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Abstract

Surrogate indexes of visceral adiposity, a major risk factor for metabolic and

cardiovascular disorders, are routinely used in clinical practice because objective

measurements of visceral adiposity are expensive, may involve exposure to

radiation, and their availability is limited. We compared several surrogate indexes of

visceral adiposity with ultrasound assessment of subcutaneous and visceral

adipose tissue depots in 99 young Caucasian adults, including 20 women without

androgen excess, 53 women with polycystic ovary syndrome, and 26 men. Obesity

was present in 7, 21, and 7 subjects, respectively. We obtained body mass index

(BMI), waist circumference (WC), waist-hip ratio (WHR), model of adipose

distribution (MOAD), visceral adiposity index (VAI), and ultrasound measurements

of subcutaneous and visceral adipose tissue depots and hepatic steatosis. WC and

BMI showed the strongest correlations with ultrasound measurements of visceral

adiposity. Only WHR correlated with sex hormones. Linear stepwise regression

models including VAI were only slightly stronger than models including BMI or WC

in explaining the variability in the insulin sensitivity index (yet BMI and WC had

higher individual standardized coefficients of regression), and these models were

superior to those including WHR and MOAD. WC showed 0.94 (95% confidence

interval 0.88–0.99) and BMI showed 0.91 (0.85–0.98) probability of identifying the

presence of hepatic steatosis according to receiver operating characteristic curve
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analysis. In conclusion, WC and BMI not only the simplest to obtain, but are also

the most accurate surrogate markers of visceral adiposity in young adults, and are

good indicators of insulin resistance and powerful predictors of the presence of

hepatic steatosis.

Introduction

Visceral adiposity is associated with cardiovascular and metabolic disorders [1]

including insulin resistance [2], low-grade chronic inflammation [3], type 2

diabetes [4], dyslipidemia [5], polycystic ovary syndrome (PCOS) [6], male

hypogonadism [7], nonalcoholic fatty liver disease [8], hypertension [9] and

several cancers [10]. Amelioration of visceral adiposity is of importance for the

prevention and management of most of these disorders [11].

Assessment of visceral adiposity is advised in many situations and is becoming

routine clinical practice nowadays. However, the most accurate measurements of

visceral adiposity – magnetic resonance imaging, computed tomography and

ultrasound – are seldom available for most clinicians, since the imaging

techniques involved are expensive, may involve exposure to radiation, or require

intensive training [12]. Hence, imaging techniques are frequently substituted by

surrogate indexes of visceral adiposity.

Waist circumference (WC) and waist-hip ratio (WHR) are the most commonly

used surrogate indexes of visceral adiposity. In fact, increased WC is a requisite for

the diagnosis of the metabolic syndrome according to the International Diabetes

Federation [13].

Visceral adiposity index (VAI) has been proposed as and indicator of visceral

adipose function and insulin sensitivity that may reflect cardiometabolic risk [14].

This index derived from the study of 315 Italian subjects aged 19–83 yr-old and

presenting with body mass index (BMI) values between 20 and 30 kg/m2, not

having evidence for diabetes mellitus or impaired fasting glucose, high blood

pressure, dyslipidemia, metabolic syndrome and cardiovascular disease [14]. VAI

included a sex-specific model of adipose distribution (MOAD) based on the linear

relationship between WC and body mass index (BMI) in each sex that is corrected

for fat function introducing triglycerides and high-density lipoprotein (HDL)-

cholesterol concentrations into the equation [14]. MOAD showed statistically

significant correlations with the area and volume of visceral adipose tissue

assessed by magnetic resonance imaging is a subset of 26 metabolically healthy

individuals [14]. In a subsequent series of 1,498 primary-care patients, the

number of patients with metabolic syndrome, diabetes, high blood pressure,

dyslipidemia, coronary heart disease and cerebrovascular disease increased

significantly across VAI quintiles in parallel with the increase in age [14].

Moreover, in a mixed series of 74 patients with type 1 diabetes, type 2 diabetes,

nonalcoholic fatty liver disease and PCOS, VAI correlated negatively with glucose
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disposal rate M-values during a euglycemic hyperinsulinemic clamp, whereas WC

and BMI did not [14].

However, the application of the VAI in different populations and in clinical

series of patients with metabolic disorders such as nonalcoholic fatty liver disease,

obstructive sleep apnea and PCOS yielded conflicting results regarding its role as

marker of abdominal adiposity, insulin resistance and risk of disease [15–22].

We aimed to evaluate WC, WHR, MOAD and VAI as surrogate indexes of

visceral adiposity, objectively assessed by ultrasound examination in young adults

including healthy women, women with PCOS, and healthy men, presenting with

or without obesity.

