCOS presence is controversial for its predictive role
in NAFLD. We found no significant effects of PCOS on
NAFLD, which is consistent with the study performed by
Bohdanowicz-Pawlak et al. [37]. The Rotterdam criteria and
US were used for PCOS and NAFLD diagnoses, respectively,
in both our and their studies. However, in a large longitudinal
cohort study conducted in the United Kingdom by Kumaren-
dran et al., it was demonstrated that women with PCOS had
an increased rate of NAFLD with a hazard ratio of 2.23.
However, several limitations in the Kumarendran study were
found, including the incompleteness of data record, unknown
criteria for diagnosis of PCOS and NAFLD, and the uncer-
tainty of the recording method for clinical presentation [38].

The present study demonstrated moderate-to-good cor-
relation between TE-based CAP value and steatosis stage as
detected by US and high diagnostic accuracy, sensitivity, and
specificity of TE-based CAP for detecting NAFLD based on
US. US is used and acceptable in the clinic for detecting fatty
liver. However, the availability of a radiologist with expertise
inGI system and reliability for assessment steatosis if<20%of
fat accumulation can be major limitations [39, 40]. TE-based
CAP, a new algorithm measuring total US attenuation at the
central frequency of the TE probe, strongly correlated with
liver fat accumulation in another study [41]. The correlation
between TE-based CAP values and stage of steatosis based on
US based on the present study was consistent with studies by
Yen et al. and Ferraioli et al. [42]. Our results showed good
sensitivity and specificity of TE-based CAP compared to US,

which was parallel to the recent study done by Ferraioli et al.
although they examined pediatric patients and used a CAP
cut-off value of 249 dB/m for steatosis diagnosis [43].

A disagreement with respect to steatosis stage as detected
by TE-based CAP andUSwas demonstrated in our study and
was related to obesity. US has detection limitations when fat
accumulation <20% [39] or elevated BMI (>40 kg/m2) [44].
Obesity is not only an obstacle for US but also TE-based CAP
for steatosis detection. The increase in skin capsular distance
and tissue between skin and liver epidermis results in an error
for detecting steatosis based on CAP [45]. TE-based CAP
detected many more subjects with steatosis than US based
on our study. However, it is not possible to conclude whether
TE-based CAP overestimated or US underestimated NAFLD
because we lacked liver biopsy (gold standard) results for
comparison.

Some limitations were present in our study. We did not
perform any liver biopsies, the gold standard for NAFLD
diagnosis, but it is unrealistic to do liver biopsies in young
women with PCOS because of the method’s invasiveness.
Moreover, sampling error and requirements for highly
trained physicians and pathologists introduced another dis-
advantage. However, we minimized the errors as much as
possible using US performed by a radiologist with significant
experience in GI system following the standard TE protocol
for NAFLD diagnosis written by the Echosen company with
regular machine inspections and validation.

5. Conclusions

Due to the wide-spectrum of the disease from simple steato-
sis to hepatocellular carcinoma and the currently limited
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effective treatments, the most important factor for NAFLD
management was shown to be early detection and prevention
of disease progression. Abdominal obese patients, whether
or not they have PCOS, are at risk for NAFLD. TE is an
alternative useful and realistic tool for NAFLD detection and
concurrent identification of hepatic fibrosis in patients with
PCOS.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors have no conflicts of interest in connection with
this article.

Acknowledgments

The authors thank Ms Umaporn Udomsubpayakul for statis-
tical assistance. This work was supported by the Faculty of
Medicine, Ramathibodi Hospital, Mahidol University.

References

[1] N. Chalasani, Z. Younossi, J. E. Lavine et al., “The diagnosis and
management of non-alcoholic fatty liver disease: practice guide-
line by the american gastroenterological association, american
association for the study of liver diseases, and american college
of gastroenterology,” Gastroenterology, vol. 142, no. 7, pp. 1592–
1609, 2012.

[2] “EASL-EASD-EASO Clinical Practice Guidelines for the man-
agement of non-alcoholic fatty liver disease,” Diabetologia, vol.
59, no. 6, pp. 1121–1140, 2016.

[3] E. E. Powell, W. G. E. Cooksley, R. Hanson et al., “The natural
history of nonalcoholic steatohepatitis: a follow-up study of
forty-two patients for up to 21 years,” Hepatology, vol. 11, no. 1,
pp. 74–80, 1990.

[4] K. Tziomalos, V. G. Athyros, and A. Karagiannis, “Non-
alcoholic fatty liver disease in type 2 diabetes: pathogenesis and
treatment options,” Current Vascular Pharmacology, vol. 10, no.
2, pp. 162–172, 2012.

[5] V. Ratziua, S. Bellentanib, H. Cortez-Pintoc, C. Day, and G.
Marchesini, “A position statement on NAFLD/NASH based on
the EASL 2009 special conference,” Journal of Hepatology, vol.
53, no. 2, pp. 372–384, 2010.

[6] I. Sporea, A. Popescu, D. Dumitras,cu et al., “Nonalcoholic fatty
liver disease: Status quo,” Journal of Gastrointestinal and Liver
Diseases, vol. 27, no. 4, pp. 439–448, 2018.

[7] S. Lv, S. Jiang, S. Liu, Q.Dong, Y. Xin, and S. Xuan, “Noninvasive
quantitative detection methods of liver fat content in nonalco-
holic fatty liver disease,” Journal of Clinical and Translational
Hepatology, vol. 6, no. 2, pp. 217–221, 2018.