Subjects and Methods

1. Subjects

This study derived from a previous work aiming to assess global and visceral

adiposity in women with PCOS [23]. Ninety-nine young Caucasian adults,

including 20 women without androgen excess, 53 women with PCOS, and 26 men

were included in the present analysis of the data. Seven control women, 21 PCOS

patients and 7 men presented with obesity as defined by a body mass index (BMI)

§30 kg/m2 [24]. We included patients with PCOS in addition to non-obese and

obese healthy women and men to include a subset of patients with global and

abdominal adiposity and insulin resistance, because PCOS associates these

disorders irrespective of obesity [23].

PCOS was defined by the presence of ovulatory dysfunction together with

clinical hyperandrogenism and/or hyperandrogenemia, after exclusion of specific

etiologies [25]. All the patients suffered the classic hyperandrogenic PCOS

phenotype and, even when ovarian morphology was not analyzed, by having

hyperandrogenism and oligoovulation all patients also fulfilled all the current

definitions of PCOS [25–27]. On the contrary, we considered as controls, women

presenting without menstrual and ovulatory dysfunction and who had no

evidence of androgen excess. The methods and assays used to diagnose in the

patients and to exclude hyperandrogenic disorders in healthy women have been

described in detail elsewhere [23, 28, 29] and, besides extensive hormonal testing,

included a standard 2-h 75 g oral glucose tolerance test that permitted the

calculation of the composite insulin sensitivity index from glucose and insulin

concentrations [30]. Total body fat mass was estimated using a body fat monitor

(Omron BF 300, Omron Corp., Kyoto, Japan) and was expressed as percentage of

total body mass.

None of the subjects had received treatment with any drug known to interfere

with sex hormone secretion and metabolism such as oral contraceptives,

antiandrogens or insulin sensitizers for the previous 6 months. Written informed

consent was obtained from all the adult participants. Minors gave verbal consent

that was confirmed in writing and in their behalf by their legal guardians. The
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study and the informed consent procedures were approved by the Ethics

Committee of Hospital Universitario Ramón y Cajal.

2. Surrogate indexes of visceral adiposity

We used a non-stretchable measuring tape to measure waist and hip

circumferences. The smallest abdominal circumference between the lowest rib and

the iliac crest was used as WC. WHR was calculated by dividing WC by the hip

circumference at the level of greater trochanters. MOAD was calculated according

to the following formulae:

{ Men : MOAD ~ WC = 39:68 z 1:88 | BMIð Þ½ �

{ Women : MOAD ~ WC = 36:58 z 1:89 | BMIð Þ½ �

and VAI was then calculated as:

{ Men : VAI ~ MOAD | Tg = 1:03ð Þ| 1:31=HDLð Þ

{ Women : VAI ~ MOAD | Tg = 0:81ð Þ| 1:52 = HDLð Þ

where WC was introduced in cm and BMI was introduced in kg/m2, Tg were

triglycerides levels in mmol/l, and HDL were high-density lipoprotein cholesterol

concentrations in mmol/l.

3. Ultrasound assessment of adipose tissue depots

In experienced hands, ultrasonography is a precise and reliable method for

evaluation of visceral fat, showing an excellent correlation and concordance with

CT scan [31–33]. Adipose tissue depots were estimated using a Toshiba Nemio

XG SSA-580A Diagnostic Ultrasound System (Toshiba Medical Systems S.A.,

Alcobendas, Madrid, Spain) by an experienced sonographer who was blinded for

the PCOS status of the women studied here.

Subjects were examined in the fasting state and in the supine position, and were

asked to hold their breath during the examination while the frozen images were

taken, to avoid the influence of the respiratory status or abdominal wall tension.

Special care was taken to keep the probe just touching the skin to prevent

compression of the fat layers.

Minimum and maximum subcutaneous, preperitoneal, intraperitoneal,

mesenteric, epicardial and perirenal adipose tissue thicknesses were measured as

described [23]. Three measures of intraperitoneal fat thickness were obtained:

distance from the fascia of rectus abdominis muscle to vertebral column, distance

from peritoneum to vertebral column, and distance from linea alba to vertebral

column. Mesenteric fat thickness was measured as described by Liu et al. [34] and

perirenal fat thickness was estimated as the distance from the perirenal fascia to

the renal surface on a long-axis view of the right kidney. Finally, epicardial fat

thickness was measured in the free wall of the right ventricle from still images
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obtained by two-dimensional transthoracic echocardiography using a 3 MHz

transducer, as described by Ahn et al. [35]. Mediastinal fat presenting as an echo-

lucent area above the parietal pericardium was excluded from the measurement.

Values obtained in long-axis and short axis view were similar and, hence, only

values obtained from long-axis views were submitted to statistical analysis. For

each ultrasound measurement of fat thickness, intra-operator coefficients of

variation (CVs) were calculated by repeating 20 measurements in a single

individual. Four cycles of five consecutive measurements, separated at 10 minutes

intervals, were used to calculate CVs. The CVs were 4.5% for the distances from

rectus abdominis and linea alba to vertebral column, 4.9% for the distance

between peritoneum to vertebral column, 5.8% for preperitoneal visceral fat, 6.6%

for minimum and 5.9% for maximum subcutaneous adipose tissue thickness,

9.8% for perirrenal fat, and 15.5% mesenteric fat (15%), which was the only

measurement of fat thickness showing a coefficient of variation above 10%.

4. Ultrasound assessment of hepatic steatosis

Hepatic steatosis was estimated using a 3.5-MHz transducer as described by

Saadeh et al. [36] Hepatic steatosis was diagnosed when the echogenicity of the

liver was higher than the echogenicity of the right kidney, and graded as follows:

grade 0, normal echogenicity; grade 1, slight, diffuse increase in fine echoes in liver

parenchyma with normal visualization of diaphragm and intrahepatic vessel

borders; grade 2, moderate, diffuse increase in fine echoes with slightly impaired

visualization of intrahepatic vessels and diaphragm; grade 3, marked increase in

fine echoes with poor or nonvisualization of the intrahepatic vessel borders,

diaphragm, and posterior right lobe of the liver.

5. Statistical analysis

Nominal and ordinal variables were analyzed by Pearson’s x2 test. Continuous

variables are reported as means ¡ SD (range) in the text or as means ¡ SEM in

the figures. The Kolmogorov-Smirnov statistic was applied to continuous

variables. We applied logarithmic or square-root transformations as needed to

ensure normal distribution of the variables. Relationships between the surrogate

indexes of visceral adiposity with the thickness of the different adipose tissue

depots and other clinical and biochemical variables were analyzed by Pearson’s

correlation analysis.

Differences in phenotypic variables among men, women and patients with

PCOS were analyzed by univariate one-way general linear models (GLMs).

Surrogate markers of visceral adiposity were tested by univariate two-way GLMs

in which group of subjects and presence or absence of obesity were introduced as

independent variables. A two-way GLM is a statistical model where changes in a

continuous and normally distributed dependent variable are explained by a linear

combination of functions of several independent explanatory variables (group of

subjects and obesity in our study). In essence, a two-way GLM is similar to two-
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way analysis of variance, although the computational background of both tests is

entirely different. The two-way GLM would test if there are differences according

to one or both dependent variables, and/or if there is an interaction indicating

that the effect of one of the independent variables on the dependent variable is not

the same at all levels of the other independent variable (i.e., that the effect of

obesity on a dependent variable is not the same in men, control women and

patients with PCOS). Given that obesity was included as one of the dependent

variables, and that the groups of subjects were not different in terms of BMI, the

impact of both obesity and BMI was automatically considered by the GLM when

analyzing differences between men, control women and patients with PCOS.

Hence, BMI was not introduced as dependent variable in these comparisons. Also,

in these GLMs age was introduced as a covariate to control for a difference in age

among patients with PCOS and the other groups.

One-way GLMs were used to explore differences in surrogate indexes of visceral

adiposity and BMI in subjects depending on the grade of hepatic steatosis. Only

when univariate GLMs showed differences among the group of subjects, pairwise

comparisons among the three groups of individuals were analyzed by the least

significant difference test for post-hoc comparisons. Correlation and multiple

linear regression analyses were conducted as described below. Receiver operating

characteristic curve (ROC) analysis was used to assess the accuracy of surrogate

indexes of visceral adiposity as diagnostic predictors of the presence or absence of

hepatic steatosis. We used SPSS Statistics 17.0 (SPSS Ibérica, Madrid, Spain) and

set a50.05 as the level of statistical significance for all the analyses.

Results

1. Clinical, hormonal and metabolic variables in healthy women,

patients with PCOS and men

Obesity was present in 7 of the 20 control women, 21 of the 53 women with

PCOS, and in 7 of the 26 men (x251.232, P50.540). No differences among them

were found for BMI [control women: 26¡7 (17–38) kg/m2; PCOS patients: 30¡9

(19–52) kg/m2; men: 30¡9 (22–56) kg/m2, P50.214]. Patients with PCOS were

younger compared with control women and men [control women: 30¡5 (20–38)

yr; PCOS patients: 25¡6 (14–39) yr; men: 33¡5 (24–41) yr, P,0.001].