[8] R. P. Kauffman, T. E. Baker, V. Baker,M.M. Kauffman, andV. D.
Castracane, “Endocrine factors associated with non-alcoholic
fatty liver disease in women with polycystic ovary syndrome:
Do androgens play a role?”Gynecological Endocrinology, vol. 26,
no. 1, pp. 39–46, 2009.

[9] A. Markou, I. I. Androulakis, C. Mourmouris et al., “Hepatic
steatosis in young lean insulin resistant women with polycystic
ovary syndrome,” Fertility and Sterility, vol. 93, no. 4, pp. 1220–
1226, 2010.

[10] E. Vassilatou, S. Lafoyianni, A. Vryonidou et al., “Increased
androgen bioavailability is associated with non-alcoholic fatty
liver disease in women with polycystic ovary syndrome,”
Human Reproduction, vol. 25, no. 1, pp. 212–220, 2010.

[11] H. Kahal, G. Abouda, A. S. Rigby, A. M. Coady, E. S. Kilpatrick,
and S. L. Atkin, “Glucagon-like peptide-1 analogue, liraglutide,
improves liver fibrosis markers in obese women with polycystic
ovary syndrome and nonalcoholic fatty liver disease,” Clinical
Endocrinology, vol. 81, no. 4, pp. 523–528, 2014.

[12] J. J. Kim, D. Kim, J. Y. Yim et al., “Polycystic ovary syndrome
with hyperandrogenism as a risk factor for non-obese non-
alcoholic fatty liver disease,” Alimentary Pharmacology &Ther-
apeutics, vol. 45, no. 11, pp. 1403–1412, 2017.

[13] Rotterdam ESHRE/ASRM-Sponsored PCOS ConsensusWork-
shopGroup, “Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome,”
Human Reproduction, vol. 81, no. 1, pp. 19–25, 2004.

[14] World Health Organization, “Waist Circumference and Waist-
Hip Ratio,” in Report of a WHO Expert Consultation, World
Health Organization, Geneva, Switzerland, 2008.

[15] M. Jonathan and S. Barek, “Hyperandrogenism,” in Berek &
Norvak’s Gynecology, Lippincott Williams & Wilkins, Philadel-
phia, USA, 2012.

[16] K. Techatraisak and T. Kongkaew, “The association of hype-
ruricemia and metabolic syndrome in Thai postmenopausal
women,” Climacteric, vol. 20, no. 6, pp. 552–557, 2017.

[17] WHO Expert Consultation, “Appropriate body-mass index for
Asian populations and its implications for policy and interven-
tion strategies,”TheLancet, vol. 363, no. 9403, pp. 157–163, 2004.

[18] Q. Wang, T. Guo, Y. Tao, Y. Song, and W. Huang, “Association
between serum adipocyte factor level and insulin resistance in
polycystic ovarian syndrome,”Gynecological Endocrinology, vol.
27, no. 11, pp. 931–934, 2011.

[19] L. Needleman, A. B. Kurtz, M. D. Rifkin, H. S. Cooper, M. E.
Pasto, and B. B. Goldberg, “Sonography of diffuse benign liver
disease: accuracy of pattern recognition and grading,”American
Journal of Roentgenology, vol. 146, no. 5, pp. 1011–1015, 1986.

[20] S. Dasarathy, J. Dasarathy, A. Khiyami, R. Joseph, R. Lopez,
and A. J. McCullough, “Validity of real time ultrasound in the
diagnosis of hepatic steatosis: a prospective study,” Journal of
Hepatology, vol. 51, no. 6, pp. 1061–1067, 2009.

[21] K. S. Jung and S. U. Kim, “Clinical applications of transient
elastography,” Clinical and Molecular Hepatology, vol. 18, no. 2,
pp. 163–173, 2012.

[22] K. Imajo, T. Kessoku, Y. Honda et al., “Magnetic resonance
imaging more accurately classifies steatosis and fibrosis in
patients with nonalcoholic fatty liver disease than transient
elastography,” Gastroenterology, vol. 150, no. 3, pp. 626–637.e7,
2016.

[23] V. W.-S. Wong, J. Vergniol, G. L.-H. Wong et al., “Diagnosis
of fibrosis and cirrhosis using liver stiffness measurement in
nonalcoholic fatty liver disease,” Hepatology, vol. 51, no. 2, pp.
454–462, 2010.

[24] J. Pongpit, S. Porntharukchareon, P. Kaewduang et al., “Liver
stiffness measurement in psoriasis: do metabolic or disease
factors play the important role?”BioMedResearch International,
vol. 2016, Article ID 7963972, 6 pages, 2016.



BioMed Research International 9

[25] M. A. M. Berends, J. Snoek, E. M. G. J. De Jong et al.,
“Biochemical and biophysical assessment ofMTX-induced liver
fibrosis in psoriasis patients: fibrotest predicts the presence and
Fibroscan� predicts the absence of significant liver fibrosis,”
Liver International, vol. 27, no. 5, pp. 639–645, 2007.

[26] T. Colton, Statistics in Medicine, Little, Brown and Company,
Boston, Mass, USA, 1974.

[27] S. Petta, A. Ciresi, J. Bianco et al., “Insulin resistance and
hyperandrogenism drive steatosis and fibrosis risk in young
females with PCOS,” PLoS ONE, vol. 12, no. 11, p. e0186136, 2017.
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