Therefore, age was introduced as a covariate in the comparisons of all other

variables.

The clinical, metabolic and hormonal characteristics of the three groups of

subjects compared in the study are summarized in Table 1. When expressed as

percentage of total body mass, the higher fat mass was observed in women with

PCOS followed by control women and finally men.

Systolic blood pressure was higher in men compared with both groups of

women, whereas diastolic blood pressure was increased in men only when

compared with control women. The hirsutism score was increased in patients with

PCOS compared with control women. Total and free testosterone concentrations
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were higher in men compared with control women with patients with PCOS

presenting with intermediate values that were increased compared with control

women. Opposite changes were found for serum estradiol concentrations. Sex

hormone-binding globulin concentrations were reduced in men compared with

both groups of women. Dehydroepiandrosterone-sulfate concentrations were

similar in all the groups but androstenedione levels were increased in patients with

PCOS compared with both control women and men.

Regarding metabolic and inflammatory variables, fasting glucose concentra-

tions were similar in the three groups of subjects, whereas fasting insulin levels

Table 1. Clinical, metabolic and hormonal variables in control women, patients with polycystic ovary syndrome (PCOS) and men.

Control women PCOS patients Men P

(n525) (n555) (n526)

Systolic blood pressure (mmHg)* 110 ¡ 9 114 ¡ 14 130 ¡ 15 ,0.001

Diastolic blood pressure (mmHg){ 72 ¡ 8 74 ¡ 10 80 ¡ 10 0.003

Total body fat mass (%)*,{ 29 ¡ 11 33 ¡ 9 25 ¡ 9 ,0.001

Hirsutism score{ 1.8 ¡ 1.4 9.8 ¡ 5.9 NA ,0.001

Total testosterone (nmol/l)*,{ 1.7 ¡ 0.5 2.2 ¡ 0.9 17.6 ¡ 6.2 ,0.001

Free testosterone (pmol/l)*,{ 24 ¡ 10 38 ¡ 21 413 ¡ 111 ,0.001

SHBG (nmol/l)* 49 ¡ 18 41 ¡ 23 27 ¡ 11 ,0.001

DHEAS (mmol/l) 6.2 ¡ 3.4 6.8 ¡ 3.1 6.3 ¡ 2.2 0.652

Androstenedione (nmol/l){,1 9.4 ¡ 3.5 12.9 ¡ 4.5 9.1 ¡ 3.1 0.007

Estradiol (pmol/l)*,{ 305 ¡ 169 169 ¡ 77 117 ¡ 37 ,0.001

Luteinizing hormone (mU/mL)* 5.2 ¡ 1.8 7.3 ¡ 7.1 3.7 ¡ 1.7 0.003

FSH (mU/ml)* 5.7 ¡ 2.1 5.0 ¡ 1.1 3.2 ¡ 1.8 ,0.001

Fasting glucose (mmol/l) 4.9 ¡ 0.6 5.1 ¡ 0.7 5.3 ¡ 0.5 0.097

Fasting insulin (pmol/l){,{ 26 ¡ 17 67 ¡ 76 51 ¡ 40 0.017

Insulin sensitivity index{,{ 10.0 ¡ 4.0 7.3 ¡ 5.1 6.9 ¡ 4.7 0.017

Leukocytes (cells/ml) 6290 ¡ 1350 6853 ¡ 1971 6023 ¡ 1426 0.495

Ferritin (pmol/l)*,{ 92 ¡ 101 135 ¡ 101 369 ¡ 198 ,0.001

Total cholesterol (mmol/l) 4.6 ¡ 0.9 4.8 ¡ 1.3 4.9 ¡ 0.9 0.149

LDL-cholesterol (mmol/l) 2.7 ¡ 0.6 3.0 ¡ 1.1 3.2 ¡ 0.8 0.064

HDL-cholesterol (mmol/l){,{ 1.6 ¡ 0.5 1.3 ¡ 0.3 1.2 ¡ 0.3 0.005

Triglycerides (mmol/l){,{ 0.8 ¡ 0.3 0.9 ¡ 0.4 1.2 ¡ 0.6 0.019

Aspartate aminotransferase (U/L)* 19 ¡ 7 17 ¡ 5 23 ¡ 9 0.002

Alanine aminotransferase (U/L)* 19 ¡ 10 21 ¡ 12 31 ¡ 17 0.013

c-Glutamyltransferase (U/L) 21 ¡ 13 24 ¡ 22 30 ¡ 17 0.104

Alkaline phosphatase (U/L) 61 ¡ 22 70 ¡ 18 66 ¡ 19 0.311

Abbreviations DHEAS, dehydroepiandrosterone-sulfate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NA, not applicable; SHBG, sex
hormone-binding globulin.
Data are means ¡ SD. Data were submitted to univariate general linear models followed by the least significant difference post hoc test. Age was
introduced as a covariate in the comparisons because patients with PCOS were younger compared with control women and men.
* p,0.05 or less for the difference between men and both control women and patients with PCOS.
{ p,0.05 or less for the difference between men and control women.
{ p,0.05 or less for the difference between patients with PCOS and control women.
1 p,0.05 or less for the difference between men and women with PCOS.

doi:10.1371/journal.pone.0114112.t001
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were increased, and the composite insulin sensitivity index derived from an oral

glucose tolerance test was decreased, in both men and patients with PCOS

compared with control women. In patients with PCOS and men, HDL-cholesterol

concentrations were lower and serum triglycerides were higher than those of

control women. Men presented increased transaminases compared with both

groups of women, yet no differences were observed for c-glutamyltransferase and

alkaline phosphatase.

2. Surrogate indexes of visceral adipose tissue in healthy women,

patients with PCOS and men as a function of obesity

The differences in surrogate indexes of visceral adiposity between healthy women,

patients with PCOS and men, and between non-obese and obese subjects, were

larger for waist circumference, followed by WHR, VAI and MOAD (Figure 1).

WC was the index showing the smallest variation in all the groups of subjects

studied here (Figure 1).

All indexes were higher in obese persons compared to non-obese subjects,

irrespective of being healthy women, patients with PCOS or men (Figure 1).

Regarding the comparison between groups, the largest WC and WHR were

observed in men and the smallest were observed in control women, with patients

with PCOS showing intermediate values that were smaller than those for men and

larger than those of control women (Figure 1). Similar findings were observed for

VAI and MOAD, yet VAI failed to reveal any difference between men and patients

with PCOS, and MOAD did not detect any difference between patients with

PCOS and control women (Figure 1).

3. Correlation of surrogate indexes of visceral adiposity with

ultrasound assessment of adipose tissue depots

Of the indexes of visceral adiposity studied here, WC and BMI showed the

strongest correlations with all measurements of visceral fat thickness.

Furthermore, WC and BMI showed also strong correlations with measurements of

subcutaneous and preperitoneal fat thickness (Table 2). Of note, with the

exception of the correlation with epicardial fat thickness, all the correlations of

WC and BMI with subcutaneous and visceral fat thicknesses measured here

showed coefficients of correlation well above 0.5 (Table 2). When considering the

strength of the correlations with ultrasound measurements, WHR took the third

place after WC and BMI, and was followed by VAI and MOAD (Table 2).

4. Correlation of surrogate indexes of visceral adiposity with

clinical and biochemical variables related to the metabolic

syndrome, insulin resistance, low-grade chronic inflammation,

hepatic steatosis and sexual function

Focusing on strong correlations (i.e. coefficient of correlation.0.5), WC

correlated directly with both systolic and diastolic blood pressure, fasting insulin,
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leukocytes count, alanine aminotransferase and c-glutamyltransferase, and

negatively with the composite insulin sensitivity index (Table 3). BMI correlated

directly with diastolic blood pressure, fasting insulin and leukocyte count, WHR

correlated directly with free testosterone, alanine aminotransferase and c-

glutamyltransferase, VAI correlated directly with fasting insulin and negatively

Figure 1. Surrogate indexes of visceral adiposity in control women (circles, n520), women with polycystic ovary syndrome (PCOS, diamonds,
n553) and men (squares, n526) as a function of obesity (defined as BMI §30 kg/m2, white symbols 5 non-obese subjects, black symbols 5

obese individuals). Data are means ¡ SEM and were submitted to univariate general linear models introducing groups of subjects and obesity as
independent variables and age as a covariate to correct the results for a difference in age among patients with PCOS with the other groups. Obese subjects
showed increased total body fat mass values when compared with non-obese individuals (P,0.001 for all indexes with the exception of MOAD, P50.011),
irrespective of sex and PCOS. P values indicate the differences between control women, women with PCOS and men, irrespective of the presence or
absence of obesity. No interaction was found between obesity and groups of subjects in any of the measurements of the indexes of visceral adiposity.

doi:10.1371/journal.pone.0114112.g001
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with the insulin sensitivity index, whereas MOAD only correlated directly with c-

glutamyltransferase (Table 3). There were many weaker correlations (namely,

coefficients of correlation ,0.5, Table 3). Of note, WHR and MOAD were the

surrogate indexes of visceral adiposity that correlated better with sexual steroids

and gonadotropins concentrations (Table 3).

Regarding the possible roles of these indexes as markers of insulin sensitivity,

the correlations of VAI with fasting insulin and the insulin sensitivity index were

slightly better than those of WC and BMI, and were definitely stronger than those

of WHR and MOAD (Table 3). Next, we included each surrogate index of visceral

adipose tissue and BMI in separate multiple stepwise regression models that also

included the insulin sensitivity index as dependent variable and free testosterone,

estradiol, age, ferritin and leukocytes counts as independent variables (because

age, sex hormones, iron stores and inflammation may influence insulin

sensitivity).

As predictors of the insulin sensitivity index, the first model (adjusted

R250.261, F517.6, P,0.001) retained WC (b520.40) and leukocyte count

(b520.19); the second model (adjusted R250.257, F517.3, P,0.001) retained

WHR (b520.34) and leukocyte count (b520.33); the third model (adjusted

R250.275, F512.9, P,0.001) retained VAI (b520.36), leukocyte count

(b520.25) and ferritin (b520.16); the fourth model (adjusted R250.209,

F513.4, P,0.001) retained MOAD (b520.26) and leukocyte count (b520.34)

and the fifth model (adjusted R250.218, F527.2, P,0.001) retained only the BMI

(b520.48). Therefore, the highest b coefficients were those of BMI and WC,

followed by VAI, WHR and MOAD.

5. Surrogate markers of visceral adiposity and ultrasound

assessment of hepatic steatosis

We observed no differences in the frequency of hepatic steatosis among control

women, patients with PCOS and men (20%, 36% and 40% respectively;

Table 2. Correlation of the thickness of adipose tissue depots as assessed by ultrasound with surrogate indexes of visceral adiposity and with body mass
index when considering control women, patients with PCOS and men as a whole.

Subcutaneous Preperitoneal Intraperitoneal Mesenteric Perirenal Epicardial

Minimum Maximum RA-VC P-VC LA-VC

Waist circumference 0.803* 0.836 0.639* 0.793* 0.761* 0.796* 0.808* 0.662* 0.464*

Waist-hip ratio 0.461* 0.521* 0.495* 0.703* 0.701* 0.707* 0.610* 0.607* 0.287{

Visceral adiposity index 0.510* 0.561* 0.504* 0.582* 0.557* 0.596* 0.605* 0.431* 0.281{

Model of adipose distribution 0.434* 0.469* 0.432* 0.523* 0.501* 0.524* 0.471* 0.427* 0.256{

Body mass index 0.838* 0.861* 0.601* 0.738* 0.694* 0.735* 0.789* 0.614* 0.478*

Values are Pearson’s correlation coefficients. Logarithmic or square root transformations were applied to raw data as needed to ensure a normal distribution
of the variables.
*P,0.001;
{P,0.01.
Abbreviations LA-VC, Linea alba – vertebral column; P-VC, Peritoneum – vertebral column; RA-VC; Rectus abdominis – vertebral column.

doi:10.1371/journal.pone.0114112.t002
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x252.609; P50.271), whereas steatosis was eight times more prevalent in obese

subjects compared with non-obese individuals (80% vs. 9% respectively;

x2550.050; P,0.001).

There was a graded increase in WC and BMI between the groups defined by the

severity of hepatic steatosis (Figure 2). Such an increase was not clearly observed

for other surrogate indexes of visceral adiposity, which were less sensitive in

detecting differences among the subgroups of patients with different grades of

hepatic steatosis (Figure 3).

We then assessed the possible diagnostic accuracy of surrogate indexes of

visceral adiposity for the presence or absence of hepatic steatosis, considering

grades 1, 2 and 3 as a whole, using ROC curve analysis (Figure 3). The areas under

the ROC curve ¡ SE were 0.935¡0.027 for waist circumference, 0.853¡0.037 for

WHR, 0.754¡0.05 for VAI, 0.764¡0.05 for MOAD and 0.914¡0.031 for BMI.

The area under the ROC curve of WC was better compared with those of WHR

(difference 0.08, 95% confidence interval 0.01–0.16, P50.036), VAI (difference

0.18, 95% confidence interval 0.10–0.26, P,0.001) and MOAD (difference 0.17,

Table 3. Correlation of the surrogate markers of abdominal adiposity and body mass index with clinical, hormonal and metabolic variables when considering
control women, patients with PCOS and men as a whole.

Waist
circumference

Waist-hip
ratio

Visceral adiposity
index

Model of adipose
distribution

Body mass
index

Systolic blood pressure (mmHg) 0.549* 0.468* 0.387* 0.382* 0.483*

Diastolic blood pressure (mmHg) 0.651* 0.459* 0.412* 0.387* 0.632*

Total testosterone (nmol/l) 0.127 0.466* 0.031 0.290{ 20.051

Free testosterone (pmol/l) 0.179 0.520* 0.065 0.315{ 20.002

Sex hormone-binding globulin (mmol/l) 20.478* 20.485* 20.405* 20.360* 20.406*

Androstenedione (nmol/l) 20.046 0.003 0.108 0.085 20.088

Dehydroepiandrosterone-sulfate (mmol/l) 20.099 20.078 20.039 20.012 20.119

Estradiol (pmol/l) 20.157 20.276{ 20.136 20.201{ 20.064

Luteinizing hormone (mU/mL) 20.224{ 20.230{ 20.136 20.101 20.207{

Follicle-stimulating hormone (mU/ml) 20.277{ 20.423* 20.165 20.324{ 20.150

Fasting glucose (mmol/ll) 0.357* 0.352{ 0.220{ 0.270{ 0.321*

Fasting insulin (pmol/l) 0.548* 0.430* 0.556* 0.386* 0.516*

Insulin sensitivity index 20.501* 20.433* 20.532* 20.372* 20.454*

Leukocytes (cells/ml) 0.541* 0.238{ 0.495* 0.255{ 0.587*

Ferritin (pmol/l) 0.314{ 0.459* 0.129 0.342{ 0.196

Aspartate aminotransferase (U/L) 0.250{ 0.289{ 0.091 0.233{ 0.178

Alanine aminotransferase (U/L) 0.550* 0.567* 0.390* 0.487* 0.437*

c-Glutamyltransferase (U/L) 0.607* 0.597* 0.445* 0.530* 0.489*

Alkaline phosphatase (U/L) 0.377* 0.204{ 0.295{ 0.227{ 0.375*

Values are Pearson’s correlation coefficients. Logarithmic or square root transformations were applied to raw data as needed to ensure a normal distribution
of the variables.
*P,0.001;
{P,0.01;
{P,0.05.

doi:10.1371/journal.pone.0114112.t003
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95% confidence interval 0.08–0.26, P,0.001) but was not different than that of

BMI (difference 0.02, 95% confidence interval 20.01 – to 0.05, P50.155).

Similarly, area under the ROC curve of BMI was better compared with those of

VAI (difference 0.16, 95% confidence interval 0.08–0.24, P,0.001) and MOAD

(difference 0.15, 95% confidence interval 0.04–0.26, P50.007) but was not

different than that of WHR (difference 0.06, 95% confidence interval 0.03 – to

0.15, P50.176).

These results indicate that WC had a 93.5% chance of predicting the presence

of hepatic steatosis in our mixed population of young adults of both sexes, and a

cut-off value of WC above or equal to 91.5 cm had 88% sensitivity and 92%

specificity for the presence of hepatic steatosis in them. Similarly, BMI had a

Figure 2. Surrogate indexes of visceral adiposity and BMI depending on the grade of hapatic steatosis
as estimated by ultrasound in the 99 subjects included in the study, irrespective of sex, PCOS and
obesity. Hepatic steatosis was graded as follows: grade 0, normal echogenicity; grade 1, slight, diffuse
increase in fine echoes in liver parenchyma with normal visualization of diaphragm and intrahepatic vessel
borders; grade 2, moderate, diffuse increase in fine echoes with slightly impaired visualization of intrahepatic
vessels and diaphragm; grade 3, marked increase in fine echoes with poor or nonvisualization of the
intrahepatic vessel borders, diaphragm, and posterior right lobe of the liver. Data are means ¡ SEM and were
submitted univariate general linear models introducing grade of hepatic steatosis as independent variable and
age as a covariate. * All comparisons between grades of steatosis showed statistically significant differences
with P,0.05 or less. { Values in grades 1, 2 and 3 were similar and higher than those observed in grade 0.
{ Values in grades 1, 2 and 3 steatosis were higher than those observed in grade 0, and grade 2 steatosis also
showed higher values compared with grade 1.

doi:10.1371/journal.pone.0114112.g002

Figure 3. Receiver operating characteristic (ROC) curve analysis of the diagnostic performance of
surrogate indexes of visceral adiposity and BMI for the presence or absence of hepatic steatosis. All
ROC curves were statistically significant with P,0.001. The best area under de ROC curve was that of waist
circumference (0.935¡SE 0.027) which was better than those of WHR (difference 0.08, 95% confidence
interval 0.01–0.16), VAI (difference 0.18, 95% confidence interval 0.10–0.26 and MOAD (difference 0.17, 95%
confidence interval 0.08–0.26), but was not different than that of BMI (difference 0.02, 95% confidence interval
20.01 – to 0.05, P50.155). Similarly, the area under the ROC curve of BMI was better compared with those of
VAI (difference 0.16, 95% confidence interval 0.08–0.24, P,0.001) and MOAD (difference 0.15, 95%
confidence interval 0.04–0.26, P50.007) but was not different than that of WHR (difference 0.06, 95%
confidence interval 0.03 – to 0.15, P50.176).

doi:10.1371/journal.pone.0114112.g003

Surrogate Markers of Visceral Adiposity

PLOS ONE | DOI:10.1371/journal.pone.0114112 December 5, 2014 13 / 17



91.4% predicting the presence of hepatic steatosis, and a cut-off value of BMI

above or equal to 29.7 kg/m2 had 85% sensitivity and 89% specificity for the

presence of hepatic steatosis.

Discussion

Our present results indicate that, in young adults, WC and BMI are the easiest to

obtain and also the most accurate markers of visceral adiposity, as assessed by

ultrasound, of the surrogate markers studied here. All the coefficients of

correlation between WC, BMI and the thicknesses of abdominal adiposity were

well-above 0.5. Such strong correlations were observed not only with measure-

ments of intraperitoneal adipose depots such as the distances between rectus

abdominis, peritoneum or linea alba to the vertebral column, mesenteric and

perirenal fat, but also with objective measurements of preperitoneal and

subcutaneous abdominal fat. Only the coefficient of correlation of WC and BMI

with epicardial fat was slightly below 0.5. Compared with waist circumference,

WHR, VAI and MOAD showed weaker although statistically significant

correlations with objective ultrasound measurements of the thickness of visceral

adipose tissue depots.

This is possibly related to the fact that, being the simplest indexes to obtain,

WC and BMI showed the smallest variation among the surrogate indexes of

visceral adiposity studied here in all the groups of subjects included in the study,

as clearly shown in Figure 2. Also, as depicted in Figure 1, only WC and WHR,

and not VAI or MOAD, were able to detect all the differences between control

women, patients with PCOS and men in the thickness of intraperitoneal fat

detected by ultrasound [23], both in the non-obese and obese subgroups.

Because WC measures both subcutaneous and visceral abdominal fat, the

rationale behind the development of VAI was to find an easy to obtain clinical

marker of visceral adiposity that improved WC by adding variables addressing

global adiposity such as BMI and variables addressing visceral adipose tissue

function such as serum triglycerides and HDL-cholesterol concentrations [14].

One of the theoretical advantages of VAI over WC would be that VAI should give

a better insight about visceral adipose function and insulin sensitivity, and its

increase would be strongly associated with cardiometabolic risk [14]. The

correlations between surrogate markers of visceral adiposity with clinical variables

related to the metabolic and cardiovascular complications of abdominal obesity in

our series do not support this hypothesis.

Compared with VAI, WC and BMI showed similarly strong correlations with

fasting insulin and insulin resistance estimated by the decrease in the composite

insulin sensitivity index, but also showed several strong correlations with systolic

and diastolic blood pressure values and with serum transaminases that were

considerably weaker (r,0.5) in the case of VAI, MOAD and WHR.

Moreover, WC and BMI showed excellent diagnostic performances for the

detection of hepatic steatosis. In fact, the area under the ROC curve of WC as a
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marker of the presence of absence of hepatic steatosis was larger than those of

VAI, WHR and MOAD, and that of BMI was larger than those of VAI and

MOAD. Moreover, both WC and BMI showed a graded increase as a function of

the grade of hepatic steatosis as assessed by ultrasound, whereas other surrogate

indexes of visceral adiposity were only different between subjects with or without

steatosis, and not between subjects with different grades of steatosis. To this

regards, VAI has been found not to be superior to WC as an indicator of hepatic

steatosis and steatohepatitis in a recent publication [16].

The fact that BMI, a marker of global adiposity, is also a reliable marker of

visceral adiposity is easily explained by the fact that visceral adipose tissue

increases in a quasi-linear manner with BMI in both sexes [37]. Finally, only the

WHR showed statistically significant correlations with sex steroids, a not so

surprising finding considering that, among the indexes studied here, only the

WHR takes into account upper and lower body fat distribution.

In conclusion, in young men and women presenting with wide ranges of

weight, visceral adiposity and insulin resistance, WC and BMI are not only the

simplest to obtain, but are also the most accurate surrogate markers of visceral

adiposity, good indicators or insulin resistance, and powerful predictors of the

presence of hepatic steatosis with fairly good sensitivity and specificity.
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